
DOI: http://dx.doi.org/10.29677/MR.202412_4(2).0003
2024, 4(2), 30-54

Marine Research 
of the National Academy of Marine Research
ISSN: 2709-6629 (Vol.4 Iss.2)
GPN: 2011200033

30

Study on the Fluid Selection and System Efficiency of Ocean
Thermal Energy Conversion Technology

Jhih-Han Chen 1  Yi-Hisang Yu 1*

1 Department of Civil Engineering, National Yang Ming Chiao Tung University, Hsinchu, Taiwan

ABSTRACT
        Climate change has been scientifically established as an urgent global challenge with significant 

impacts, drawing substantial international attention. In response, many countries have committed to 

achieving "Net Zero Emissions by 2050" and are actively implementing policies to mitigate its 

effects. Ocean thermal energy conversion (OTEC) technology has emerged as a promising renewable 

energy source, capable of generating electricity by exploiting the temperature difference between 

warm surface seawater and cold deep seawater. This study aims to analyze the performance of a 

dual-stage organic Rankine cycle system, recognized as one of the promising configurations for 

OTEC applications due to its enhanced efficiency in utilizing temperature differentials. A sensitivity 

analysis was conducted on 13 different working fluids to evaluate the impact of critical parameters on 

system performance, including seawater pipe diameter, pinch point temperature, and working fluid 

mass flow rate. The analysis employed MATLAB simulations based on seawater surface temperature 

data from the Heping area in Hualien, Taiwan, where Taiwan Cement Corporation proposed a 1 MW 

OTEC plant. The study identified optimal design parameters for each working fluid, revealing 

significant performance variations. Finally, this study includes an economic analysis to evaluate the 

levelized cost of energy and the feasibility of deploying OTEC technology on a commercial scale. 

Although the overall cost of the OTEC system employing R134a (tetrafluoromethane, a type of 

refrigerant) is slightly higher than that of ammonia, the findings indicate that R134a outperforms 

ammonia in thermal efficiency and economic viability, particularly highlighting significant 

advantages in the back-work ratio and net power output of the OTEC system. The findings also 

suggest that, with appropriate system design and optimization, OTEC technology can provide a stable 

and sustainable power supply, making it a viable option for regions with suitable thermal gradients, 

such as the South China Sea and tropical island nations.

Keywords: ocean thermal energy conversion, working fluid, levelized cost of energy, double-stage 
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        Energy is crucial for achieving social, economic, and environmental objectives while facilitating national 
economic activities. With ongoing economic development and population growth, energy consumption is 
rising rapidly. As illustrated in Figure 1, Taiwan's current electricity generation primarily depends on thermal 
power sources, including coal, oil, and natural gas, complemented by nuclear energy and renewable resources 
such as hydropower, solar energy, wind energy, and ocean energy, along with other generation methods like 
cogeneration (Taiwan Power Company, n.d.). To address rising energy demand and achieve the target of "Net 
Zero Emissions by 2050," it is crucial to actively promote the acceleration of energy transition toward 
renewable sources, including wind, solar, and ocean energy.

    Ocean energy stands out among these renewable energy options due to its diverse potential, which 
includes wave energy, tidal energy, and a relatively unique technology known as ocean thermal energy 
conversion (OTEC). OTEC leverages the temperature difference between warm surface seawater and colder 
deep seawater to generate electricity. Demonstration plants have been built and continue to operate, including 
the Makai OTEC plant in the United States (Makai Ocean Engineering, 2015) and one in Okinawa, Japan 
(OTEC Okinawa, n.d.), each with a capacity of approximately 100 kW.

      The efficiency of OTEC systems largely depends on the temperature differential between warm surface 
water and cold deep water. There are three main types of OTEC systems: open-cycle (Figure 2a), closed-cycle 
(Figure 2b), and hybrid-cycle, incorporating elements of both open and closed systems. Table 1 shows the 
principles of open and closed circulation systems. One of the main challenges for OTEC systems is their 
relatively low thermal efficiency in the Rankine cycle, typically between 3� and 5�, which is significantly 
lower than that of conventional thermal power plants. Several alternative thermal cycles have been proposed to 
address these efficiency limitations, such as the Kalina cycle, the organic Rankine cycle, and the dual-stage 
Rankine cycle (Chen & Huo, 2023). The selection of the working fluid in these systems is critical, as it impacts 
thermodynamic efficiency and involves considerations such as toxicity, environmental sustainability, and cost.

