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Abstract 
The design of a lightweight solar powered marine craft is considered in this 
report. Various design concepts were considered with respect to the hull type, 
resistance, aesthetics and the operating environment of the vessel. The plan-
ning hull-form catamaran was considered for the boat design. The resistance 
and other hydrodynamic characterization of boat were analyzed using the 
CAHI and Savitsky method. Detailed algorithm is developed for the sizing of 
the various components of the solar PV system for the boat. The hull resis-
tance was found to be 740 N corresponding to the boat speed of 5 knot using 
the above stated methods. The motor power was obtained to be 2.239 kW (3 
HP). Torqeedo outboard electric motor of 3 HP was selected for the boat 
propulsion. The battery bank was seized accordingly and four batteries of 235 
AH and 12 V were selected for the storage of electric power for the boat pro-
pulsion. Hence, the solar PV module was sized. It was concluded that, due to 
the limited space for the installation of the PV module, additional source of 
power (land base) should be made available to completely charge the battery. 
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1. Introduction 

Environmental awareness has been developed worldwide so progressively and 
turns into the crying needs over the last few decades. It is the obligation of engi-
neering researchers to ensure environmental friendliness and sustainable devel-
opment of the environment. The current trend of energy researchers is to find 
out about alternate source of energy because the primary source of fuel is be-
coming limited in stock. Renewable energy, such as solar, wind, water, tidal flow, 
geothermal and biomass are all clean energy with tremendous amounts of re-
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sources for electricity generation. It is therefore becoming increasingly necessary 
to find and apply more environmentally and eco-friendly technologies that 
would utilize alternative, renewable sources of energy. Of them solar energy is 
the primary source of renewable energy as it can get easily from nature. Using 
this solar energy we can design the hardware and install the solar boat for tour-
ism purpose in marine vessel [1]. Figure 1 shows the schematic representation 
of the solar power system implemented for both propulsion and auxiliary ser-
vices onboard the vessel. 

Solar energy is a prodigious renewable energy source which has enormous 
energy existing as heat and light can convert it into electricity. Besides the do-
mestic uses, solar power can be utilized as the alternative of the oil in boat’s fuel 
and capable of minimizing the water pollution and fuel cost as well. Solar electric 
powered boats may promote zero-emission in aquatic transportation system and 
recreation for world waters [2]. Solar powered boats basically consist of battery, 
solar panel, electric motor and the propeller. 

The present day use of fossil fuels as a primary source of energy is noticed to 
be a dangerous impact on both the environment and our waterways system. It 
has led to serious environmental problems and believed to be one of the critical 
factors contributing to global warming. Hence the concept of using a solar 
power to sail marine vessels is a matter of importance in the design of boat. It 
was centuries ago when the technology of wind energy made its first step. As one 
of the most developed renewable energy technologies, wind power has become 
the primary consideration with accelerated growth during the past few decades 
[3]. This work studies the possibility of fitting photovoltaic solar panels on board 
of a vessel to reduce dependability on fuel. The electric demand of the vessel is 
calculated and the power produced by the panels is calculated as well. A solar 
boat design process is completely something different from a conventional boat 
so much that it can be termed as “solar boat design”. The design condition is 
critical because the available energy from the sun varies with the months of year. 
It also varies between a sunny day and cloudy day. 

The first vessel known to use lead acid batteries was the Eureka built in 1881 
by Gustave Trouvé in France, but the vessel’s development was hampered by 

 

 
Figure 1. Solar power system. 
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energy storage constraints and the resulting limited range [4]. Water pollution, 
noise, vibration, environmental regulations and the idea of “being green” are all 
motivators for implementing electric options in marine propulsion. It is impor-
tant to understand the factors that currently keep all-electric and hybrid-electric 
systems from being widely adopted and how changes in those factors could see 
broad acceptance of the technologies [5]. The economics are driven by a range of 
considerations such as fuel costs, environmental regulations, quality of life, noise, 
and access to environmentally sensitive locales. Those working in vessel design, 
construction and operation want to know where the technology currently stands 
and when to consider investing in all-electric or hybrid-electric options [3]. 

