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Abstract
Ocean thermal energy conversion is one of the promising renewable energy resources yet relatively unexplored due to its 
high capital cost for being utilized in commercial scale. In the aim to reduce the capital cost, this paper introduces a concept 
design of the floating structure from a converted oil tanker ship. To propose the design process, the general principles of 
designing a converted tanker FPSO is adapted and then modified to deal with ocean thermal energy conversion (OTEC) 
characteristic. In the design process, the arrangement of the OTEC layout is carried out by constraint satisfaction method and 
the prospective floating structure size is varied using Monte Carlo simulation. The variables in the design process consist of 
the velocities of cold water and warm water transport, the size of the plantship, and the location of the OTEC equipment to 
the seawater tank. Constraints are introduced as allowable border to determine the acceptability for particular case including 
the provided space and buoyancy, and the net power output estimation. The results show that the ‘typical’ size of a Suezmax 
oil tanker ship is the optimum one for the plantship with the velocity of the water transport of 2–3 m/s. The general arrange-
ment is also conceptualized in this paper.

Keywords Ocean thermal energy conversion (OTEC) · Plantship design · Seawater transport velocity · Constraint 
satisfaction method · Monte Carlo simulation

1 Introduction

Ocean thermal energy conversion (OTEC) is a technology 
which utilizes the temperature difference between warm sur-
face water and cold deep water. To be deployed in a viable 
and effective way, the temperature gradient between surface 
and subsurface should be more than 20 °C [1]. With the sur-
face temperature of about 25 °C and deep cold water of 5 °C, 
reduced by the efficiency of OTEC equipment, the efficiency 
of the Rankine cycle of this system was only about 3–5% [2]. 

Ammonia was selected as the working fluid due to its low 
boiling point which allows it to transform into gas and liquid 
phases with a small temperature difference [3, 4].

Nowadays, with the state-of-the-art OTEC system tech-
nology, the Rankine cycle efficiency of the OTEC system 
is predicted to be still around 6–7% [5]. Additionally, the 
system requires around 30% of the gross energy product to 
maintain the process especially used for pumping system. 
The necessity of very high capital investment is also a reason 
why this technology gets stuck on the pilot project [6].

Literature survey on OTEC cost estimation resulted in 
very limited resources which were mainly evaluated by Vega 
and Lockheed Martin [6–13]. It was first assessed by Vega in 
1990 resulting in a statement that the required cost per kW 
decreases as much as how bigger the capacity of the power 
plant is as presented in Ref. [7]. It indicates that developing 
a OTEC power plant in commercial scale is more cost-effec-
tive compared with the small scale. Completing the capital 
cost estimation for 100 MW-net capacity, in 2003, Vega 
included the effect of the offshore distance to the estimation 
yielding the result of how the capital cost would increase 
with an inclusion of the offshore distance [8].
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Updating the previous estimation, Vega recalculated the 
required capital cost in 2010 also considering the recent 
development of OTEC system technology and its implica-
tion on the OTEC system costs [9] and then attempting to 
reduce the capital cost using the project fund management 
scenario [6]. Enhancing the cost estimation procedures 
proposed by Vega, in 2012, Lockheed Martin evaluated 
the cost estimation for the whole life cycle of commercial 
OTEC power plant associated with long-term operation, for 
100 MW, 200 MW and 400 MW capacity [10]. The results 
of the cost estimation done by Vega and Lockheed Mar-
tin are also highlighted in several papers [11, 12]. Gather-
ing information from those studies related to the present 
paper, some points can be highlighted as follows: (1) for 
a OTEC power plant with capacity more than 50 MW, a 
floating structure is economically feasible; (2) the required 
capital cost for building a 100 MW OTEC power plant is 
approximately about 8000 USD/kW which is much higher 
compared with other renewable energies; (3) the cost of heat 
exchanger and floating vessel takes the biggest portion of the 
total cost which is about 21% for heat exchanger and 22% 
for the floating vessel.

There are limited design concepts for OTEC floating 
structure available. Some of the proposed designs are just a 
sketch without appropriate detailed explanations of how the 
arrangement is set [6, 8, 13]. At the beginning of the early 
stage study, several projects were carried out to analyze the 
must-have characteristic of OTEC power plant both for land-
based and offshore plants [14–17]. A more detailed early 
stage design of a floating OTEC power plant was proposed 
by George and Richard [18]. There are two types of float-
ing structure which are moored barge and grazing barge. 
Both of them can be used for a 40 MW-net OTEC power 
plant. Offering a more detailed consideration yet remaining 
conventional, Vega conceptualized a barge-type floating ves-
sel made from concrete with 250 m length, 60 m breadth, 
28.5 m height and draft of 20 m [13].

By the end of twentieth century, due to the rapid develop-
ment of other energy resources such as nuclear power plant 
and coal power plant, the interest in the OTEC development 
declined [12]. During this period, the improvement of the 
OTEC floating structure did not show any significant pro-
gress except the introduction of semi-submersible and spar-
type OTEC floating structure by Avery and Wu [19]. In the 
early 2010s, the rising concern of green energy issues made 
other sources of renewable energy get more attention. After 
recovery of the OTEC interest, some new ‘modernized’ OTEC 
floating structures have been proposed. Vega suggested a new-
built ship-shaped floating structure for 50 MW-net OTEC 
power plant [3], Yee designed a very large floating structure 
for OTEC application [20] and Lockheed Martin suggested a 
grid-connected floating structure type [10]. These new float-
ing structure concepts are to ensure the safety of the floating 

structure. Because the designs are made of steel, the new float-
ing vessel’s cost is higher compared with the conventional one.

Srinivasan also attempted to reduce the capital cost 
through new design concepts. He designed a floating struc-
ture with J-spar type, tensioned-leg platform type and 
semi-submersible type. Even though the new designs were 
claimed to be successfully decrease the required size of the 
floating vessel, the decrease of the floating vessel cost was 
only about 10% compared with the barge type [21]. This 
number is appreciable, but it is still necessary to create a 
more cost-effective design.

In the terms of safety, the capital cost is not the only con-
cern. The proposed floating vessel must be able to sustain 
the applied load from both external and internal. The con-
figuration must meet the requirements of the OTEC system 
as well as the convenience of the workforce.

To overcome the addressed issues, this paper aims to 
design and conceptualize a plantship for a OTEC floating 
structure with the target of 100 MW-net electricity. Con-
sidering the success of building FPSO from an oil tanker 
conversion, its design philosophy is adopted to propose the 
floating structure for OTEC application. It has been already 
practically well known that converting an oil tanker ship 
has some benefits compared with the new-built structure. 
The two main motivations which persuade to utilize a con-
verted oil tanker ship are cost saving benefit and shorter 
delivery time [22, 23]. Additionally, to reduce the capital 
cost and parasitic loss energy, this paper also evaluates the 
most optimum size of the plantship and the arrangement 
of the OTEC system. To ensure the safety of the plantship, 
the general arrangement is designed following the guidance 
notes of OTEC floating structure regulation issued by a clas-
sification society [24].

