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Abstract
Ocean thermal energy conversion (OTEC) is a heat engine application that utilizes the Rankine cycle to extract energy from 

the thermal gradient between surface seawater and deep seawater. Hybrid cycle OTEC (H-OTEC) is a combination of an 

open cycle desalination system and a closed-cycle power generation system that leverages the features of both cycles. Unlike 

other desalination technologies that require extensive energy to operate, H-OTEC relies entirely on renewable energy. In 

addition, a desalination plant can be coupled with the H-OTEC system (H-OTEC + D) to improve its performance. Con-

ventionally, the total heat transfer area of heat exchangers per net power is used as an objective function to achieve optimal 

performance with the lowest capital expenditure cost. The proposed objective function, unlike the conventional one, con-

siders both power and water. In this study, the optimization of H-OTEC + D and H-OTEC is carried out by minimizing the 

proposed objective function, considering several independent variables. The performance of both systems is evaluated in 

terms of the objective function, power consumption, seawater flow rates, and desalination ratio. The findings also indicate 

the effectiveness of the proposed objective function over the conventional one as an effective tool for maximizing power 

and desalinated water generation.
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List of symbols

Symbols
A  Area  (m2)

C  Clearance (m)

cp  Specific heat capacity (kJ  kg−1  K−1)

D  Diameter (m)

f  Friction factor (–)

g  Gravitational acceleration (m  s−2)

G  Mass flux (kg  s−1  m−2)

h  Specific enthalpy (kJ  kg−1)

H  Height (m)

K  Loss of coefficient (–)

L  Specific latent heat (kJ  kg−1)

Lp  Length of the pipe (m)

m  Mass flow rate (kg  s−1)
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N  Number of plates (–)

P  Pressure

Pr  Prandtl number (–)

Q  Heat flow rate (kJ)

Re  Reynold number (–)

Sal  Salinity (Psu)

SEC  Specific energy consumption per unit of desali-

nated water production (kWh  m−3)

t  Thickness (m)

T  Temperature (K)

V  Velocity of fluid (m  s−1)

W  Power output (kW)

Wi  Width (m)

x  Quality (–)

Xtt  Lockhart–Martinelli parameter (–)

ΔH  Head loss (m)

ΔT   Temperature difference (K)

Subscripts
a  Actual

atm  Atmospheric pressure

atm-fc  Pressure difference between the atmospheric 

pressure and the flash chamber

BP  Bending pipeline

C  Condenser

CS  Deep seawater

CSI  Deep seawater inlet

CSO  Deep seawater outlet

CW  Temperature of condenser plate wall

D  Desalination

DW  Desalinated water

DWP  Desalinated water production power

e  Equivalent

E  Eva-con

EW  Temperature of evaporator plate wall

F  Flash point

G  Generator

HX  Heat exchanger

l  Liquid

m  Average

SP  Straight pipeline

T  Turbine

TOTAL  Total heat transfer area of heat exchanger

th  Thermal

v  Vapor

W  Temperature at the plate wall

WF  Working fluid

WFS  Working fluid considering separator

WS  Warm surface seawater

WSI  Warm surface seawater inlet

WSO  Warm surface outlet

Acronyms
BPE  Boiling point elevation

C-OTEC  Closed-cycle ocean thermal energy conversion

H-OTEC  Hybrid-cycle ocean thermal energy conversion

NETD  Non-equilibrium temperature difference

OTEC  Ocean thermal energy conversion

Greek letters
𝛼  Heat transfer coefficient (kW  m−2  K−1)

𝛾  Objective function  (m2  kW−1)

Δ  Difference

η  Efficiency (%)

𝜆  Thermal conductivity (kW  m−1  K−1)

𝜋  Pi (–)

𝜌  Density (kg  m−3)

𝜇  Dynamic viscosity (Pa s)

𝜙  Enlargement (–)

1 Introduction

The issue of freshwater scarcity presents a pressing chal-

lenge for populations inhabiting archipelagic regions [1]. 

Remarkably, freshwater constitutes merely 2.5% of Earth’s 

total water volume, with the largest proportion being sub-

terranean [2]. This subterranean water primarily serves 

as the main resource for these populations, yet its salin-

ity increases with greater depth. Typically, the salinity 

surpasses 500 mg/L NaCl, rendering the water unfit for 

consumption as per the guidelines set forth by the World 

Health Organization (WHO) for potable water [3]. Nota-

bly, the task of securing freshwater sources is becoming 

challenging as development on these islands continues to 

rise. Therefore, by 2030, the United Nations’ Sustainable 

Development Goal 6 endeavors to realize the aim of pro-

viding “clean water and sanitation for all” [4].

Researchers have directed their focus towards desalina-

tion technologies, recognizing them as pivotal in achiev-

ing the specified goal [5, 6]. Desalination, in essence, 

is a method to remove salt from saline water. Presently, 

numerous techniques, including multi-stage flash (MSF), 

multiple-effect distillation (MED), electrodialysis (ED), 

and reverse osmosis (RO), have been firmly established 

as effective means to obtain freshwater [7–10]. Unfortu-

nately, these methods are dependent on stable power sup-

ply. This is challenging given that a significant number of 

inhabitants on these islands lack access to conventional 

power grids and predominantly rely on diesel generators 

for their energy. Note that current conventional large-scale 

desalination technologies use fossil fuels as a resource to 

generate intensive thermal energy or electricity [7]. By 

2050, it is anticipated that the annual emissions of car-

bon equivalents from fossil fuels powered desalination 
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facilities globally will climb to 400 million tons [8, 9]. 

This not only contributes to greenhouse gas emissions but 

also contradicts the global endeavors aimed at mitigating 

climate change.

In response to this challenge, researchers have explored 

the possibility of employing renewable energy sources to 

drive the desalination plant. This approach is favored for 

its environmentally friendly and enhanced sustainability. 

While these advantages are crucial, it also holds the capac-

ity to reduce the eventual cost for end-users, which is of 

vital importance for residents in disadvantaged commu-

nities [9]. The ocean, which covers about 70% of Earth’s 

surface, possesses abundant thermal energy, especially 

in the tropics. This not only represents the most substan-

tial reservoir of thermal energy resources but also deliv-

ers consistent energy output [10]. Ocean thermal energy 

conversion (OTEC) is the application of thermal gradi-

ent that generates a clean renewable and always acces-

sible base-load power. Several simulations have also been 

documented, demonstrating the theoretical capability of 

OTEC to globally generate annual power output of up to 

30 terawatts from a depth of 1000 m [11]. Hence, using 

OTEC technology to drive desalination process presents a 

viable approach to achieving environmentally friendly and 

sustainable freshwater production, particularly in tropical 

islands.