1 INTRODUCTION

 

Figure 1. Taiwan's power generation structure from 2012 to 2023. (Taiwan Power Company, n.d.)
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Figure 2. Schematic diagrams of OTEC systems.

Table 1. Principles of open-cycle and closed-cycle systems. (Kempener & Neumann, 2014)

(a) Open-cycle (Renewable Energy Sources, 2009)  (b) Closed-cycle (Gu, 2023)

         Historically, closed-cycle OTEC systems have used R717 (ammonia) due to its low boiling point. However, 
as the phase-out of ozone-depleting substances like R22 progressed, alternative refrigerants such as R32, R125, 
R134a, and R410a were explored (Kim et al., 2009). Saleh et al. (2007) examined 31 fluids, finding that 
balancing thermodynamic properties with safety considerations is crucial. Yoon et al. (2014) evaluated various 
working fluids (refrigerants) and noted that R717 and R245fa demonstrated high thermal efficiency among wet 
and isentropic fluids, respectively. The chemical properties of these working fluids are listed in Table 2.
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Figure 3. DORC model. (inspired by Ikegami et al. (2018))

         Further studies, such as those by Dijoux et al. (2017), evaluated R717, R507a, and R1234yf based on their 
thermodynamic performance and environmental impact. Alkhalidi et al. (2014) emphasized the efficiency of 
isobutane in OTEC applications, while Halimi and Atolah (2019) pointed out that butene could significantly 
improve thermal efficiency, achieving rates of up to 6.01�. In a subsequent study, Halimi et al. (2020) 
identified ammonia, butane, isobutane, and isobutene as optimal working fluids, each offering distinct 
advantages depending on performance and safety requirements.

        Although ammonia is widely used for its efficiency and availability, it poses significant safety risks due to 
its toxicity and corrosiveness. In comparison, isobutane not only offers higher energy conversion efficiency but 
also serves as a safer alternative in terms of handling and environmental impact. Existing research on the 
efficiency of OTEC systems and the selection of working fluids highlights a persistent challenge in identifying 
a viable alternative to ammonia. Figure 3 presents a schematic diagram of a double-stage organic Rankine 
cycle OTEC system. In general, DORC configurations have the advantage of enhanced efficiency in 
utilizing temperature differentials. Kusuda et al. (2015) implemented an experimental DORC within an OTEC 
configuration, revealing that the DORC system could potentially achieve greater energy output compared to the 
traditional single-stage organic Rankine cycle (ORC). However, this system was used solely for experimental 
purposes, with no measurements of actual power output or thermal efficiency.

     Thus, this study aims to further evaluate the DORC OTEC configuration and explore the potential 
alternative working fluids for their impact on the levelized cost of energy (LCOE). In particular, we assessed 
the OTEC thermodynamic performance and cost-efficiency, taking into account both initial installation and 
operational costs. The paper begins with model methodology and performance evaluation parameters, followed 
by a set of validation studies for three working fluids. The study also examines the impact of system parameters, 
including seawater flow rate and pipe diameter, on overall OTEC performance, concluding with an LCOE 
analysis.
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2.1 Model Introduction

2 RESEARCH METHODS

       This study employs a DORC system as the cycle model, as shown in Figure 3. Each of the two cycles 
consists of four key components: a working fluid pump, a turbine generator, an evaporator, and a condenser. 
The deep cold seawater temperature is calculated using the formula provided in Liponi et al. (2022), which is 
given as:

2.2 Mathematical Model

       The mathematical model is established under several key assumptions. First, the system is assumed to 
operate under steady-state conditions, maintaining constant temperature, pressure, and flow rate throughout. 
Furthermore, variations in the kinetic and potential energy of the fluids are considered negligible, with uniform 
fluid velocities assumed across the system. Lastly, thermal losses within the seawater pipeline and related 
circulation processes are neglected, treating seawater as an incompressible fluid for simplification.