Electric technology for small vessels has also been hampered by the lack of 
appropriate battery technology. A lightweight, large-capacity battery with fast 
recharge capability is needed to give the development of electric small vessels a 
major push. Sailboats offer an option for battery charging because the propeller 
can be left to spin freely when under sail allowing the batteries to charge. This 
“free” energy source significantly impacts the attractiveness of the electric power 
option long term. In this case batteries become the cost driver. This research 
therefore seeks to apply one of the green technology that have great potential in 
providing an alternative to fuel a recreational boat by the implementation of so-
lar powered system on boats that is fully electrical powered converted from sun-
light. 

1.1. Marine Propulsion System Drives 

Marine propulsion is the mechanism or system used to generate thrust to move 
a boat or ship across water. While paddles and sails are still used on some small-
er boats, most modern ships are propelled by mechanical systems consisting of 
an electric motor or engine turning a propeller, or less frequently, in pump-jets, 
an impeller [6] [7]. 

Marine steam engines were the first mechanical engines used in marine pro-
pulsion; however, they have mostly been replaced by two-stroke or four-stroke 
diesel engines, outboard motors, and gas turbine engines on faster ships [8] [9]. 
Electric motors using electric battery storage have been used for propulsion on 
submarines and electric boats and have been proposed for energy-efficient pro-
pulsion [10]. 

1.1.1. Inboard Propulsion System 
Inboard motor is a marine propulsion system for boats. Inboard motor is an en-
gine enclosed within the hull of the boat, usually connected to a propulsion 
screw by a driveshaft. Inboard motors may be of several types, suitable for the 
size of craft they are fitted to. Boats can use one cylinder to V12 engines, de-
pending if they are used for racing or trolling. For pleasure craft, such as sail-
boats and speedboats, diesel, gasoline and electric engines are used [11]. Many 
inboard motors are derivatives of automobile engines, known as marine auto-
mobile engines. The advent of the stern drive propulsion leg improved design so 
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that auto engines could easily power boats. And for larger craft, including ships 
(where outboard propulsion would in any case not be suitable) the propulsion 
system may include many types, such as diesel, gas turbine, or even fossil-fuel or 
nuclear-generated steam [12]. 

1.1.2. Outboard Propulsion System 
Marine outboard engines range in size from small electric driven units to large 
V8, 300 horsepower units. These engines are specifically designed and manufac-
tured for use on vessels, although they still require a level of maintenance and 
care to remain in good working condition. 

Outboard engines have the benefit that the one unit comprises the engine, 
gearbox and propeller. Unfortunately, outboard engines cannot provide the 
power or the economy required by many large commercial vessels [13]. Out-
board engines are generally used on smaller commercial vessels such as water 
taxis, water authorities, water police or small charter vessels (fishing or scuba di-
ving). They are also used as auxiliary engines on some larger vessels, particularly 
those under sail. On larger sporting vessels and some commercial vessels, twin 
outboard engines of the same power rating are used on one vessel. 

Outboard motor is a propulsion system for boats, consisting of a self-contained 
unit that includes engine, gearbox and propeller or jet-drive, designed to be af-
fixed to the outside of the transom. They are most common motorized method 
of propelling small watercraft. As well as providing propulsion, outboards pro-
vide steering control, as they are designed to pivot over their mountings and 
thus control the direction of thrust [14]. The skeg also acts as a rudder when the 
engine is not running. Outboard motors can be easily removed for storage or 
repairs. 

In order to eliminate the chances of hitting bottom with an outboard motor, 
the motor can be tilted up to an elevated position either electronically or ma-
nually. This helps when travelling through shallow waters where there may be 
debris that could potentially damage the motor as well the propeller. If the elec-
tric motor required to move the pistons which raise or lower the engine is mal-
functioning, every outboard motor is equipped with manual piston release 
which will allow the operator to drop the motor down to its lowest setting [15]. 

The outboard cooling system is the direct, raw water type. Sea water is drawn 
up by an impeller pump, made of plastic or rubber, which is located in the lower 
leg. It then passes through the galleries in the engine and out through the ex-
haust. A small stream of water is also bled off somewhere in the system as a 
tell-tale sign, indicating to the operator that water is circulating throughout the 
cooling system. A thermostat maintains a minimum operating temperature. An 
audio alarm and a “hot light” are also sometimes fitted. 