The authors and other researchers made an introductory 
assessment about the most suitable type of oil tanker to be 
converted as the plantship [25]. Due to lack of the on-site 
data, the results were roughly focused on the required space 
and buoyancy without considering the installation of major 
OTEC system equipment. However, to bring the technology 
into commercial scale, it must be profitable, appealing for 
the investment and ensuring that all the system works. Thus, 
the performance of the whole electricity power generation 
system must be evaluated using the actual data on the site. 
To deal with that issue, the on-site experiment was also con-
ducted to measure the environment of the work and then the 
data are used as the basic input for the design requirements.

2  OTEC system

Figure 1 shows the component and process of OTEC cycle. 
Basically, OTEC system has four main components which 
are heat exchanger, working fluid, turbine generator and 
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pumps. The warm seawater passes through the evaporator 
providing heat to the working fluid, in this case ammonia, 
then the working fluid will form into gas phases. The vapor-
ized ammonia is pumped to drive the turbine and produces 
the electricity using generator. After that, low-pressure 
working fluid will be condensed into liquid form using the 
cold water pumped from deep water. To maintain the cycle, 
the liquid ammonia will be pumped back to the evaporator. 
This cycle is repeated continuously [3].

3  Design method

The efficiency of the power plant does not only depend on 
the efficiency of the major components, but also its arrange-
ment and installation [2]. Figure 2 shows the design flow-
chart. There are two main processes. Initially, Monte Carlo 
simulation is used to vary the possible size of the oil tanker 
ship and then for each size of the proposed plantship, the 
constraint satisfaction method is employed to optimize the 
OTEC system. These two flow design processes are corre-
lated in the calculation of net power output.

Constraint satisfaction method is a method used to narrow 
down a very large possible solution considering the imposed 
constraints [26]. The purpose of this particular step is not 
defining the best size of the plantship but rather than catego-
rizing whether the specific size of the plantship is accept-
able, rejected or even overdesigned based on the constraints. 
Thus, the recommended size of the oil tanker is in range 
between bottom and upper limit which are determined by 
the constraints. This study also examines the effects of the 
position of the OTEC equipment on the required work of 
pumping system.

There are three types of parameters imposed in the 
design process named as fixed variables, independent 

variables and constraints. Fixed variables are the param-
eters which are kept constant during the iteration. These 
parameters entail the environment data of the site and the 
target of net power output. Independent variables are the 
parameters which varied during the analysis including the 
size of the plantship, the velocity of seawater transport and 
the location of the OTEC equipment to the seawater tank. 
Constraints are variables set as a limitation during the pro-
cess to ensure the acceptability of the cases. In Fig. 2, the 
constraints are shown in the dotted rectangular shape.

The constraints imposed in this step are constraint due 
to abrasion phenomena on the seawater pipe, constraint 
due to seawater flow inside seawater tanks, loss of energy 
due to pumping system and freeboard allowance. After 
procuring the size of the plantship, the constraint satis-
faction method is also used to determine the placement of 
the OTEC system equipment and the compartmentation 
of the plantship. The constraints include the stability and 
trim condition.

In Fig. 2, the number inside the parenthesis denotes the 
procedure order which is also identical to the numbering in 
the following explanations. In the design process, initially 
the on-site experiment was conducted to measure the surface 
temperature and gradient temperature decrease at substantial 
depth. The measurement was done until the temperature dif-
ference between the surface water and deep water reached 
more than 20 °C (1). From these data, the required gross 
power for yielding 100 MW-net electricity and the required 
length of the risers can be assessed (2).

After acquiring the input design conditions, the constraint 
satisfaction method was applied. The first step is determin-
ing the required seawater debit (3). By keeping the seawater 
debit constant, the required diameter of the risers is calcu-
lated for various seawater transport velocities. The limitation 
of the seawater transport velocity is determined by the con-
straint due to abrasion phenomena on the pipe (4). Knowing 
the length and diameter of the risers, its required thickness 
is estimated considering the properties of the chosen mate-
rial. Then, the dry weight and wet weight of the risers are 
estimated to be included in total weight calculation (5).

To deposit the seawater before being delivered to the heat 
exchanger or spilled out back into the ocean, the seawater 
tanks are required to be installed. As the seawater transport 
brings huge momentum which may trigger excessive pres-
sure acting on the seawater tanks, it is important to analyze 
the fluid phenomena inside the tanks and use the results 
as constraints to design the seawater tanks. This simulation 
is done using Ansys inc. interface software. The result of 
the analysis is the dynamic pressure acting on the seawater 
walls. Summing up the dynamic pressure obtained from the 
simulations and static pressure adopted from classNK, the 
total pressure can be evaluated. The obtained total pressure 
then will be compared with ClassNK regulation for tank Fig. 1  The process of OTEC cycle
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installation codes. Employing the comparison result, the 
required size for seawater tanks can be decided for various 
velocities of seawater transport (6).

Targeting net electricity product of 100 MW with 30% 
energy loss as the constraint, the major OTEC components 
including heat exchanger, turbine generator and pumps are 
determined (7). The capacity and dimensions of the com-
ponents are adopted from a well-established manufacturer. 
This particular step informs the numbers, required space and 

required weight of major OTEC components (8). The next 
steps are estimating the volumetric space and weight of the 
working fluid (9) and supporting systems (10). By adding 
the required capacities of risers, seawater tanks and major 
OTEC components with 20% spare for additional equipment, 
the total required volumetric space and buoyancy can be 
computed.

Separately, Monte Carlo simulation is used to vary the 
prospective size of the plantship. There are four types of 

Fig. 2  Design process



52 Journal of Marine Science and Technology (2020) 25:48–68

1 3

plantship including Aframax, Suezmax, VLCC, and ULCC. 
The first step is defining the statistical parameters of the 
plantship dimensions which cover the length, the breadth, 
the draft, and block coefficient of the plantship (11). For 
each type, 250 sets of plantship dimensions are generated 
(12). For every single dimension set, the provided space and 
buoyancy capacity are estimated (13).

Comparing the provided capacities with the required 
capacities obtained previously from constraint satisfaction 
method procedure (15), the acceptance for particular plant-
ship dimension will be determined based on the constraint 
due to freeboard allowance (16). If the provided capacities 
are not enough to cover the required one, the case will be 
rejected. If the plantship has enough space and buoyancy, 
the process will continue to the arrangement of OTEC major 
components.

Adapting the common design practice of cargo hold for 
oil tanker ship [27, 28], the space for OTEC system compo-
nents is set to be 80% of the total plantship length locating 
from forepeak bulkhead to after the peak bulkhead. On the 
deck at the designated draft, the major OTEC components 
are arranged considering its required space and the piping 
diagram. The arrangement is done based on the condition 
where the heat exchanger is located next to seawater tanks 
and above the seawater tanks. The space for heat exchanger 
is estimated by reducing the provided space for OTEC com-
ponents with the required space for seawater tanks.