Open cycle OTEC (O-OTEC) was proposed in 1881 by 

the famous French physicist Dr. d’Arsonval [12]. Unfor-

tunately, O-OTEC faces challenges primarily attributed 

to the substantial turbine diameters required as the power 

generation scale increases, demanding significant initial 

investment [13]. To address this challenge, a closed-cycle 

OTEC (C-OTEC) was developed. This involves utilizing a 

low boiling point working fluid within a loop, with the sur-

face and deep seawater serving as the heat source and sink, 

respectively. The C-OTEC design permits the utilization of 

a turbine with a reduced size compared to O-OTEC [14]. 

However, it is important to note that the C-OTEC design is 

solely focused on power generation and does not produce 

water. An alternative approach was proposed by Uehara 

et al. [15], who suggested integrating C-OTEC with spray 

flash evaporation to yield some amount of desalinated water. 

Spray flash evaporation plays a prominent role in the sepa-

ration and heat transfer aspects of desalination technology, 

particularly when driven by renewable energy. Ikegami et al. 

[16] conducted experimental comparisons of the spray flash 

desalination process, specifically examining downward and 

upward jet flash evaporation using a nozzle. They reported 

that upward jet methods exhibited higher efficiency and 

compactness. Subsequently, Mutair and Ikegami [17] con-

ducted experiments to investigate the influencing factors and 

effects on the intensity of flash evaporation, providing valu-

able insights for designing the flash evaporation chamber. 

Moreover, they employed a small spray flash desalination 

plant capable of producing 15.2 tons of freshwater per day, 

catering to the needs of low-populated islands and remote 

areas [18]. This process has also demonstrated sustainabil-

ity in freshwater production, achieving a rate of 100 tons 

per day using the ocean thermal gradient, as shown by the 

National Institute of Ocean Technology (NIOT) since 2005 

[19]. Some researchers, for example Liponi et al. [20] con-

ducted research on coupling C-OTEC with RO for freshwa-

ter generation. However, the purity of the brine discharge 

from flash desalination, tends to be higher than that from 

RO methods [21]. Moreover, the brine rejected from RO 

usually contains higher salt content and various compounds 

that could have adverse effects on marine ecosystems [22]. 

Nonetheless, the discharge of water from OTEC may still 

pose environmental challenges. A researcher has developed 

a model projecting that with the increase in OTEC’s MW 

scale, adverse effects on coral may manifest due to elevated 

nitrate  (NO3) concentration near the discharge site [23]. 

Furthermore, the design of C-OTEC encourages the occur-

rence of biofouling within the heat exchanger. A more recent 

development is the hybrid cycle OTEC (H-OTEC), which 

combines elements from both O-OTEC and C-OTEC. This 

approach introduces additional benefits, including the pre-

vention of biofouling and corrosion in the heat exchanger. 

As a result, it becomes feasible to employ lower-grade 

materials the like of stainless steel and aluminum instead 

of titanium [24]. In 2018, Song [25] conducted research on 

a 634 kW H-OTEC, resulting in a freshwater production of 

55.1  m3  h−1. The findings exhibited that H-OTEC yields 

greater desalinated water compared to O-OTEC, with the 

added advantage of lower capital costs.

In the traditional objective function to assess OTEC 

plant, by Uehara and Ikegami [26], minimizing the ratio 

of total heat exchanger area to net power output is exam-

ined, with the evaluation focusing solely on net power. 

This focus on net power stems from the exclusive power 

generation of the closed OTEC (C-OTEC) design. An 

analysis of the same objective function was conducted 

by Bernardoni et al. [27], revealing that heat exchang-

ers constitute a significant portion of expenses within an 

offshore C-OTEC plant, accounting for approximately 

36% of the overall cost. This aligns with the findings of 

Langer et al. [28], in which heat exchanger expenses were 

identified as the predominant component at 28%. Adipu-

tra et al. [29] stated that the cost of heat exchanger takes 

up a significant portion, approximately 21%, of the total 

cost. A recent investigation by Thirugnana et al. [30] also 

centered on the identical objective function, examining a 

10 MW C-OTEC plant situated in Malaysia. It is important 

to note that H-OTEC is not intended to be integrated with 

a desalination system; instead, it operates as an independ-

ent facility for water and power generation. In a previous 
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investigation conducted by Uehara et al. [15], the scope 

was limited to a comparison between C-OTEC integrated 

desalination and H-OTEC without integrated desalination. 

As of today, there have been numerous innovative studies 

on the comprehensive application of OTEC technology 

for various multi-generation purposes. For example, Zhou 

et al. [31] examined the performance of C-OTEC when 

combined with solar energy, multi-effect desalination, 

and cooling. Yuan investigated a novel C-OTEC system 

paired with solar energy for both power generation and 

cold storage refrigeration [32]. However, the insufficient 

thermal energy results in the difficulty to drive the ejector 

refrigeration power cycle and limited water productivity. 

In the field of OTEC, this shortfall is typically addressed 

by introducing solar energy as auxiliary heating. Hu et al. 

[33] recently proposed a distillation desalination system 

that combines OTEC and solar energy. In this system, 

OTEC is harnessed to provide a sustainable source of 

freshwater, while the integration of solar energy serves to 

increase the heat source temperature and enhance fresh-

water production. However, it is essential to carefully esti-

mate additional costs, including maintenance expenses for 

solar panels, which considers specific plumbing, piping, 

and sealing requirements to prevent damage from salt-

water. Failing to do so could potentially compromise the 

practical feasibility and reliability of an OTEC integrated 

with solar energy system [34]. However, up until this 

point, no work has been done regarding the integration of 

flash desalination into H-OTEC, leaving its operational 

performance and efficiency largely unexplored.

In the current H-OTEC configuration, the system yields 

two products: power and desalinated water. Nonetheless, 

if the objective function proposed by Uehara and Ikegami 

[26] is used, the desalinated water product remains unac-

counted for. Thus, a comprehensive evaluation of H-OTEC 

necessitates the consideration of both electricity and desal-

inated water. For commercial-scale megawatt-class power 

generation using an OTEC system, a substantial amount 

of seawater is necessary due to the low temperature dif-

ference gradient. Since less than 1% of the surface sea-

water undergoes flash evaporation, a significant portion 

of the heat from the seawater exiting the flash chamber 

is wasted [15]. Therefore, supplying the remaining heat 

to an integrated desalination system is a viable solution 

to enhance water production rate. Concerning water pro-

duction rate, the necessary power for water production is 

calculated. The RO process for seawater desalination has 

demonstrated one of the most efficient energy consumption 

profiles in terms of electricity consumption. This energy 

consumption greatly depends on the membrane character-

istics and water quality. By implementing a research find-

ing’s by Al Zahrani’s [35], the water production flowrate 

is converted into an equivalent water production power.