2.2.1 Heat exchanger: Evaporator and condenser

          In OTEC systems, the evaporator and condenser serve as the primary heat exchangers, where the working 
fluid undergoes phase changes by absorbing and releasing heat. The evaporator is where the working fluid 
absorbs heat from the warm surface seawater, evaporating into a saturated vapor state. The energy balance 
equation for the evaporator can be expressed as:

        Similarly, the condenser is where the working fluid releases heat to the cold deep seawater, condensing 
back into a saturated liquid state. The energy balance equation for the condenser is:

     This study adopts a flooded evaporator, where the working fluid is in a saturated vapor state at the 
evaporator outlet and condenses into a saturated liquid state at the condenser outlet. Here, the pressure at 
various points in the OTEC cycle corresponds to either the evaporation pressure (P1 and P4) or the 
condensation pressure (P2 and P3). The following formulas are based on those presented in Yang et al. (2022).

where the cold seawater temperature, Tc, is represented as a fitting function of depth (z > 0), with depth 
measured in meters.

where Qc is the heat transfer rate in the condenser, h2 and h3 are the specific enthalpies of the working fluid at 
different states, mcs is the mass flow rate of the cold seawater, Cpc is the specific heat capacity of the 
cold seawater in the condensation section, Tc is the condenser temperature, Tcsi is the cold seawater temperature 
at the condenser inlet, and ∆Tc is the condenser pinch temperature.

(1)

(2)

(3)

where Qe is the heat transfer rate in the evaporator, mwf is the mass flow rate of the working fluid, h1 and h4 
are the specific enthalpies of the working fluid at different states, mws is the mass flow rate of the surface 
seawater, Cpe is the specific heat capacity of the surface seawater in the evaporation section, Twsi is the surface 
seawater temperature at the evaporator inlet, Te is the evaporator temperature, and ∆Tw is the evaporator pinch 
temperature.
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         These equations highlight the similarity in the energy balance approach for both heat exchangers, where 
the heat transfer rate depends on the mass flow rate, the change in specific enthalpy of the working fluid, and 
the temperature differences in the seawater streams.

2.2.2 Pump and power output

          In OTEC systems, three main pumps are used: the working fluid pump, the warm seawater pump, and the 
cold seawater pump. The work done by the working fluid pump can be expressed as:

      whereυ4 is the specific volume of the working fluid andηp,wf is the working fluid pump efficiency. 
Similarly, the work required for the surface seawater pump is given by:

       where ∆Pw is the surface seawater pipeline friction loss,ρw is the density of the seawater,ηp,sw is the 
working fluid pump efficiency, andηg is the generator efficiency. Likewise, the work done by the deep 
seawater pump is expressed as:

        where ∆Pc is the deep seawater pipeline friction loss. The turbine expands the working fluid to perform 
work. The output power of the turbine can be calculated as:

        where Wt is the work output of the turbine. The net power output of the DORC system is determined by 
balancing the input and output power of each component:

(4)

(5)

(6)

(7)

(8)

(9)

(10)

2.3 Performance Parameters

           In this study, the performance of the OTEC system was evaluated using several key metrics based on Yang 
et al. (2022), as described below:

where Ae and Ac are the areas of the evaporator and condenser, respectively. This metric is essential for 
evaluating spatial efficiency, particularly when installation space is constrained.

where Exwi and Exci are the available energy absorbed by the OTEC system from surface seawater and extracted 
from deep cold seawater, respectively.

Net power per unit heat exchange area: Net power output per unit area refers to the amount of net power 
produced relative to the system's occupied space,

Exergy efficiency: Exergy efficiency measures how well a system uses input energy, accounting for energy 
quality and irreversibilities.
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OTEC thermal efficiency: OTEC thermal efficiency is the ratio of net power output to total thermal input, as 
shown below,

Net output power per unit of seawater flow rate: Net power output per unit seawater flow rate measures the 
system's net power generated per unit of seawater flow, which is given as:

Back work ratio: The back work ratio (BWR) is the power used by auxiliary equipment (pumps) relative to the 
system's total output. A lower ratio indicates higher net power output, which is essential for system efficiency 
and economics. The formula can be given as:

where mw and mc are the flow rates of surface and deep seawater, respectively. This metric helps assess the 
impact of seawater flow on system performance.

(13)

(14)

(15)

(16)

(17)

(12)

(11)

2.4 Economic Model

           To assess the economic feasibility of the OTEC system, the levelized cost of energy (LCOE) was calculated, 
excluding costs associated with maritime operations, such as offshore installation, transportation, and 
decommissioning. The initial investment comprises capital expenditures for key OTEC components, including 
heat exchangers, pumps, turbines, and the evaporator, with adjustments based on equipment type, system 
pressure, and material selection.