From the arrangement, the length of the pipeline, the joint 
configurations, elbowing, bending of the pipeline and other 
piping layout parameters can be approximated to get the 
coefficients for calculating the pressure difference. The total 
pressure difference will be used to get the required pump 
works (14). The net power output can be obtained by reduc-
ing the gross power with the required pumps works. This 
process is repeated for all plantship dimensions and for two 
OTEC system arrangement layouts (17).

Taking into account the constraint due to abrasion phe-
nomena on the pipe, seawater flow inside seawater tanks, 
loss of energy due to pumping system, and freeboard allow-
ance, the case can be concluded whether it is rejected, rec-
ommended or even overdesigned (18). After defining the 
size of the plantship, a set of scantling is picked up from the 
range to design the general arrangement (19). The details for 
each step are broken down in the following sections.

4  Independent variables

4.1  Size of the plantship

In the previous study done by the authors, several types of 
oil tanker ship have been examined to get the best size for the 
conversion. The size of the plantship was set to be constant 
based on several types [25]. However, in the real condition, 
it is merely hard to find the exact size of the plantship. Thus, 
the size of the plantship in this study is varied using Monte 
Carlo simulation. The stochastic data including the mean 
value of the size is adopted as reported from [29, 30] and the 
variance of the data is assumed to follow normal distribu-
tion. The mean value of the statistical data of the plantship is 
shown in Table 1. Referring the statistical parameters, 1000 
sets of data of ship are generated, analyzed and then classi-
fied to find the acceptability for the conversion.

4.2  Velocity of seawater transport

The velocity of seawater transport is the base value to deter-
mine the size of the risers and seawater tanks. With constant 
required seawater debit, the higher velocity will make the 
size of the riser smaller. But high water transport velocity 
will cause additional dynamic pressure acting on the riser 
and the seawater tanks. Initially, the velocity of seawater 
transport through the riser is varied from 2 to 6 m/s with 
increment of 0.5 m/s. During the iteration process on the 
constraints’ analysis, the velocity of seawater transport 
above 4 m/s caused a tremendous amount of pressure on 
the top part of seawater tank. Here onwards, the considered 
velocity is limited from 2 to 4 m/s.

4.3  Location of OTEC system to the seawater tanks

The placement of the heat exchanger and turbine genera-
tor will affect the piping system which covers around 30% 
of total energy loss. In this analysis, the OTEC system 
is placed either above the seawater tank or next to the 
seawater tank. If the heat exchanger is located next to 
the seawater tank, the seawater flow direction is parallel 
to the heat exchanger. This makes the energy loss due 
to pumping system less, but the required width of the 

Table 1  Statistical parameters 
of ‘typical’ dimension of an oil 
tanker ship [29, 30]

Type Length Breadth Draft Block coefficient

Mean (m) COV (%) Mean (m) COV (%) Mean (m) COV (%) Mean (m) COV (%)

Aframax 245 12 34 10 16 2.5 0.834 2
Suezmax 285 15 50 11 23 4 0.84 2
VLCC 330 15 55 12 28 5 0.852 1
ULCC 415 16 63 12 32 5 0.86 1
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plantship will be larger. On the other hand, if the heat 
exchanger is located above the seawater tank, the pump-
ing system will require more energy to pump up the sea-
water to the heat exchanger, but the compartmentation, 
construction and maintenance will be easier to do. The 
sketch of the piping diagram is shown in Fig. 3 for OTEC 
system equipment above seawater tanks and Fig. 4 for 
OTEC system equipment next to seawater tanks.

5  Fixed variables

5.1  Location of the site

Having a tropical ocean, small temperature variation 
throughout the year and relatively calm seawater make 
Indonesia one of the countries having a huge potential for 
OTEC development [1]. The potential of OTEC develop-
ment has been studied by several researchers all around 
the country. Jaswar Koto et al. stated several locations in 
Indonesia where harvesting OTEC in commercial scale is 

Fig. 3  Piping diagram where 
heat exchanger is above seawa-
ter tanks

Fig. 4  Piping diagram where 
heat exchanger is next to seawa-
ter tanks
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possible as shown in Fig. 5 [31–33]. Region A is Siberut 
island located in West Sumatra, region B is North Sulawesi, 
region C is Morotai island, region D is West Papua, region 
E is Buru island and region F is Seram island. Koto et al. 
did a study on 100 kW of ocean thermal energy conversion 
in Karangkelong, North Sulawesi, Indonesia [34]. Consid-
ering the number of population and regional development, 
Siberut island (S01°34.660, E099°14.443) was chosen as 
the research site.

An on-site experiment was conducted to measure the tem-
perature profile to a substantial depth. It was conducted from 
15th to 20th August 2017. The result is shown in Fig. 6 [35]. 
This result is used to determine the surface and deep water 
temperature and the required length of cold water pipe. As 
shown in Fig. 6, the temperature difference between surface 
and deep water is more than 20 °C at the depth of 700 m. 
The warm surface water temperature of Indonesia’s ocean 
is affected by the monsoon cycle. The southwest monsoon 
influences the dry season from June to October and the 
northwest monsoon causes the rainy season from November 
to March. The difference of the surface water temperature 
between the peak of rainy season and the peak of dry sea-
son in Mentawai island is about 2 °C [36]. To bear with the 
uncertainties, the cold seawater will be brought up from a 
water depth of 800 m with consideration that the temperature 
difference between surface water and water depth of 800 m 
is above 20 °C for both dry and rainy seasons.

5.2  Required flow rate

Nihous proposed a standard temperature ladder during the 
OTEC process [37]. From the scheme drawn in Fig. 7, the 
gross electrical power Pg can be written as:

where � is the density of seawater in kg/m3, c is the specific 
heat of seawater, as 4 kJ/kg K, Qcw is cold water flow rate in 
 m3, Tw is the temperature of warm surface water in K, ΔT  
is the temperature difference between warm water and cold 
water in K, �tg is the turbine generator efficiency and � is the 
ratio between warm water and cold water flow rate.

The next step is breaking down the equation of gross 
power output into net power output equation. The loss of 

(1)Pg =
3�cQcw��tg(ΔT)

2

16(1 + �)Tw
,

Fig. 5  Prospective sites for OTEC development in Indonesia [32]

Fig. 6  Temperature profile of the site
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energy is mainly due to power consumption to transport the 
seawater through an OTEC system. This parasitic power 
consists of two main parts. The first part is the energy to 
sustain the given deep seawater flow rate as 18% Pg at design 
and the second is the loss of energy which varies if � is 
adjusted, e.g., {0.12(�∕2)2.75} times Pg at design [8]. From 
the simplified theory above, the net power output can be 
calculated as:

By setting up the value of � equal to 2 and assuming 
that the absolute seawater temperature is fairly constant 
( T ≅ Tdesign ), the parasitic power can be represented as a 
decrease of {0.3ΔT2

design} imposed on ΔT  in Eq. 2 [37]. 
As stated in [37], typical OTEC plant configurations con-
sume about 30% of Pg . Inputting the value of warm and cold 
surface temperature from on-site experiment data, it cor-
responds to a total deep water flow rate of 2.3 m3/s per MW 
(net) at design condition � equal to 2. In this research, the 
addressed net power output is 100 MW. Thus, the required 

(2)
Pn =

�cQcw�tg

8Tw

(

3�(ΔT)2

2(1 + �)
− 0.18(ΔTdesign)

2

− 0.12(�∕2)2.75(ΔTdesign)
2
)

.

flow rate will be 235 m3/s for cold seawater and 470 m3/s 
for warm seawater. The required flow rate is kept constant 
during the design process.