In this work, H-OTEC integrated desalination 

(H-OTEC + D) is proposed which is expected to improve 

its performance compared to conventional H-OTEC. 

Rather than increasing costs by adding auxiliary heating 

source equipment, equivalent water production power is 

considered to maximize the power and desalinated water 

production of H-OTEC + D using the proposed objective 

function. Initially, an optimization process was conducted 

for both H-OTEC + D and conventional H-OTEC mod-

els using the Fortran framework. This optimization was 

carried out employing both the conventional objective 

function and proposed objective function. To assess the 

system’s optimization performance, temperature differ-

ence (ΔT) was varied and results such as power generation, 

desalinated water yield, pumping power consumption, sur-

face and deep seawater flow rates, heat transfer area, and 

desalination ratio are analyzed.

2  Systems description

2.1  H-OTEC + D and H-OTEC

Figures 1 and 2 represent the schematic diagram and the con-

ceptual temperature-entropy (T–s diagram) of H-OTEC + D 

system, respectively, while Figs. 3 and 4 exhibit the sche-

matic diagram and the conceptual temperature-entropy (T–s 

diagram) of H-OTEC system, respectively. For the H-OTEC 

description, the system consists of two parts, namely flash 

desalination and power generation, the latter being based 

on the Rankine cycle. The surface seawater is drawn into 

the system and is flash evaporated under vacuum condition 

(around 3 kPa) to form steam. Such a process enables the 

prevention of biofouling as other impurities are restrained 

from entering the evaporator-condenser (eva-con). The 

condensation of this steam releases a substantial amount of 

latent heat which is then transferred to the working fluid 

side. The desalinated water obtained through steam conden-

sation is then collected in a tank. The working fluid under-

goes evaporation, forming a high-pressure vapor, which is 

directed into separator to ensure that any residual liquid is 

recycled back to the evaporator. This is to make certain only 

saturated vapor may enter the turbine inlet. The vapor work-

ing fluid expands, generating power in the generator. Then, 

the exhaust vapor enters the condenser where it is condensed 

by deep seawater drawn from a depth of over 600 m. The 

pressure difference between the turbine and condenser ena-

bles the turbine and drives the generator. After condensation, 

the working fluid is pumped back into the evaporator and the 

cycle continues.

The desalination part of H-OTEC is referred to as 1st-

stage desalination, while the desalination plant as the 

2nd-stage desalination. The surface seawater outlet from 
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1st-stage desalination is directed towards the second flash 

chamber for flashing. Subsequently, the steam vapor pro-

ceeds into the desalination condenser, where it undergoes 

condensation by the deep seawater passing through the 

condenser within the H-OTEC system.

The performance of H-OTEC is evaluated under several 

limitations and assumptions as listed as follows:

• To minimize the dry out area and heat transfer perfor-

mance reduction, the quality of working fluid at the 

evaporator outlet is fixed at 0.8 rather than at 1 [36].

• The working fluid is in a saturated vapor state at the 

turbine inlet.

• The working fluid is in a saturated liquid state at the 

condenser outlet.

• The heat losses occurring to surrounding is negligible.

• The temperature increase of the deep seawater during 

the inlet process is not considered.

• The non-condensable gases from the surface can impact 

the condensation performance within the eva-con. How-

ever, in this scenario, it is assumed that a system capable 

of effectively removing the non-condensable gases is in 

place [15].

• The flash temperature, TF, and desalinated water tempera-

ture, TD, are constant due to the process of latent heat of 

condensation. Although the sensible heat has a non-neg-

ligible impact on the temperature change of desalinated 

water, it is not considered due to the dominant effect of 

latent heat.
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2.2  Objective function

The initial step prior optimization is to establish the objec-

tive function that is to be minimized. This present study 

defines two distinct objective functions to facilitate a com-

parative analysis between H-OTEC + D and H-OTEC. The 

following is the conventional objective function, 𝛾1 which 

is represented as a ratio between two variables is listed as 

follows:

where ATOTAL is the total heat transfer area of heat exchanger, 

and W is the net power output. The subscript E, C and DC 

stand for eva-con, condenser and desalination condenser, 

respectively. It is important to note that the objective func-

tion can be defined as the ratio of total power plant cost to 

the net power per unit. However, this total cost can fluctuate 

(1)𝛾1 =
ATOTAL

WN

(2)ATOTAL = AE + AC + ADC

based on factors such as the timing of construction and the 

design which pose a challenge. Given that the cost of the 

heat exchanger represents a substantial portion of the OTEC 

plant’s expenses, it is more effective to utilize the objective 

function as in Eq. (1) in the optimal design process [26].

To incorporate desalinated water production power in the 

objective function, 𝛾2 is proposed as shown in Eq. (3). The 

equivalent desalinated water production power, WDWP, is a 

viable means to calculate the desalinated water production 

power as in Eq. (4):

where m and SEC are the mass flow rate and the specific 

energy consumption per unit of desalinated water produc-

tion, respectively. Subscript DW stands for desalinated 

water. SEC is used in RO systems to express the amount 

of energy utilized for each unit of water produced [37]. 

The second-order polynomial equation presented in Eq. (5) 

serves as a valuable tool for assessing the SEC in desalinated 

water production [38]. This equation takes into account the 

salinity factor measured in practical salinity unit (PSU), 

which varies based on geographical locations. Equation (5) 

data have been extracted and reproduced from a study con-

ducted by Zahrani et al. [35]. It is crucial to emphasize that 

the referred RO system incorporates contributions from a 

pump, an RO module, and a hydraulic turbine:

where Sal is the salinity in Psu.

(3)𝛾2 =
ATOTAL

WN + WDWP

(4)WDWP = mDW × SEC

(5)SEC = 0.0003Sal2 + 0.0018Sal + 2.6049
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2.3  Power generation and head loss

The net power output of an H-OTEC system relies on the 

harvested heat from the temperature difference which pro-

duces gross power output. For H-OTEC and H-OTEC + D, 

the WN is given as in Eq. (6):

where WG is the gross power output, WWS represents the 

overall pumping power for surface seawater and its dis-

charge, WDW is the discharge pumping power of desalinated 

water, WCS is the pumping power for deep seawater, and 

WWF is the pumping power for working fluid. Due to the 

requirement of vacuum condition inside the flash chamber, 

WV which is the vacuum pumping power is necessary. Sub-

scripts WS, CS, and WF, and V stand for surface seawater, 

deep seawater, working fluid, and vacuum respectively. The 

WG and these pumping powers can be written as

where ΔH is the total head loss, g is the gravitational accel-

eration, and 𝜂 is the pump efficiency. Specifically, to ensure 

that the flash chamber is in vacuum condition, the adiabatic 

compression power, WAC, is derived as [15]

where Ca is the mass concentration of air in feed seawater 

assumed to be 19.36 × 10−6
mg∕L . ka and Ra are the adiabatic 

compression exponent and specific gas constant of air. Patm 

and Psat are the atmospheric pressure and saturation pressure 

of the flash steam.