         The capital costs for heat exchangers, pumps, and turbines are estimated using the equipment module cost 
estimation techniques developed by Turton et al. (2009), which utilize standard engineering models to account 
for equipment and configuration variability. Furthermore, the cost of seawater pipes is based on the study by 
Langer et al. (2022), priced at 9 USD/kg, while the generator cost is determined using the formula proposed by 
Toffolo et al. (2014), as follows:

For this study, an interest rate of 7� (Ir = 0.07) and a factory lifetime of 25 years (Lt = 25) were used. The 
LCOE is then calculated as:

where COM is the annual operation and maintenance costs, approximated at 1.5� of the total capital cost, 
andηavail is the device availability, assumed to be 95�.

The total capital expenditure (CapEx) is calculated as:

The capital recovery factor (CRCF) accounts for the interest rate (Ir) and lifetime (Lt) and is given by:
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Table 2. Working fluid performance parameters.

Table 3. Toxicity and flammability classification.
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2.5 Working Fluid Performance Parameters

           This study utilizes REFPROP 9.1 software (Lemmon et al., 2013) to analyze the working fluids mentioned 
in the literature, with the results presented in Table 2. The input parameters include ODP (ozone depletion 
potential), which measures a chemical's ability to deplete ozone, with higher values indicating a greater potential 
for ozone depletion, and GWP (global warming potential), which quantifies the impact of gas on global warming 
over 100 years, using CO2 as a baseline with a value of 1. Safety classification is also considered, with substances 
categorized based on toxicity (Class A for low toxicity, Class B for high toxicity) and flammability (ranging from 
Class 1 to 3, with A1 being the safest and B3 the most hazardous). Further details on these classifications can 
be found in Table 3.

        This section presents a set of validation studies for the OTEC system model developed in this study. The 
model's accuracy and reliability are assessed by comparing the simulation results with existing literature data 
for different working fluids. This validation ensures that the model can be used to predict the performance of 
OTEC systems under various operating conditions.

3 MODEL VALIDATION

3.1 Working Fluid - R134a

          The validation process began with a comparative analysis of our model's performance relative to the work 
of Yang et al. (2022), who optimized the organic Rankine cycle design for OTEC systems utilizing R134a as 
the working fluid. Essential parameters, including evaporator and condenser temperatures, pinch point tempera
tures, and working fluid flow rates, were established based on Yang et al.'s findings, as shown in Table 4. Our 
simulation results for R134a aligned with those reported by Yang et al., as illustrated in Figure 4, affirming our 
model's validity for this particular working fluid.

Table 4. R134a parameters.
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        Figure 4 illustrates the influence of seawater salinity on the system's performance. In this study, a salinity 
level of 35 practical salinity units (PSU) was adopted to ensure the model's accuracy. As seawater flow rates 
increase, variations in specific heat capacity can impact net power output and alter the size requirements of the 
evaporator and condenser. Higher flow rates enhance heat transfer efficiency, thereby improving the system's 
overall thermodynamic performance.

Table 5. R717 parameters.

3.2 Working Fluid - Ammonia (R717)

    Ammonia (R717) is widely used as a working fluid in OTEC systems due to its advantageous 
thermodynamic properties. By replicating the operating conditions established in the relevant literature (Yang 
& Yeh, 2022), the model showed a high degree of accuracy in reproducing trends in power output and 
efficiency, as shown in Table 5. Despite its potential advantages, safety concerns restrict the broader application 
of ammonia.

           As illustrated in Figure 5, the discrepancy between the model's results and the literature is limited to within 
5�. It is important to note that different studies may employ varied models and parameters, with simplified 
models often exhibiting greater errors. Furthermore, this study does not specify certain parameters, such as the 
diameter of the working fluid pipes, the number of pipes, seawater density, and the pipe roughness coefficient. 
Consequently, the parameters from Section 3.1 were applied in this investigation. Although these adjustments 
may introduce minor variations in net power output, the overall results remain within an acceptable range.
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Literature: Yang et al. (2022)

(a) Thermal efficiency of OTEC

 (Model output)

Literature: Yang et al. (2022)

(b) Net output power

 (Model output)

(c) Deep seawater flow rate   (d) Surface seawater flow rate

Figure 4. Comparison of R134a literature and model.
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Figure 5. Comparison of R717 literature and model.

Figure 6. Comparison of R152a literature and model.