5.3  Required OTEC system equipment

5.3.1  Risers’ design

The risers are utilized to transport seawater from the ocean 
to the seawater tank and vice versa. There are four risers sus-
pended on the bottom of the plantship which are inlet cold 
water pipe, outlet cold water pipe, inlet warm water pipe and 
outlet warm water pipe. The thickness was estimated using 
the approximation formula for riser of oil and gas explora-
tion [38]. The features of the cold water pipe were adopted 
here as reported in [13] which are also used in [25]. The 
cold water pipe (CWP) is made of a fiberglass-reinforced 
plastic sandwich construction with a laminate density of 
4125 kg/m3; the density of syntactic foam of 1015 kg/m3; 
modulus of elasticity of 13,776 MPa; and flexural rigidity 
of 2.89 × 1011 N m2. The result of the estimation is shown 
in Table 2.

5.3.2  Heat exchanger, turbine generator and pumps

In the present study, the system and its components of the 
heat exchangers are simply adopted. Uehara and Ikegami 
found that plate-type heat exchanger is the best fitted for 
OTEC [2]. Thus, this study adopted the compact plane-fin 
heat exchanger developed by Argon National Laboratory, 
USA. The core dimensions of this compact plane-fin heat 
exchangers are 6.1 m (L) × 1.2 m (B) × 4.6 m (H) [3, 39]. To 
produce 4 MW-gross power, four heat exchanger cores are 
required to assemble the submodules. With assumption that 
the energy loss is about 30% of the total gross power, 36 
evaporator and condenser submodules must be integrated 
to get 100 MW-net.

The technology of turbine generator was developed in 
the market and is available from a well-established manu-
facturer [3]. The maximum capacity is about 15 MW-gross 
with dimensions 12 m (L) × 8 m (B) × 5 m (H). Totally, nine 
turbine generators are required.

Fig. 7  Nihous’ temperature ladder model during OTEC process [37]

Table 2  Main dimensions of 
the risers

Riser Length (m) Average 
thickness 
(cm)

Thickness of fiber-
glass layer (cm)

Thickness of 
syntactic foam 
(cm)

Cold water inlet (CWP inlet) 800 16 2 14
Cold water outlet (CWP outlet) 40 8 0.8 7.2
Warm water inlet (WWP inlet) 20 6 0.5 5.5
Warm water outlet (WWP outlet) 40 8 0.8 7.2
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The pumps used to transport the seawater and working 
fluid are also inputs from a manufacturer [40]. The capacity 
per unit pump is 18,000 m3/h. The core dimensions of the 
pump are 9 m (L) × 3.5 m (B) × 6 m (H) including motor and 
3.5 m lifting height. The volumetric space of heat exchanger, 
turbine generator, and pumps is listed in Table 3. It depends 
on the location of heat exchanger and turbine generator to 
the seawater tank.

6  Constraints

The constraints induced in this design procedure can be cat-
egorized into two functions. The constraints due to abrasion 
phenomena on the pipe, seawater flow inside seawater tanks, 
loss of energy due to pumping system and freeboard allow-
ance are used to determine the size of the plantship. The 
constraints due to stability and trim condition are utilized 
to design and conceptualize the general arrangement of the 
plantship.

To minimize the required length of the submarine cable, 
the plantship is floated on the ocean where its local depth is 
more than the required but close to the shore as near as pos-
sible. Thus, the distance between seabed and the intake of 
cold water pipe is relatively close. The deep seawater trans-
ported along the seawater pipe will contain sand particles. 
The friction between the pipe and the seawater will wear 
the surface of the pipe. The excessive velocity of seawater 
transport may cause material degradation which can gradu-
ally trigger the failure relating to the piping’s integrity. The 
abrasion phenomena are imposed on the design procedure 
to limit the allowed velocity of the seawater transport. The 
erosive wear equation is adopted from [41]. The estimation 
yields a result that by setting up the lifetime of the cold water 

pipe of 25 years, the critical velocity of seawater transport is 
3.7 m/s. This result is also stated in the previous study [25].

The seawater will be stored in the seawater tank before 
distributed to the heat exchanger. As calculated in Sect. 5.2, 
the required debit of the seawater is so large. This amount of 
seawater flow rate coming up from the outlet seawater pipe 
with certain velocity will convey massive momentum. At 
this point, analyzing the flow inside seawater tank is very 
crucial. The result of this particular analysis will be used as 
the constraint to decide the size of the seawater tanks. The 
analysis will be done using a commercial software named 
Ansys interface. The detail will be explained in Sect. 6.1.

The next constraint is due to loss of energy for the pump-
ing system. This constraint is to decide the arrangement of 
the OTEC system including the heat exchanger, turbine gen-
erator and the pumps. The arrangement plan will be used 
to estimate the required space and buoyancy of the OTEC 
system. The details of the pumping power estimation and the 
net power output calculation will be described in Sect. 6.2.

By comparing the required buoyancy and space with the 
provided capacities, the acceptance of a particular set dimen-
sion of a plantship can be determined. This constraint is 
named as the constraint due to freeboard allowance. The 
space for OTEC system equipment including the seawater 
tanks will be located between forepeak bulkhead and after 
peak bulkhead. The required space depends on the size of 
seawater tanks which are decided by the constraint due to 
seawater flow inside seawater tanks and by the arrangement 
of the OTEC system equipment which is yielded from the 
constraint due to pumping power. In the case of the required 
buoyancy estimation, it will be broken down specifically in 
Sect. 6.3.

After obtaining the possible size of the plantship, the next 
step is setting the general arrangement. To ensure the safety, 
constraints due to stability and trim condition are imposed 

Table 3  Volumetric space of heat exchanger and turbine generator

Items Total Units Volumetric spaces

Turbine generator 9 units Core dimension 12 m (L) × 8 m (B) × 5 m (H)
Total dimension 30 m (L) × 40 m (B) × 6 m (H)

Evaporator and condenser 36 submodules each Heat exchanger is located above seawater tanks
 4 MW-gross assembly 6.1 m (L) × 5 m (B) × 5 m (H)
 4 MW-gross assembly including flanges 10 m (L) × 8 m (B) × 8 m (H)
 Total dimension 100 m (L) × 40 m (B) × 8 m (H)

Heat exchanger is located next to seawater tanks
 4 MW-gross assembly 6.1 m (L) × 2 m (B) × 8 m (H)
 4 MW-gross assembly including flanges 10 m (L) × 4 m (B) × 13 m (H)
 Total dimension 100 m (L) × 10 m (B) × 8 m (H)

Pump 150 units Warm water pump, 100 units 100 m (L) × 40 m (B) × 6 m (H)
Cold water pump, 50 units 50 m (L) × 40 m (B) × 6 m (H)
Total dimension 150 m (L) × 40 m (B) × 6 m (H)
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to the design procedure. This analysis is also to assess the 
necessity of ballasting system. The method for analyzing 
the statistic stability is adopted from [27] and then modi-
fied to take into account the effects of riser installation. To 
ensure that the floating structure has adequate stability, IS 
code is adopted as the parameters’ guidance [24]. For trim 
estimation, the calculation process is done referring [28]. 
The common understanding is that plantship trim less than 
1% of LPP is recommended.