(6)WN = WG −
(
WWS+WDW + WCS + WWF + WV

)

(7)WG = mWF𝜂G𝜂T

(
h4 − h5

)

(8)WWS =
mWSΔHWSg

𝜂WS

(9)WCS =
mCSΔHCSg

𝜂CS

(10)WWF =
mWFΔHWFg

𝜂WF

(11)WDW =
mDWΔHatmg

𝜂D

(12)WV =
WAC

𝜂V

(13)

WAC =
CamWSkaRa

2
(
ka − 1

)
⎡⎢⎢⎣
(
TWSI + 273.15

)((
30

17

) ka−1

ka − 1

)
+
(
Tsat + 273.15

)⎛⎜⎜⎝
(

Patm

Psat

) ka−1

ka − 1

⎞⎟⎟⎠
⎤⎥⎥⎦

In addition, the total pressure losses attributed from fluid 

flow through a system composed of a pipe and heat exchanger 

are evaluated as

where ΔHWS , ΔHCS , and ΔHWF are the total head loss of 

pipe for surface seawater, deep seawater, and working fluid, 

respectively.

Since OTEC operation requires a very long pipe to collect 

surface and deep seawater, the head loss in the straight pipe-

line, ΔHSP contributed by the friction can be defined as [39]

where Lp is the pipe length, D is the diameter of the pipe 

and VP is the velocity in the pipe. Note that these equations 

are applicable to both surface seawater and deep seawater.

The head loss in valves and fittings ΔHBP can be 

expressed using a modified form of the Darcy–Weisbach 

equation as [40]

where K is the resistance coefficient which depends on the 

selection of elbow used obtained from Ref. [41]. For the 

surface and deep seawater pipe, the elbow type is assumed to 

be regular 45° threaded (K = 0.4), while working fluid pipe 

is regular 90° flanged (K = 0.3).

Due to the pressure difference inside the flash chamber 

and the outside atmospheric pressure, repressurization is 

required to transport away the brine and the desalinated 

water. Hence, the head loss is denoted as ΔHatm , and can 

be calculated as follows:

where PF is the pressure inside the flash chamber.

Since the density of deep seawater exceeds that of sur-

face seawater, it is essential to account for the impact of 

the pressure differential contributed by the density differ-

ence, denoted as ΔH
Δ𝜌 as expressed in Ref. [15]:

(14)ΔHWS = ΔHSP + ΔHBP + ΔHatm−fc

(15)ΔHCS = ΔHSP + ΔHBP + ΔHHX + ΔH
Δ𝜌

(16)ΔHWF = ΔHBP + ΔHWFsat + ΔHWFeva + ΔHWFcon

(17)ΔHSP = 6.82
Lp

D1.17

(
VP

100

)1.85

(18)
VP =

m

𝜋𝜌

(
D

2

)2

(19)ΔHBP = K
V2

P

2g

(20)ΔHatm−fc =
Patm − PF

𝜌Dg
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Moreover, the head loss inside the plate heat exchanger 

ΔHHX is calculated as [26]

 where f is the friction factor. V is the velocity of fluid 

inside the heat exchanger and Wi is the width of the plate 

heat exchanger. de is the equivalent diameter while C is the 

clearance.

The friction factor of deep seawater in condenser and 

desalination condenser which is denoted as fCS can be 

computed as [27]

where Re is the Reynolds number. The values of Kf and m, 

both of which are dependent on a Reynolds number exceed-

ing 300, are considered to be 1.441 and 0.206, respectively 

[42].

ΔHWFsat represents the head loss resulting from the satu-

ration pressure differential that exists between the eva-con 

and condenser. This equation is taken from Ref. [26]:

where P4 and P1 are the saturation pressure of the working 

fluid at the outlet of eva-con and outlet of condenser.

2.4  Heat transfer and mass flow rate

Each number shown in Figs. 2 and 4 represent the state points 

of the working fluid. The heat transfer rate for the working fluid 

in eva-con, QE, can be calculated using the listed equations:

 where h is the specific enthalpy. Subscripts 4, 2a, and 2s 

are the position of working fluid at eva-con outlet, actual 

enthalpy at eva-con inlet, isentropic enthalpy at eva-con 

inlet, and at condenser outlet, respectively.

The equation QWS is defined as the heat transfer rate for the 

surface seawater that flows into the flash chamber of H-OTEC 

system:

(21)ΔH
Δ𝜌 = LpCS −

(
1

𝜌CS

)[
0.5

(
𝜌WS + 𝜌CS

)
LCS

]

(22)ΔHHX = f

(
V2

2g

)
Wi

de

(23)de = 2 × C

(24)fCS =
Kf

Rem , Re > 300

(25)ΔHWFsat =

(
P4 − P1

)

𝜌WFg

(26)QE = mWF

(
h4 − h2a

)

(27)h2a =
h2s − h1

𝜂WF

+ h1

where T is the temperature and cp is specific heat at constant 

pressure. Subscripts WSI and WSO are the surface seawater 

inlet and surface seawater outlet, respectively.

Note that the inlet of eva-con is steam. The surface seawater 

which has not undergone flash evaporation can be denoted as 

brine. The calculation of TWSO for H-OTEC can be attained as

 where the boiling point elevation (BPE) observed in sea-

water is attributed to the presence of sodium and chlorine 

ions which elevates the boiling point of seawater. Kb is 

the molal boiling point elevation constant of water which 

is 0.51 °C kg  mol−1 [43]. Molality is defined as the num-

ber of moles of solute per kilogram of solvent. The stand-

ard assumption for the average salinity in the open ocean, 

35%, was utilized in this study [44]. Given the number of 

moles of seawater with 35% salinity in 1000 g of seawater 

is 0.5996 mol and the mass of water is 0.97728 kg; there-

fore, the molality can be calculated using Eq. (35). On the 

other hand, the non-equilibrium temperature difference 

(NETD) represents the temperature difference between the 

flash steam and surface seawater inside the flash chamber. 

The value of NETD is influenced by the size of flash cham-

ber and while it is not being investigated in this study, the 

value of 0.32 °C was assumed. Since in H-OTEC system, 

the steam will undergo latent heat of condensation to transfer 

heat to working fluid, the heat transfer rate, QD is computed 

from the following equation:

where L is the latent heat.