3.3 Working Fluid - R152a

         For further validation, R152a was also investigated. Consistent with the previous working fluids, system 
parameters were adjusted based on existing literature to simulate an OTEC cycle utilizing R152a, with the 
parameters shown in Table 6 (Yang & Yeh, 2014). As observed in Figure 6, there are some discrepancies 
between the model outputs and the results reported in the literature. These differences may arise from variations 
between the model assumptions and actual system conditions, such as heat losses and pressure drops; however, 
they are within 5�.

         The three validation studies confirm that the net power output can be accurately calculated for any working 
fluid. Furthermore, this model incorporates various parameters, such as evaporator area, condenser area, and 
seawater flow rate, to estimate construction costs and serve as a tool for further research.
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Table 6. R152a parameters.

4.1 Reference Site

4 CASE STUDY

           This study focuses on the Heping region of Hualien, Taiwan, as shown in Figure 7a, where Taiwan Cement 
Corporation plans to develop a 1 MW OTEC plant. Figure 7b presents the average sea surface temperatures in 
Heping from 2004 to 2023 (Central Weather Administration, 2024), including the maximum, average, and 
minimum temperatures. This data can be used to analyze monthly temperature variations, enabling the 
assessment of net power output fluctuations under different climatic conditions. To compare the performance 
of different working fluids, this analysis adopts standardized setup parameters, including a seawater pipeline 
length of 1,600 m and a depth of 600 m, based on specifications provided by Taiwan Cement Corporation (Wei, 
2023).

(a) Heping Power Company location   (b) Heping surface seawater temperature (Central Weather 
Administration, 2024)

    Figure 7. Heping area information.
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4.2 Parametric Study

      This section evaluates the effects of pinch point temperature, seawater pipeline diameter, and working 
fluid mass flow rate on system performance. It focuses on their specific impacts on energy output and 
efficiency, offering insights for optimizing system design and performance.

(a) ∆Te = ∆Tc = 1.0°C

(b) ∆Te = ∆Tc = 2.0°C
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(c) ∆Te = ∆Tc = 3.0°C

    Figure 8. The effect of different pinch point temperatures on net power (left) and the evaporator area 
(right).

4.2.1 Pinch point temperature

       The pinch point temperature is crucial in OTEC system design, as it defines the minimum temperature 
difference between the working fluid and seawater. It affects heat transfer efficiency and the thermodynamic 
cycle, impacting the sizing of the evaporator and condenser, as well as overall energy conversion efficiency.

    Selecting an appropriate pinch point temperature is essential for balancing thermal efficiency and 
equipment costs in OTEC systems. For example, with a seawater temperature of 28°C, a pinch point of 0.5°C 
requires the working fluid's evaporation temperature to stay below 27.5°C. However, an overly small pinch 
point may reduce power generation.

        As shown in Figure 8, reducing the pinch point temperature increases the required heat exchange area in 
the evaporator. This occurs because a smaller temperature difference reduces the heat transfer driving force, 
necessitating a larger surface area to maintain the desired heat exchange. However, a smaller pinch point 
reduces irreversibilities, thereby improving overall thermal efficiency. Conversely, a larger pinch point 
increases the driving force, reducing the required heat exchanger area but increasing irreversible losses, 
ultimately lowering system efficiency.

      In the evaporator, the pinch point is the smallest temperature difference between the working fluid's 
evaporation and seawater temperatures. A lower pinch point enhances heat transfer efficiency but requires a 
larger heat exchanger area, significantly increasing capital costs. Similarly, the pinch point in the condenser 
represents the minimum temperature difference between the condensation temperature of the working fluid and 
the seawater temperature. Although a smaller pinch point improves heat exchange efficiency, it also 
necessitates larger heat exchanges. Thus, a careful balance between efficiency and cost is required.
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4.2.2 Seawater pipeline diameter

       The diameter of the seawater pipe significantly affects the system's flow rate, pressure drop, and energy 
conversion efficiency. A thorough understanding of the interaction between these variables is essential for 
effective pipeline design. This study evaluates system performance within a fixed evaporator temperature range 
of Te = 17~26°C. The analysis of the seawater pipe diameter's impact on system performance, as shown in 
Figure 9, reveals two key findings.