6.1  Size of seawater tank

If the wall of seawater tank does not have adequate distance 
from the riser, the wall will be subject to pressure caused 
by seawater momentum delivered during the transportation. 
As the plantship is converted from an existing structure, the 
applied load must not exceed the design load at the initial 
design condition. The total applied pressure consists of static 
pressure loading and dynamic pressure loading. The static 
pressure loading formulation is adopted from ClassNK regu-
lation [42] and the dynamic pressure loading is obtained 
from Ansys interface simulation using Ansys CFX and 
Ansys Structural [43–45]. The total applied pressure is then 

compared with the allowable pressure acting on the wall of 
the seawater tanks adopted from ClassNK regulation.

The second constraint is the area of seawater tank, Aswt , 
compared with the cross-section area of the risers, Ar . Insuf-
ficient area of seawater tank in a ceratin level of seawater 
transport velocity will increase the pressure difference in 
the pumping system calculation as shown in Eqs. 5 and 12. 
The simulation is carried out by varying the value of Aswt∕Ar 
from 10 to 50 with an increment of 5.

The case configuration for the Ansys interface simulation 
and required pumping power estimation due to change of 
area of seawater tank is listed in Table 4. The details of the 
analyzed dimension of seawater tank are drawn in Fig. 8. 
Results intended from this particular analysis are the mini-
mum distance between riser and side wall of seawater tank, 
d , minimum height of the tank, Ht , and minimum area of 
the tank, Lt × Bt.

The Ansys interface simulation refers to the coupled anal-
ysis between computational structural mechanics (CSM) and 
computational fluid dynamics (CFD). The input data initially 
is set using CFD in the inlet and outlet boundary conditions. 
The CFD simulation then brings the loads from the fluid 
dynamics to the structural analysis. In the modelling pro-
cess, the structure is divided into three parts which are inlet 
pipe, outlet pipe and tank walls. The inlet pipe imitates the 

Table 4  Case configuration for 
seawater tank size analysis

Dimension Variation of scantling Variation of seawater velocity Fixed variables Total cases

Min Max Increment Min Max Increment

H
t

8 m 19 m 1 m 2 m/s 6 m/s 1 m/s d= 20 m
A
swt

∕A
r
= 5

60

d 5 m 25 m 5 m 2 m/s 4 m/s 1 m/s h= 18 m
A
swt

∕A
r
= 5

15

A
swt

∕A
r

5 50 5 – d= 20 m
h = 18m

10

Fig. 8  Seawater tank dimen-
sions
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seawater pipe and the outlet pipe is used to model the pipe 
connecting seawater tanks and heat exchanger. However, to 
model the whole length of cold water pipe is simply impos-
sible due to software license limitation. Thus, the inlet pipe 
only covers the 1 m upper part of the cold water pipe. The 
effect of the shortened inlet pipe model is taken into account 
in the boundary definition process.

Because the main purpose of the simulation is to measure 
the pressure acting on the wall of seawater tanks, the wall of 
the tanks is modeled as rigid wall which means the shape of 
the seawater tanks remain the same during the simulation. 
The convergence analysis is also carried out to define the 
optimum mesh size. The details of the model scantling are 
listed in Table 4. The boundary condition of the system is 
numbered as shown in Fig. 9 and detailed in Table 5. The 
environment setting is set so that the velocity of seawater 
transport at the inlet is same as the designed case.

Figure 10 shows the sample result for analyzing the 
minimum distance between riser and sidewall of the tank. 
In the sample model, the distance between riser and side-
wall of the tank is 20 m and the velocity of the seawater 
transport is 2 m/s. As the model has symmetrical scant-
lings, the pressure distribution for all side walls is identic. 
Figure 10 only shows one part of the sidewall tank. The 

critical region is rendered in red and pointed inside the 
cycle. In the ClassNK regulation for designing fluid tanks, 
the rule states that the maximum allowed pressure acting 
on the whole surface of the wall should not be more than 
the value defined by the regulation. Thus, the maximum 
value of the pressure distribution is taken as the dynamic 
pressure. This procedure is repeated for all other cases. 
The collective results will be discussed in the following 
section.

6.2  Net power output product

Equation 2 is built by assuming that the pumping system 
will use about 30% of gross energy product. As the pump-
ing system is affected by the layout, it must be analyzed 
considering the general arrangement plan of the plantship. 
The elements of the pumping system such us piping dia-
gram, flange position, piping elbow and other elements 
must be set so the required pumping powers do not exceed 
the assumption. Basically the pumping system embodies 
warm seawater pumping system, cold water pumping sys-
tem, and working fluid pumping system. The equation to Fig. 9  Boundary condition for Ansys interface simulation

Table 5  Details of the boundary 
condition for Ansys interface 
simulation

No. Part of the model Boundary condition Input data

1 Inlet surface of the inlet pipe Inlet Velocity of seawater transport
2 Wall of the inlet pipe Rigid wall –
3, 4, 5 Wall of the seawater tanks FSI interface Load received from structural analysis
6 Wall of the outlet pipe Rigid wall –
7 Outlet surface of the outlet pipe Opening Fluid pressure received from fluid 

dynamic analysis

Fig. 10  Sample of numerical result for distance between riser and 
sidewall of 20 m with seawater transport of 2 m/s
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calculate the loss of energy due to pumping system has 
been explained in detail in [2]. The schematic OTEC plant 
proposed in [2] does not have seawater tanks’ installation. 
Thus, the equation to calculate the total pressure difference 
adapted from [2] has been modified in this present study to 
involve the pressure drop on the seawater tanks.