To obtain the value of latent heat, the equation is obtainable 

from the following:

where the subscript v and l are denotation for the saturated 

vapor state and saturated liquid state, respectively.

The heat transfer rate for the working fluid in condenser, 

QC, is applied:

(28)QWS = mWScpWS

(
TWSI − TWSO

)

(29)TWSO = TF + NETD + BPR

(30)BPR = Kb × molality

(31)molality =
moles of seawater

mass of the water

(32)QD = mD × L

(33)L = hv − hl

(34)QC = mWF

(
h5a − h1

)

(35)h5a = h4 − 𝜂T

(
h4 − h5s

)



Journal of Marine Science and Technology 

where subscript 5a and 5s are the actual specific enthalpy at 

the condenser inlet and specific enthalpy at condenser outlet, 

respectively. 5v and 5l are the specific enthalpy at saturated 

vapor state and saturated liquid state, respectively. x5 is the 

quality of the working fluid at condenser inlet while 𝜂T is the 

turbine efficiency.

For the deep seawater in condenser, QCS the heat transfer 

rate equation is defined as follows:

where CSO and CSI stand for deep seawater outlet and deep 

seawater inlet, respectively.

The mass flow rate of the working fluid, surface seawater, 

desalinated water, and deep seawater can thus be deduced as

where WT is the power output of the turbine and 𝜂G is the 

generator efficiency. mWFS is the mass flow rate of working 

fluid with separator included in the system, while x4 is the 

quality at the turbine inlet.

2.5  Heat balance calculation

The heat balance equations have been carried out for the 

purpose of validation. The process of heat transfer within 

the eva-con and condenser is illustrated in Fig. 5. The heat 

balance calculation is accomplished via a subroutine pro-

gram, utilizing the bisection method as demonstrated in 

Fig. 6.

The heat from the flash steam, Q1, is expressed as

(36)x5 =
h5a − h5l

h5v − h5l

(37)QCS = mCScpCS

(
TCSO − TCSI

)

(38)mWF =
WT

h5a − h4

(39)WT =
WG

𝜂G

(40)mWFS =
mWF

x4

(41)mWS =
QE

cpWS

(
TWSI − TWSO

)

(42)mD =
QE

L

(43)mCS =
QC

cpCS

(
TCSO − TCSI

)

where 𝛼 is the heat transfer coefficient, A is the heat transfer 

area, and TW is the temperature at the plate wall on seawater 

side.

Subsequently, thermal energy is transferred within the 

plate. This equation is applicable to Q2, Q5, and Q8 which 

can be calculated as shown as follows:

where 𝜆 is the thermal conductivity of the plate and t is the 

thickness of the plate. TEW is the temperature at the eva-con 

plate wall on working fluid side.

Finally, the heat transfer to working fluid side is denoted 

as Q3, Q6, and Q9 which can be computed as

where TE is the evaporation temperature.

However, the direction of heat transfer flow in a con-

denser is reversed, with thermal energy flowing from the 

working fluid to the deep seawater. Such process is calcu-

lated in the following sequence:

(44)Q1 = 𝛼A
(
TD − TW

)

(45)Q = 𝜆A

(
TW − TEW

)

t

(46)Q = 𝛼A
(
TEW − TE

)

(47)Q10 = 𝛼A
(
TC − TCW

)

(48)Q11 = 𝜆A

(
TCW − TW

)

t

(49)Q12 = 𝛼A

(
TW −

TCSI + TCSO

2

)

a                                        b                                          c

Fig. 5   Heat transfer process inside a eva-con, b condenser and c 

desalination condenser
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where TC and TCW are the condensation temperature and the 

temperature at the condenser plate wall on working fluid 

side.

2.6  Heat exchanger

The optimal design is carried out to establish the number 

of plates to calculate the required heat transfer area before 

maximizing the net power output. To achieve this, various 

parameters are initially established. For instance, Table 1 

presents the heat exchanger dimension values used in this 

study, which are based on the design conditions from a pre-

vious study conducted by Uehara et al. [15].

The heat transfer area of condenser is obtained by follow-

ing the calculation as follows:

(50)ACSA =
m

(𝜌 × V)

(51)N = 2 ×

(
ACSA

H × C
− 1

)

where ACSA and ACSA,WF are the cross-sectional area of 

seawater side and cross-sectional area of working fluid 

side, respectively. V is the velocity of seawater inside heat 

exchanger and N is the number of plates. H and 𝜙 are the 

height and enlargement factor, respectively.

Regarding the eva-con, it can be demonstrated as 

follows:

where ACSA,D is the cross-sectional area of desalinated water 

side and G is the mass flux.

In the eva-con, the boiling heat transfer coefficient of the 

working fluid, 𝛼E , is expressed as [45]

(52)ACSA,WF = Wi × C ×
N

2

(53)A = N × H × Wi × 𝜙

(54)ACSA,D =
mD

(2 × GD)

(55)N = 2 ×

(
ACSA,D

H × C

)

Parameters input

Assume TF, TE, TC, VCS

Call REFROP

Calculate point 1,2,3,4

Calculate heat and mass flowrate

Calculate evaporator heat transfer area

Check evaporator 

heat balance

START SUBROUTINE

Calculate condenser heat transfer area

Check condenser 

heat balance END

Calculate pressure drop in the system

Calculate net power

Calculate objective function

Assume GD

No

Yes

Assume TCSO

No

Yes

A

A

Calculate desalination condenser heat 

transfer area

Check desalination 

condenser heat 

balance

Assume GD

No

Yes

B

B

Fig. 6  The flowchart used in this program to calculate the subroutine program using bisection method
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where Xtt is the Lockhart–Martinelli parameter and 𝜇 is the 

dynamic viscosity.

The friction factor for evaporation of working fluid at the 

eva-con can be calculated as follows [46]:

The condensation heat transfer coefficient of the desalinated 

water, 𝛼D , and working fluid, 𝛼C , are expressed as follows [47]:

where Xm is the average vapor quality.