4.2.3 Working fluid mass flow rate

       Variations in the mass flow rate of the working fluid significantly influence the heat transfer rates within 
the evaporator and condenser, thereby affecting overall system performance. An insufficient flow rate can 
reduce heat exchange efficiency, while an excessively high flow rate may result in increased operational costs 
and energy consumption. As shown in Figure 10, when ammonia is used as the working fluid, substantial 
fluctuations in net power output are observed with a seawater pipe diameter of 2.0 m. Specifically, when the 
mass flow rate exceeds 15 kg/s, the net power output decreases at elevated temperatures and may even become 
negative at lower temperatures. This suggests that a larger seawater pipe diameter would be necessary to 
achieve a net power output of 1 MW. In contrast, for other working fluids, the net power output increases 
steadily as the flow rate rises, maintaining stability across both high- and low- temperature conditions. 
However, the increase in flow rate necessitates a larger evaporator size, which underscores the importance of 
optimizing parameter settings to balance economic feasibility with the desired power output.

      For ammonia as the working fluid, an increase in evaporation temperature initially enhances net power 
output, followed by a subsequent decline. Smaller pipe diameters improve heat exchange efficiency by 
facilitating more effective interaction between seawater and the working fluid, thereby enhancing heat transfer. 
However, due to ammonia's higher viscosity, increased flow rates result in greater friction along the pipe walls, 
which reduces power output. In contrast, working fluids with lower viscosity can maintain higher flow rates 
without significant performance losses.

          While smaller pipe diameters may be sufficient for lower flow rates, larger diameters are required at higher 
flow rates to reduce pressure losses and maintain system efficiency. Consequently, at identical pipe diameters, 
increasing the flow rate of ammonia has a more significant impact on system performance compared to 
lower-viscosity fluids (i.e., R134a, R410a, R507a).

(a) dw = 1.5 m
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Figure 9. Seawater pipe diameter analysis using mr = 7.117 kg/s (left) and mr = 15 kg/s (right).

(a) mr = 5 kg/s

(c) dw =  2.5 m

(b) dw = 2.0 m
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(c) mr =  25 kg/s

(b) mr = 15 kg/s

Figure 10. The effect of different mass flow rates on the system's net power (left) and evaporator area 
(right).

4.3 Performance and Economic Analysis of DORC Working Fluids

           Based on the analysis shown in Figures 8 to 10 and Table 2, R134a, R410a, and R507a were selected for 
their superior net power output and A1 safety classification. Alternatives such as R161, isobutane, and butane 
were initially considered but excluded due to flammability risks. Although R134a, R410a, and R507a have 
higher GWPs, their environmental impact can be mitigated through proper maintenance and leak control. The 
analysis also compares these fluids with ammonia to evaluate their overall suitability. 
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    Figure 13. R507a average net monthly power.

   Figure 12. R410a average net monthly power.

    Figure 11. R134a average net monthly power.
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4.3.1 Net power output for each working fluid

     The net power output for the selected working fluids is analyzed under varying monthly operating 
conditions, providing critical insights into the system's stability and efficiency across different seasonal 
scenarios. Figures 11 to 13 show the monthly average net power output, highlighting fluctuations throughout 
the year and underscoring the importance of optimizing the working fluid parameters to enhance performance. 
A comparative analysis was conducted between pipe diameters of 2.5 m and 3.0 m, as these dimensions demon
strated the capacity to achieve a net power output of 1 MW, making them viable design options.

4.3.2 Working fluid performance parameters

         This subsection extends the evaluation of performance parameters for various working fluids, building on 
the previously calculated net power outputs. Table 7 summarizes the OTEC performance parameters for 
ammonia and the selected working fluids (R134a, R410a, and R507a) at pipe diameters of 2.5 m and 3.0 m.

       In contrast, R134a, R410a, and R507a showed similar net power outputs at 2.5 m and 3.0 m diameters. 
Figure 14 uses R134a as a representative example to illustrate this consistency. Further analysis is needed to 
determine the most suitable pipe diameter for each working fluid under the specified operating conditions.

          Both diameters were analyzed for ammonia, but the 2.5 m diameter was chosen for comparison. As shown 
in Figure 14, ammonia consistently achieved a net power output exceeding 1 MW across a range of evaporating 
temperatures with a 2.5 m diameter, establishing it as a reliable performance benchmark. While the 3.0 m 
diameter was also examined, the 2.5 m pipe provided a more optimal balance between performance and design 
efficiency, particularly in relation to mass flow rate. Therefore, the comparison focuses on ammonia's 
performance with a pipe diameter of 2.5 m.