6.2.1  Working fluid pumping power

The working fluid pumping power Ewf is given as [2]:

mwf is working fluid mass transported along the pipe. This 
mass change depends on its form during the cycle. g is the 
gravity acceleration. �wfp is the efficiency of the working 
fluid pump. ΔPwf is the total pressure difference of the work-
ing fluid piping modified from [2] as:

(ΔPwf)S is the saturation pressure difference between con-
denser and evaporator as [2]:

where �wf is the density of the working fluid.
(ΔPwf)p is the pressure difference of the working fluid 

along the pipes [46]. This pressure difference relies on the 
piping diagram which is a sum of the pressure difference on 
the straight pipes (ΔPwf)SP and the bending loss (ΔPwf)B . It 
simply can be defined as [46]:

 where

Lwf is the length of working fluid pipe, Dwf is the diameter 
of the working fluid pipe, Vwf is the velocity of the working 
fluid and Cwf is the roughness coefficient of the pipe:

� is loss coefficient and the indexes are I for inlet, V for 
valve, S for separating, J for joint, O for outlet, E for elbow, 
D for diffuser, and R for reducer. These loss coefficients 
are referred from the reference [46]. These coefficients are 
not a single value. They are calculated based on the several 
parameters which vary depending on the local partitions. For 
example, calculating the loss coefficient due to joint connec-
tion, �J , it is required to consider the type of the connection, 
the direction of initial flow, and the elongation angle of the 
joint connection. Thus, the value of �J for joint connection 
between pipes from seawater tank to the heat exchanger, 
from heat exchanger to the turbine, and other pipe connec-
tions will be different. Additionally, although the philosophy 
of the calculation is same, but the calculation depends on the 

(3)Ewf = mwfΔPwfg∕�wfp,

(4)ΔPwf = (ΔPwf)S + (ΔPwf)p + (ΔPwf)c,

(5)(ΔPwf)S = (PE − PC)∕�wfg,

(6)(ΔPwf)p = (ΔPwf)SP + (ΔPwf)B,

(7)(ΔPwf)SP = 6.82Lwf∕Dwf
1.17(Vwf∕Cwf)

1.85,

(8)
(ΔPwf)B = (�I + �V + �S + �J + �O + �E + �D + �R)Vwf

2∕2g,

piping configuration, and the concrete values of these loss 
coefficients cannot be literally referred to the other cases.

(ΔPwf)C is the pressure difference of the working fluid 
inside the condenser. This pressure difference can be read 
as [2]:

�C is the coefficient which depends on the Reynolds num-
ber of the working fluid inside the condenser, Rewf as 
6.19 × 106Rewf

−1.21 , lC is the length of the condenser plate 
and (Deq)C is the equivalent diameter of the condenser.

6.2.2  Seawater pumping power

Seawater pumping power Esw consists of warm water pump-
ing power Eww and cold water pumping power Ecw . The 
philosophy and principle to calculate the required work for 
both are the same. Here the general equation to calculate the 
required pumping power for seawater is broken down. To 
transform the equation, the index sw is just simply changed 
to ww for warm water pumping and cw for cold water pump-
ing. The seawater pumping power Esw is calculated as [2]:

msw is seawater mass transported along the pipe. �swp is the 
efficiency of the seawater pump. ΔPsw is the total pressure 
difference of the seawater piping modified from [2] as:

(ΔPsw)p is the pressure difference of the seawater pipes, 
(ΔPsw)E is the pressure difference of the working fluid 
inside the heat exchanger [2]. The procedure to calculate 
these pressure differences is the same as the equation for 
calculating the pressure difference for the working fluid as 
stated in Eqs. 6–9.

(ΔPsw)SWT is the depth of seawater on the tanks trans-
ported per 1 second.

In the case of cold water pumping system, the pressure 
difference calculated in Eq. 11 is added by the pressure dif-
ference due to density change between warm water and cold 
water as seen in [2]:

�ww is the density of warm water sea and �cw is the density 
of cold water sea.

6.3  Required buoyancy

The required buoyancy is the total weight of the structure 
and all equipment with the added margin of 5% to bear the 

(9)(ΔPwf)C = �C × Vwf
2∕2g × lC∕(Deq)C,

(10)Esw = mswΔPswg∕�swp,

(11)ΔPsw = (ΔPsw)p + (ΔPsw)E + (ΔPsw)SWT.

(12)(ΔPcw)D = lcw −
1

�cw

(

1

2
(�ww + �cw)lcw

)

,
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uncertainties. The total weight of the plantship can be bro-
ken down into two main parts which are the weight of the 
OTEC system equipment and the weight of the supporting 
system. The supporting system refers to all part of the plant-
ship which does not directly correlate with the OTEC pro-
cess. This weight embodies weight of the steel, accommoda-
tion, crew, station keeping system and navigation equipment, 
sanitation, fresh water and storage, etc. The approach to cal-
culate this weight is widely known, as it is not that different 
from other types of floating structure [47, 48]. Thus, this part 
emphasizes more on the estimation process for the weight 
of the OTEC system.

6.3.1  Weight of the riser

From the main dimensions of the risers listed in Table 3 
and its material properties, the total weight of all risers sus-
pended on the risers is obtained as shown in Table 6.

6.3.2  Weight of the heat exchanger, turbine generator 
and pumps

The weight of the heat exchanger, turbine generator and 
pump is adopted from the manufacturer’s catalogue as 
shown in Table 7. The supporting equipment such as piping 
line, pump, flange is calculated referring to the sketch as 
drawn in Figs. 3 and 4 for particular cases of the plantship 
size.

6.3.3  Weight of the fluids on board

The fluids on board cover the weight of the working fluid 
and seawaters either circulated through the OTEC equipment 
or deposited in the tanks. The calculation of the weight of 
the circulated working fluid is done considering the tem-
perature ladder shown in Fig. 7 and the energy balance of 
the system as shown in Fig. 11. The weight of the working 
fluid in storage is set as 30% of the weight of circulated 
working fluid. In case of seawater, its weight depends on 
the size of the seawater tank. To avoid free surface effect 
on the seawater tank, the seawater tanks must be in the fully 
loaded condition.

7  Results

7.1  Calculation results for net power output 
estimation

The equation to govern the net power output can be derived 
as follows:

Table 6  Weight estimation of 
the risers

Parameter CWP inlet CWP outlet WWP inlet WWP outlet

Laminate thickness outer (m) 0.01 0.004 0.0025 0.004
Laminate thickness inner (m) 0.01 0.004 0.0025 0.004
Foam thickness (m) 0.14 0.072 0.055 0.072
Average diameter (m) 12 7 (2 pairs) 10 (2 pairs) 10 (2 pairs)
Total cross-sectional area  (m2) 6.03 3.02 3.20 4.27
Cross-sectional area of foam  (m2) 5.28 2.71 2.94 3.85
Cross-sectional area of laminate  (m2) 0.75 0.30 0.27 0.43
Dry weight (kg/m) 8462 3997 4080 5662
Wet weight (kg/m) 2423 983 878 1392
Total weight (ton) 1700 39 17 56

Table 7  Weight estimation of main OTEC equipment

Unit Weight/item 
including flanges 
(ton)

Total weight (ton)

Turbine (9 units) 90 810
Evaporator (36 submodules) 2200 19,800
Condenser (36 submodules) 2200 19,800
Pump (150 units) 8 1200

Fig. 11  Energy balance during the OTEC cycle
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Pn is the gross power output calculated using Eq. 1. Pa is 
the additional required power for lightening, control system 
and other supporting systems which were assumed to be 5% 
of Pg . Ewf, Eww , and Ecw are the required pumping power as 
defined in Sect. 6.1.