The friction factor for condensation of working fluid at con-

denser can be calculated as shown as follows [48]:

(56)
𝛼loc

𝛼LZ

= 16.4

(
1

Xtt

)1.08

(57)𝛼LZ = 0.023
kl

Dh

[
G(1 − x)Dh

𝜇l

]0.8

Pr0.4
l

(58)Xtt =

(
1 − x

x

)0.9
(
𝜌g

𝜌l

)0.5(
𝜇l

𝜇g

)0.1

, 780 ≤ Re ≤ 3600

(59)fE = 212Re−0.51
eq

P0.53
r

, Re ≤ 2200

(60)𝛼 = 1.875∅
𝜆

Deq

Re0.445
eq

Pr
1∕3

l

(61)Reeq =

Geq(1 − x)Dh

𝜇l

, Re < 1600 and Re ≥ 1600

(62)Geq = G

[
1 − Xm + Xm

(
𝜌l

𝜌v

)1∕2
]

(63)fLT1 = (1.8logRe − 1.5)−2, Re ≥ 2000

(64)fLT2 = 3.8
(
39Re−0.289

)
,Re ≥ 2000

For the deep seawater side, the heat transfer coefficient, 

𝛼CS , is calculated as [49]

2.7  Optimization model

The present study details the development of an optimized 

OTEC model via the programming language Fortran frame-

work. It was realized via the method of steepest descent by 

finding the minimum value of a given objective function. 

The simplified flowchart in Fig. 7 was used as the main 

program, whereby the objective function was expressed as 

a function of several design parameters which were care-

fully selected to establish an effective optimization of the 

H-OTEC model:

The simplified graph depicts an iterative optimization 

process, whereby the objective function is calculated with 

a fixed set of input design parameters. Subsequently, a new 

objective function is defined when the value of a design 

parameter is incrementally changed to minimize the objec-

tive function. This updated value of design parameters are 

then utilized as the initial value for the next design parameter 

to be optimized and is repeated until the minimum value 

is attained. Such an iterative process allows for systematic 

refinement of the design parameters to achieve optimal per-

formance of the system.

H-OTEC system utilizes low boiling working fluid to 

harness the energy from warm surface and cold deep sea-

water. Among them, ammonia is widely utilized because 

(65)

f =

(
cos𝛽√

0.18tan𝛽 + 0.36sin𝛽 + fLT1∕cos𝛽
+

1 − cos𝛽√
fLT2

)−2

(66)𝛼 = 0.159
𝜆

De

Re0.64Pr0.4, 2 ≤ Re ≤ 6000

(67)𝛾 = f
(
TF, TE, TC, VCS

)

Table 1  The heat exchanger 

specifications
Item Unit Eva-con Condenser Desali-

nation 

condenser

Type – Plate Plate Plate

Height, H m 4 4 4

Width, Wi m 1.5 1.5 1.5

Clearance, C m 0.005 0.005 0.005

Thickness, t m 0.001 0.001 0.001

Enlargement, 𝜙 – 1.07 1.07 1.07

Equivalent diameter, de m 0.01 0.01 0.01

Thermal conductivity, 𝜆 W  m−1  K−1 15 or 17 17 17

Material – Stainless steel Titanium Titanium
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the existing temperature difference is sufficient to evapo-

rate. Moreover, its high latent heat and low molar mass 

properties result in higher particle velocities which lead 

to smaller pipe sizes [50]. However, ammonia exhibits 

several negative characteristics, such as its pungent odor, 

flammability, corrosiveness, and potential explosiveness 

under specific circumstances. These disadvantages can 

be offset by the excellent thermodynamic performance. 

This is further supported by the findings of Wang et al. 

[49], who reported that ammonia demonstrates the best 

performance in terms of minimum LCOE and exergy 

efficiency. All thermophysical properties such as the 

enthalpy, entropy of each state points are evaluated within 

the framework of REFROP 10.0 based on the National 

Institute of Standards and Technology (NIST) database. 

Furthermore, seawater properties have been replaced with 

water for the purpose of facilitating the analysis. If sea-

water were selected, its thermophysical properties would 

depend on factors such as salinity, dissolved oxygen con-

tents, and non-condensable gases. In this study, we used 

the salinity factor as an input, as it is an essential compo-

nent of Eq. (3). Table 2 outlines the specifications required 

to design H-OTEC + D and H-OTEC.

3  Results and discussion

3.1  Objective function

The evaluation in Fig. 8 focuses on the trend of the objec-

tive function against ΔT between H-OTEC and H-OTEC + D 

systems which are both evaluated at γ1 and γ2. According to 

Fig. 8, it shows that the H-OTEC + D γ2 can be minimized 

by 33% compared H-OTEC γ2 at ΔT of 19 °C. By increasing 

the ΔT, the value of γ2 for both H-OTEC + D and H-OTEC 

reduces gradually. When evaluating using γ1, H-OTEC + D 

exhibits higher value compared to H-OTEC with a slight dif-

ference from 19 until 25 °C. The γ1 for both systems exhibits 

almost equivalent value at ΔT greater than 25 °C. This trend 

demonstrates by accounting both the net power and water 

production power as the products, the value of γ can be sig-

nificantly reduced. For instance, evaluating H-OTEC + D at 

Calculate γ (TF, TE, TC, VCS)

Call subroutine calculation

Check optimum 

value

START

No

Yes

END

Assume TF, TE, TC, VCS

Change TF, TE, TC, VCS

Fig. 7  The simplified flowchart is used in this main program to cal-

culate the minimum value of objective function by means of steepest 

descent method

Table 2  The design conditions for H-OTEC and H-OTEC + D

Item Unit Value

Gross power MW 10

Generator efficiency, 𝜂
G

% 96

Surface seawater temperature, TWSI °C 24, 28, 32

Deep seawater temperature, TCSI °C 3, 5, 7

Turbine efficiency, 𝜂
T

% 80

Warm surface seawater pump efficiency, 𝜂
WS

% 75

Desalinated water pump efficiency, 𝜂
D

% 75

Deep seawater pump efficiency, 𝜂
CS

% 75

Working fluid pump efficiency, 𝜂
WF

% 80

Vacuum pump efficiency, 𝜂
V

% 75

Pipe length of surface seawater, LpWS m 50

Pipe length of deep seawater, LpCS m 800

Diameter pipe of surface seawater, DWS m 5

Diameter pipe of deep seawater, DCS m 5

Non-equilibrium temperature difference, 

NETD

°C 0.3

Stainless steel thermal conductivity, 𝜆
SS

Wm−1  K−1 15

Titanium thermal conductivity, 𝜆
Ti

Wm−1  K−1 17

Salinity, sal Psu 35
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Fig. 8  The comparison involves different objective functions, where 

γ1 represents the conventional objective function, and γ2 is the objec-

tive function that considers water production power for H-OTEC and 

H-OTEC + D
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γ2 is 53% smaller than H-OTEC + D at γ1 due to the higher 

desalinated water production which is calculated in the form 

of water production power. A similar trend can be observed 

between H-OTEC γ2 and H-OTEC γ1, whereby the former 

value can be reduced up to 38% at 19 °C. Such percentage 

gets reduced until 17% as the ΔT increases to 29 °C. There-

fore, as the trend shown in Fig. 8, the capital cost of the 

H-OTEC and H-OTEC + D is smaller when being evaluated 

using the proposed objective function, γ2 compared to the 

conventional objective function, γ1. In addition, this clearly 

shows that γ2 is a more efficient tool to evaluate a H-OTEC 

and H-OTEC + D, but previous research only introduces net 

power as the product by following the conventional manner.