Figure 14. R717 and R134a net power.
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Table 7. Performance parameters for different working fluids under different pipeline diameters.

          As shown in Table 7, R134a performed optimally at a 3.0 m diameter, achieving higher net power output, 
superior thermal efficiency, and a lower BWR. These attributes position R134a as the most favorable fluid for 
larger-diameter systems, delivering significant gains in overall system performance. In contrast, while R410a 
also improved performance at a 3.0 m diameter, its higher BWR may undermine its economic efficiency despite 
its strong net power output. Finally, R507a underperformed relative to the other fluids, particularly at smaller 
diameters, where its net power output and thermal efficiency were markedly lower.

        When comparing ammonia to other working fluids such as R134a, the net power output per unit area of 
ammonia is similar to that of R134a at a diameter of 2.5 m. However, its advantages diminish at larger 
diameters. Although ammonia achieves comparable thermal efficiency to R134a, its slightly higher BWR may 
increase operational costs. Overall, R134a holds a slight advantage over ammonia in thermal efficiency and 
BWR, leading to more favorable economic outcomes for OTEC systems.

4.3.3 Economic analysis of each working fluid

     While a 3.0 m diameter system demonstrates superior technical performance, it may also increase 
construction and operational costs. This subsection presents a comparative economic analysis of the 2.5 m and 
3.0 m pipe diameter configurations, considering key cost drivers such as evaporator and condenser areas, as 
well as pipe length requirements. The design of the DORC system is illustrated in Figures 15 to 17, which serve 
as the basis for calculating the LCOE for each working fluid. By adjusting system parameters to maximize net 
power output and minimize operational costs, this analysis facilitates the selection of the most cost-effective 
fluid for the OTEC system.
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(a) (b)

Figure 15. R134a schematic diagrams of (a) D = 2.5 m and (b) D = 3.0 m.

(a) (b)

Figure 16. R410a schematic diagrams of (a) D = 2.5 m and (b) D = 3.0 m.

(a) (b)

Figure 17. R507a schematic diagrams of (a) D = 2.5 m and (b) D = 3.0 m.
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5 CONCLUSIONS

       This study comprehensively analyzed the selection of working fluids and system performance for OTEC 
technology. By modeling a DORC and using seawater temperature data from the Heping area in Hualien, 
Taiwan, the performance of the OTEC system with 13 working fluids was simulated and systematically 
compared. The findings reveal that R134a surpasses ammonia in terms of thermal efficiency and economic 
viability, particularly demonstrating notable advantages in BWR and net power output. Despite these benefits, 
the overall cost of systems utilizing R134a remains higher than those using ammonia. Nevertheless, this 
research underscores the importance of optimizing both the selection of working fluids and design parameters, 
such as seawater pipe diameter and pinch point temperature, to significantly enhance the power generation 
efficiency of OTEC systems while concurrently reducing construction costs. Future research should 
concentrate on further improving thermal efficiency, enhancing safety measures, and minimizing operational 
costs to facilitate the development of OTEC technology as a sustainable renewable energy solution.

Table 8. Performance parameters and LCOE.

4.4 Comprehensive Assessment

      The LCOE was calculated using Eq. 17 based on the cost data presented in Figures 15–17, with the 
outcomes listed in Table 8. These results are integrated with the performance parameters to comprehensively 
analyze the technical and economic performance of various pipe diameter configurations and working fluids. 
This systematic comparison facilitates a robust assessment of the feasibility of the OTEC system under different 
operational conditions.

       Table 8 indicates that the LCOE is higher for an OTEC system with a 3.0 m pipe diameter compared to 
one with a pipe diameter of 2.5 m, primarily due to increased pipeline costs. Although reductions in evaporator 
and condenser surface area costs are observed, they do not sufficiently offset the rise in pipeline expenses. 
Consequently, the analysis focuses on the LCOE for an OTEC system with a 2.5 m pipe diameter. At a net 
power output of 1 MW, the LCOE is approximately 0.45 USD/kW (Christodoulides et al., 2023), which is 
considered acceptable for a 2.5 m diameter system. R134a emerges as the most favorable alternative to ammonia, 
demonstrating strong efficiency, economic viability, and enhanced environmental sustainability due to its lower 
global warming potential. Therefore, it is recommended as the preferred working fluid for this study.
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