Since net power estimation is done for all plantship 
dimensions which has sufficient space and buoyancy, the 
results of the net power estimation are also as many as the 
number of the analyzed plantship. Obtaining the required 
pumping power for particular plantship size, the data will be 
analyzed using statistical formulation to get its mean value. 
The mean value obtained here is also investigated for both 
the conditions where the heat exchanger is located above 
the seawater tank and next to the seawater tank. In the case 
of Aframax type, first all of its stochastic dimensions are 
rejected due to insufficient space and buoyancy. To over-
come this matter, a deeper draft is adjusted until it has suf-
ficient space and buoyancy. By this method, the net power 
estimation for Aframax also can be performed. However, at 
the end of the design process, the Aframax type is excluded 
in the process due to deficient freeboard allowance.

Figure 12 is a histogram graph showing the net power 
output estimation for Suezmax plantship with seawater 
transport velocity in the OTEC system of 2 m/s and that the 
location of the heat exchanger is next to the seawater tank. 
The mean value of this case is about 100.2 MW. Obtaining 
the histogram graphs for all cases and calculating its mean 
value, a graph correlating the effect of the seawater transport 

(13)Pn = Pg − (Ewf + Eww + Ecw) − Pa.

during the OTEC cycle and location of the heat exchanger to 
the net power output can be obtained as shown in Fig. 13. As 
shown in Fig. 13, the involvement effect of seawater trans-
port velocity in the OTEC system is not relatively significant 
compared with the effects of the plantship size and the loca-
tion of heat exchanger. Figure 13 also indicates that the net 
power output decreases with increase of seawater transport 
velocity in the OTEC system. From the figure, it also can be 
concluded that locating the heat exchanger next to seawater 
tanks will save around 5–6 MW or around 5% of the net 
power target. Setting up the targeted net power of 100 MW 
and locating the heat exchanger parallel with the seawater 
tanks, Aframax and Suezmax types of oil tanker ships are 
still sufficient as the plantship and even the seawater trans-
port velocity during the OTEC cycle is set up to 5 m/s. But 
locating the heat exchanger above the seawater tanks will 
make Aframax and Suezmax types suitable as long as the 
velocity of seawater transport in the OTEC system does not 
exceed 4.5 m/s. For ULCC, the net power output of 100 MW 
can be achieved if the heat exchanger is located next to sea-
water tanks with seawater transport during the OTEC cycle 
below 3.5 m/s. In the case of VLCC, it is clearly pointed that 
it is not suitable for the plantship.

7.2  Required size of seawater tanks

The analysis is carried out by varying the height of seawater 
tank with seawater transport increasing from 1 to 5.5 m/s. 

Fig. 12  Net power output distribution for Suezmax plantship with 
velocity of seawater transport in the OTEC system being 2 m/s and 
the heat exchanger is parallel with the seawater tanks

Fig. 13  Result of net power calculation
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The result correlating the velocity of seawater transport and 
the total pressure acting on the top of the tank for various 
heights of seawater tanks is shown in Fig. 14. At the first 
stage of the analysis, seawater transport velocity of 1 m/s 
needs excessive size of the risers. This makes the scantling 
of the riser stated in Sect. 5.3.1 unable to sustain the applied 
loads. By comparing the total pressure and the initial load 
design, the minimum height of the seawater tanks at a cer-
tain level of seawater velocity can be estimated. To naturally 
push up the deep seawater to the surface, the draft of the 
plantship must be the same level as the top of seawater tanks. 
Thus, besides designing the size of seawater tanks, the result 
from this particular analysis is also used to set the mini-
mum required draft of the plantship. From Fig. 14, it can be 
clearly known that seawater velocity more than 4 m/s will 
cause excessive pressure acting on the top part of the tank, 
if the height of seawater tanks is less than 14 m. Hereafter, 
the seawater transport velocity is focused only from 2 m/s 
to 4 m/s. The second analysis is to investigate the minimum 
distance between riser and sidewall of the tanks which then 
became the basic consideration to decide the breadth and 
the length of the seawater tank. Indirectly, the result will 
also discern the minimum breadth and length of the plant-
ship. Figure 15 shows the correlation between the distance 
between the riser and sidewall with the dynamic pressure 
acting on the sidewall of the tank. The total pressure acting 
on the sidewall is a sum of dynamic pressure in Fig. 15 and 
static pressure which depends on the height of seawater tank. 
The initial design load for sidewall tank is also affected by 
the height of seawater tanks but not less than 25 kN/m2 [42]. 

The static pressure and the initial design load are calculated 
referring to ClassNK regulation [42].

7.3  Final results

Varying the size of the plantship using Monte Carlo simula-
tion, sharpening the OTEC system choices using constraint 
satisfaction method, the final results are obtained as shown 
in Table 8. From the results, the sufficient velocity of seawa-
ter transport is between 2 and 3 m/s. If the velocity of sea-
water transport is less than 1 m/s, the diameter of cold water 
pipe will be too large for the top joint connection to sustain 
the applied load. Considering the constraint due to seawater 
flow inside seawater tanks, seawater transport velocity of 
more than 3 m/s requires an excessive size of the seawater 
tanks to keep the acting pressure below the design load.

In the case of plantship decision, if the excessive pro-
vided capacity is more than 5% of the required parameter, 
the plantship will be considered as overdesigned. But if the 
provided capacity is less than the required one, the plantship 
size will be rejected. It will be recommended if the provided 
capacity is more than the required one and less than 105% 
of the required.

The process is divided into two conditions, the first is 
when the heat exchanger is located above the seawater tank 
and the second is the heat exchanger is placed next to the 
seawater tank. In case one, Aframax type is rejected because 
the length, the breadth and buoyancy of the plantship are less 
than the required ones. On the other hand, ULCC and VLCC 
are also rejected due to oversize capacity. Suezmax type is 

Fig. 14  Total pressure acting on the top part of seawater tank
Fig. 15  Dynamic pressure acting on the sidewall of seawater tank
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the only plantship that suits the criteria with the scantling 
listed in Table 8. For case two, Aframax type is also insuf-
ficient because of not enough capacity and VLCC is also 
unacceptable, because the provided scantling was far beyond 
the required ones. Suezmax type is acceptable for case two, 
but compared with the first case, the required breadth of 
the plantship is larger. This is because in case two, the heat 
exchanger is arranged parallel to the seawater tanks which 
makes the required breadth of the plantship larger. For the 
same reason, ULCC type which is considered oversized in 
case one can be accepted in case two. The details of the 
scantlings of the possible plantship for case two are also 
listed in Table 8.

As shown in Table 8, in the case where the heat exchanger 
is above the seawater tanks, the required draft for the OTEC 
plantship is around 16–20 m. If compared with the original 
draft listed in Table 1, there is a remarkable gap between 
them. It implies that for the same volumetric space, the 
required buoyancy for OTEC plantship is lower than the 
oil tanker ship. As the draft per breadth ratio decreases, the 
stability problem might be triggered. This is one factor to be 
considered in a general arrangement design. In case two, the 
heat exchangers are divided into two layers. So, the height of 
seawater tanks at least must be twice than the required height 
of one submodule. This brings a consequence that the draft 
must be at least 26 m, which embodies 21 m for seawater 
tanks and 5 m of riser handling equipment. To submerse the 
plantship of 26 m, the solid ballast will be installed on board. 
Additionally, the freeboard allowance should be considered 
more in this case especially for damaged ship analysis.