3.2  Power generation

Figure 9 represents the relation between the net power out-

put and water production power against ΔT. In the case of 

net power output, the system evaluated at γ2 shows a lower 

value than γ1. As defined in Eq. (4), the water produc-

tion power is a function of mass flow rate of desalinated 

water. Therefore, an optimization with γ2 maximizes both 

net power and water production power which resulted in 

higher flow rate of desalinated water that originates from 

the higher surface seawater flowrate as shown later in 

Figs. 11 and 12. The highest net power generation around 

5900 kW is by H-OTEC and H-OTEC + D evaluated at γ1 

with temperature difference of 29 °C. It can be observed 

that the H-OTEC + D γ1 is slightly lower than H-OTEC 

γ1 because of the extra pumping power required to oper-

ate the integrated desalination plant. Meanwhile, the net 

power of H-OTEC γ2 increases from 34.97 to 56% of the 

gross power output due to the greater ΔT. However, this 

percentage of net power at γ2 decreases to 24.67 and 51% 

when the desalination plant is powered by the H-OTEC. 

The integration of water production power indeed reduces 

the net power significantly, as can be seen from Fig. 9 

where the H-OTEC + D barely achieve efficiency greater 

than 50%, especially at low ΔT. When assessing the water 

production power, for both H-OTEC and H-OTEC + D 

opposite trend is noticeable where it decreases as the 

ΔT increases. Such phenomenon is due to the decreas-

ing intake of surface seawater as more thermal energy is 

available at higher ΔT. In addition, systems that produce 

higher net power shows smaller water production power. 

For instance, at 19 °C, H-OTEC and H-OTEC + D exhibit 

water production power of 2265 and 4851 kW, respec-

tively. Indeed, it is very crucial to realize that such a trade-

off between net power and water production power exists 

for H-OTEC and H-OTEC + D.

3.3  Desalinated water production

The impact of various objective function affecting the 

desalinated water production at different ΔT is displayed 

in Fig. 10. In Fig. 10a which illustrates the total desalinated 

water production, H-OTEC + D γ2 displays extremely high 

yield at 19 °C but this yield experiences a gradual decline as 

the ΔT increases. This can be attributed to the smaller intake 

of surface seawater flowrate for the system. The declining 

trend also can be observed for H-OTEC + D γ1, H-OTEC γ1 

and H-OTEC γ2. As can be seen from Fig. 10a, H-OTEC + D 

regardless γ1 or γ2 display higher desalinated water pro-

duction than standalone H-OTEC at γ1 or γ2. This origi-

nates from two sources to produce desalinated water: the 

H-OTEC itself and the integrated desalination plant. When 

assessed using the proposed objective function, H-OTEC 

could achieve a maximum increase in water production of 

Fig. 9  The relationship between 

the net power output and water 

production power for H-OTEC 

and H-OTEC + D
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10% compared to the conventional approach. Furthermore, 

the role of objective function shows more significant differ-

ence when it comes to the output of desalinated water by 

stages, as illustrated in Fig. 10b. As depicted in the diagram, 

the term “1st stage” refers to the production of desalinated 

water from the H-OTEC, whereas the term “2nd stage” per-

tains to the output from the integrated desalination plant. 

For H-OTEC + D γ1, the 1st stage yields almost similar 

results as at γ2; however, the 2nd stage for γ1 is tremen-

dously low. Since desalinated water is not considered part 

of the products in γ1, the system aims to maximize the net 

power. This necessitates minimizing pumping power, which 

in turn results in a lower intake flowrate of surface seawater. 

In contrast to the conventional γ1, the proposed γ2 greatly 

influences the desalinated water production from the 2nd 

stage. When transitioning the evaluation from γ1 to γ2, the 

2nd-stage desalinated water production can be augmented by 

up to 400% at 19 °C, with this percentage gradually decreas-

ing to 220% until 29 °C. Nevertheless, this value remains 

considerably higher than at γ1.

3.4  Pumping power consumption

Figure 11 illustrates the distribution of power consumption 

relative to ΔT, assessed at γ1 and γ2 for both H-OTEC and 

H-OTEC + D. This analysis is significant, as it unveils the 

precise allocation of power utilized by individual pumping 

sectors. When examining H-OTEC and H-OTEC + D with 

different γ, it becomes evident that the proposed γ2 configu-

ration entails higher pumping power across all sectors. This 

consequently leads to the notable decrease in net power, as 

depicted in Fig. 9. Among these scenarios, evaluation using 

γ2 requires a greater amount of surface seawater pumping 

power compared to that at γ1, as depicted in Fig. 11b, d. Nev-

ertheless, this elevated pumping power results in a higher 

yield of desalinated water which also leads to a higher desal-

inated water pumping power. Another factor influencing the 

greater contribution of surface seawater to the overall pump-

ing power is the substantial power required for discharging, 

aimed at transporting the brine away from the system. The 

head loss resulting from the difference between atmospheric 

pressure and the pressure of the brine is nearly 10 m. In 

OTEC, given the substantial seawater demand for opera-

tions, this leads to a significant surge in pumping power. In 

terms of the discharge power for desalinated water pump-

ing, although the head loss remains merely at 10 m, the 

mass flow rate accounts for only 1% of the surface seawater 

flowrate, resulting in almost negligible pumping power for 

the overall system. Concerning the vacuum pumping power 

for all systems, it demonstrates a decreasing trend as the 

ΔT increases, as it is dependent on the surface seawater 

as expressed in Eq. (13). In an OTEC system, a higher ΔT 

signifies a greater potential for heat exchange between the 

surface seawater and the deep seawater. To capitalize on this 

increased heat transfer potential, a higher flow rate of ammo-

nia is essential to facilitate increased heat transfer, ensuring 

the system’s efficient operation. Consequently, this leads to 

a rising trend in the pumping power of the working fluid, 

correlating with the larger ΔT.

3.5  Surface and deep seawater flowrate

The relationship between surface and deep seawa-

ter against ΔT is displayed in Fig.  12. In Fig.  12a, b, 

each system’s surface and deep seawater flowrate show 

an increased when is evaluated from γ1 to γ2. With an 
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increase in ΔT, there is a corresponding reduction in both 

surface and deep seawater flowrates. This trend can be elu-

cidated by the fact that a greater amount of thermal energy 

becomes accessible, resulting in a diminished demand for 

seawater flowrate. When evaluating using γ2, the program 

optimizes for the maximum net power generation and the 

production of desalinated water. This results in an ele-

vated surface seawater flowrate, consequently leading to 

an increase in deep seawater flowrate which ensures the 

efficient absorption of heat supplied by the heat source. 

The flowrates of both surface and deep seawater are com-

parable for H-OTEC γ1 and H-OTEC + D γ1. However, 

the latter yields greater desalinated water output as shown 

in Fig. 9a owing to the incorporation of a second-stage 

desalination process. Within the H-OTEC system, the 

flowrate of deep seawater surpasses that of surface seawa-

ter. This phenomenon is due to the necessity of applying 

high discharge pumping power to the surface seawater. 

Moreover, the optimization program aimed to strike a bal-

ance between the flow rates of surface and deep seawater. 

Excessive surface seawater flow could lead to a detrimen-

tal impact on power output. As illustrated in Fig. 11, the 

surface seawater flowrate contributes the most to the total 

pumping power due to the high pumping discharge power 

for the brine. Consequently, an adjustment must be made 

to the program to manage this excessive pumping power 

or otherwise, the system could yield a negative net power 

output.

3.6  Heat transfer area

Figure 13 illustrates a reduction in the total heat trans-

fer area, as well as the heat transfer areas of the eva-

con and the condenser, including the desalination con-

denser, as the value of ΔT increases. In Fig. 13a, for 

H-OTEC system, it clearly shows that γ2 could reduce 

the total heat transfer area by 14% at 19 °C compared to 

γ1. However, as the ΔT increases, the total heat transfer 

area is becoming comparable. This observation indicates 

that γ2 serves as an effective tool for reducing the heat 

exchanger expenses in an H-OTEC plant, concurrently 

enhancing the output of desalinated water. Interestingly, 

when the H-OTEC is integrated with a desalination plant 

and evaluated utilizing γ2, the overall heat transfer area 

remains nearly equivalent to that of H-OTEC γ2, despite 

the incorporation of a third heat exchanger for the desali-

nation process. This phenomenon can be explained by 

the substantial reduction in the total heat transfer area 

for the eva-con and condenser under γ2, as illustrated in 

Fig. 13b. As depicted in Fig. 13c, a noticeable contrast 

is evident between H-OTEC + D at γ1 and γ2 concerning 

the heat transfer area of the desalination condenser. Given 

the low level of desalinated water production output, as 

illustrated in Fig. 10b, the desalination plant does not 

necessitate a substantial heat transfer area for its opera-

tion. Hence, these findings emphasize the potential to 

achieve an H-OTEC + D configuration with nearly iden-

tical heat transfer area to that of a standalone H-OTEC 

system. This adaptation would lead to increased desali-

nated water production, at the expense of diminished net 

power output.

3.7  Desalination ratio

Figure 14 exhibits the desalination ratio against ΔT with 

different objective functions. In this study, the desalination 

ratio is the function of desalinated water produced per sur-

face seawater flowrate. More specifically, it is a measure 

of the efficiency of a desalination system in terms of how 

much fresh water is generated per unit of seawater intake. 

In Fig. 14a, b, the desalination ratio remains nearly constant 

as the temperature difference ΔT increases, hovering around 

0.6%. Despite the enhanced production of desalinated water 

observed in H-OTEC at γ2, the efficiency of the desalination 

system remains unchanged. When comparing H-OTEC + D 

at different γ, it is evident that γ2 shows a higher total desali-

nation ratio of more than 1.2% compared to γ1 which is less 

than 1.0%. A notable distinction is in the desalinated water 

output during the second stage. While γ1 demonstrates a low 

desalination ratio, it experiences a 100% increase when eval-

uated at γ2, surpassing even the first stage output at γ2. Such 

results demonstrate that H-OTEC + D γ2 is more beneficial 

since it indicates a more effective use of resources during 

desalination. Increased ratios can also imply enhanced effi-

ciency of the technology used, resulting in reduced wastage 

of seawater.

3.8  Conclusion

In time, the dependency of fossil fuels for energy can slowly 

be replaced by renewable energy. H-OTEC can provide 

sustainable power generation and freshwater production, 

particularly in archipelagic regions with an existing ocean 

temperature gradient. A novel desalination plant driven 

by renewable energy, such as H-OTEC system, as a new 

cycle for efficient power and desalinated water production 

is established and numerically investigated. Its performance 

is examined and compared with a single H-OTEC setup. 

Furthermore, a novel objective function is introduced which 

accounts for both power output and the yield of desalinated 

water as outputs. Later, a comparison and discussion are 

carried out regarding the impacts of utilizing conventional 

and newly proposed objective functions on the H-OTEC and 

H-OTEC + D systems. The following is a summary of the 

main conclusions:
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(1) The optimization of H-OTEC + D using the proposed 

objective function has been calculated, demonstrating 

greater efficiency than H-OTEC alone. The capital cost 

of H-OTEC + D can be reduced by 33% when evalu-

ated with γ2 compared to γ1. Furthermore, the capital 

cost of H-OTEC + D γ2 is lower than that of a single 

H-OTEC γ2 system. These findings clearly emphasize 

the enhanced efficiency of γ2 as an assessment tool for 

H-OTEC + D.

(2) At the highest ΔT, the net power and desalinated 

water produced by H-OTEC + D γ2 is 5100 kW and 

289 kg  s−1, respectively. While at the lowest ΔT, the net 

power and desalinated water produced by H-OTEC + D 

γ2 is 2467 kW and 443 kg  s−1, respectively. It is impor-

tant to recognize the trade-off between net power and 

desalinated water production.

(3) The proposed objective function, γ2 stands out as 

notably effective in maximizing power generation and 

desalinated water output while reducing the total heat 

transfer area, thus resulting in smaller heat exchanger 

dimensions. In addition, higher desalination ratios for 

H-OTEC + D can also indicate improved technological 

efficiency, leading to reduced wastage of seawater.

It is essential to consider the total power, which includes 

both net power and water production power, when address-

ing locations with a high demand for fresh water using γ2. 

Conversely, in locations where power generation is essen-

tial, prioritizing evaluation with γ1 is recommended. The 
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pumping power required repressurization of brine discharge 

in H-OTEC is significantly high. This is due to the head 

loss caused by the pressure difference between atmospheric 

pressure and brine pressure. Given the substantial seawater 

demand for H-OTEC operations, this leads to a consider-

able surge in pumping power. Future study will conduct an 

analysis and evaluation of the H-OTEC system while con-

sidering latest flash chamber configuration to overcome the 

high pumping brine discharge power.
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