8  General arrangement

The novelty of the general arrangement for OTEC floating 
structure is the installation of the seawater tanks and sus-
pended pipes for both aspirating and discharging seawater. 
The inlet pipes are used to deliver the seawater to the float-
ing structure and the inlet seawater tanks are necessary to 
store the seawater before being distributed to the OTEC 
system equipment. After utilization, the seawater will be 
discharged at a substantial depth, so the discharged seawater 
which has lower temperature will not affect the temperature 
of the warm surface seawater. To spill out the seawater at the 
certain depth, it is required to install outlet pipes. Following 
this condition, the outlet seawater tanks are also necessary 
to collect the seawater from the heat exchanger before being 
discharged through outlet pipes.

The preliminary design of general arrangement in this 
section is conceptualized ensuring that it could be designed, 
installed, and built as a commercial platform for OTEC 
power plant. The general arrangement is drawn for two 

design conditions, case one is the arrangement when the 
heat exchanger is located above the seawater tank and case 
two is when the heat exchanger is next to seawater tank. 
The philosophy of the design is same for both plantships. 
The difference is just the size of the seawater tank. In the 
second design, the distance between the risers and sidewall 
of the tanks is limited by the space for heat exchanger. In 
this condition, local strengthening system must be installed 
to resist the deflection happening on the wall plate due to 
dynamic pressure.

First, the center of buoyancy is estimated and the arrange-
ment is objected, so the distance between center of buoyancy 
and center of gravity does not cause extreme longitudinal 
trim. The electricity production units are divided into two 
compartments with pair specifications. They are in front of 
the cold water tank and behind the cold water tank. Beneath 
the seawater tank, there is space for riser handling equipment 
with inner bottom height of 5 m.

The general arrangement for both cases are drawn with 
the size of the plantship as the mid-value of the obtained 
results that is shown in Table 8. The sample design has a 
length of waterline of 285 m, breadth of 50 m, with adjust-
ment draft of 17 m for case one and 26 m for case two. 
Consideration based on the temperature gradient at the site 
and required flow rate of OTEC system implies that a cold 
water pipe of 800 m long with diameter of 12 m is required 
for it to be suspended at around mid-ship. A pair of warm 
water pipes are also necessary to pump up the warm water 
surface from 20 m of seawater depth. To avoid the ecologi-
cal damage on the surface ocean due to temperature mix, a 
pair of cold water discharge pipes and a pair of warm water 
discharge pipes are also attached on the keel of the plant-
ship with a length of 40 m. The seawater transport velocity 
for CWP inlet is set to be 2 m/s, but for CWP outlet, WWP 
inlet, and WWP outlet it is set to be 3 m/s. The location of 
the risers is determined considering the longitudinal stability 
and dynamic motion of the plantship by placing the risers 
in proportional distance and placing the cold water pipe at 
approximately near by the center of gravity. These risers 
are supported by a ball and socket structure incorporated in 
the hull which allow to rotate up to 20° about the vertical 
axis. In the most recent state-of-the-art riser manufacturing 
technology, there is still a big gap between the estimated size 
and the practice. Thus, a specific study on the OTEC riser 
is necessary to be carried out. One of the solutions is exam-
ining the possibility of installing multiple risers to deliver 
the seawater. It can be examined to decrease the diameter 
of the risers.

Figures 16, 17, 18 and 19 show general arrangement for 
case one. Figure 16 is the side view of the plantship. Fig-
ures 17, 18, and 19 are the top view at waterline 5 m, 17 m 
and 26 m, respectively. The distance between the second 
and the third deck is set being about 9 m high to cope with 
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the size of the heat exchanger. On the second deck, 36 sub-
modules of condenser and evaporator are placed symmetri-
cally to maintain the stability. The turbine- generator and all 
pumping systems are placed on the third deck. The relative 
location is intended to minimize the parasitic loss energy as 

much as possible. However, because the seawater tanks, heat 
exchanger and the turbine generator are not parallel to each 
other, it still needs a large amount of energy to pump up the 
seawater from seawater tanks to heat exchanger and working 
fluid from heat exchanger to turbine generator.

Fig. 16  Side view for case one

Fig. 17  Top view at waterline of 5 m for case one

Fig. 18  Top view at waterline of 17 m for case one
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Placing the heat exchanger parallel with seawater tanks 
is the best solution to overcome the issue mentioned above. 
The design process indicates that it is impossible to also set 
the turbine generator parallel with the heat exchanger due 

to limited space. As the mass density of the working fluid 
is not relatively large compared with the seawater, the para-
sitic loss energy due to this condition is extensively accept-
able. The arrangements are shown in Figs. 20, 21 and 22. 

Fig. 19  Top view at waterline of 26 m for case one

Fig. 20  Side view for case two

Fig. 21  Top view at waterline of 5 m for case two
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Figure 20 is the side view of the plantship. Figures 21 and 
22 are the top view at waterline 5 m and 16 m, respectively. 
For the waterline 26 m, the top view is the same as case one.

For both designs, the hotel, living quarters, office room 
and other business rooms are located on the superstructure. 
The fore peak and after peak will be used for plantship con-
trol system. In case for the electricity delivery to the shore, 
marine cable will be used.

9  Conclusion

The plantship is considered to be from an oil tanker ship 
conversion and is designed to be utilized in Mentawai island, 
west part of Indonesia. The process of designing 100 MW-
net OTEC power plant yields results implying that Suezmax 
oil tanker type is sufficient to be the plantship. The optimum 
water transport velocity also has been examined on the basis 
of recent progress of OTEC system and components. It can 
be concluded that seawater transport of 2–3 m/s is the opti-
mum velocity.

The placement decision for the heat exchanger is solely 
hard to be determined. The result shows that placing the heat 
exchanger above seawater tank will sacrifice about 5–6% of 
net power output. For the second case, setting up the heat 
exchanger parallel to the seawater tanks requires a larger size 
of the plantship and the necessity of deeper draft. Due to this 
condition, solid ballast might be needed to be installed on 
board. These will increase the capital cost.

The proposed win–win solution might be decreasing the 
space for seawater tanks, so the heat exchanger and seawater 
tanks can be placed parallel in one layer. By this way, the 
required size and draft of the plantship will be decreased. 
However, decreasing the size of the tanks may trigger exces-
sive pressure acting on the sidewall of the tanks. To deal 
with this condition, installing local stiffening system on the 

tanks could be one solution. The visibility of this solution 
needs further investigation and will be done in the future.

Additionally, in this paper, converting an oil tanker ship 
to be used for OTEC floating structure aims to decrease the 
capital cost. The cost estimation analysis and study compari-
son between the proposed solution and others will be carried 
out in the near future.
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