1.1.3. Hybrid Propulsion System 
New generations of ships must meet new challenges, particularly in terms of 
energy efficiency, reliability and environmental impacts. One of the future goals 
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of shipbuilding is to reduce the impact of ship emissions to respond to existent 
and future regulations of the International Maritime Organization (IMO) on 
greenhouse gas and pollutants emissions [16]. In this context, hybrid propulsion 
systems (HPS) are promising solutions to meet these requirements. 

Marine hybrid propulsion systems include an internal combustion engine 
(ICE), a generator, an electric storage unit, and an electric motor. Diesel electric 
propulsion systems are different from hybrids because they produce power using 
a diesel generator that is directly connected to an electric motor. In a hybrid sys-
tem there is an electric storage element in the system [4]. 

The performance of a given hybrid propulsion system is heavily affected by its 
specific configuration. The three general arrangements of hybrid propulsion 
system are briefly discussed below and they include series, parallel, and a com-
bination of both serial and parallel configurations [3]. 

2. Design Methodology 

A detailed survey was carried out on the location where the designed boat is 
meant to operate. The depth of the water was considered which is one of the 
factors used to determine the draft of the boat. Basically, the solar data for the 
considered location is obtained from NIMET. 

2.1. Hull Resistance Estimation 

This design considers three design concepts; it will not be economically viable to 
construct three different models for the purpose of resistance estimation. 
Therefore, a different method of estimating hull resistance was considered. The 
method of estimating hull resistance adopted in this work is the Savitsky and 
CAHI methods. 

2.1.1. Algorithm for Savitsky Method of Estimating Hull Resistance 
Savitsky in 1964 developed a method of analyzing the hydrodynamic characteri-
zation of planning hull vessels. The method is based on the hydrodynamic and 
hydrostatic forces that act on the hull. Both the drag and lift components of the 
forces were taken into consideration in his formulations. Figure 2 presents a 
schematic of a planning craft showing the force parameters and dimensions. 

The mean wetted length-beam ratio ( mλ ) which defines the pressure area is 
expressed a 

tan
sin 2π tan

2
k c

m

d b
L L

b b

β
τ τλ

 +  + = =
                 (1) 

By Savitsky’s method, the relation for wetted keel length ratio is given by the 
expression 
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          (2) 

where: β = angle of deadrise of planing surface 
τ = trim angle of planing area 
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Figure 2. Forces experienced by planning hull vessels. 

 
The lift coefficient for finite Deadrise LC β  can be calculated from: 

0.6
0 00.0065L L LC C Cβ β= −                     (3) 

Following flat plate tests, a relation is developed for the total lift (buoyancy 
and dynamic lift) acting on a flat surface. Savitsky obtained the empirical plan-
ning lift equation for a zero Deadrise as 
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where v
VC
gb

=  = speed coefficient 

V = vessel speed 
g = acceleration due to gravity 
b = beam of planning surface 
Equation (5) presents Savitsky’s total resistance of a planning hull. The first 

quantity on the right-hand side is the gravity drag component; while the second 
is due to hydrodynamics. 
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0.0004FC∆ = , which obtained from ATTC Standard Roughness and 
Further details on the Savitsky method are presented [17] [18] [19]. In this 

work, a detailed algorithm of the method developed is presented in a flow chart. 
The diagram in Figure 3 shows the flow chart developed for the implementation 
of the Savitsky method. 

2.1.2. CAHI Method for Planning Craft Hydrodynamic Characterization 
The Central Aero-Hydrodynamic Institute (CAHI) method is similar to the Sa-
vitsky method. Using CAHI method, the lift coefficient for finite Deadrise LC β  is 
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Figure 3. Savitsky method flow chart. 
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The wetted keel length to beam ratio for a hull with Deadrise (β) is given by 
Equation (7). The expressions for the mean hull speed, trim and total resistance 
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are given by Equations (8), (9) and (10), respectively. 
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The hydrodynamic moment factor ()mΔ is a necessary correction for the wet-
ted length ratio which is absent in Savitsky model. Details about CAHI method 
are presented [19], however, for dimensional total resistance variables such as: 
the speed V, displacement Δ, chine beam b, Deadrise angle β, longitudinal center 
of gravity LCG, mean wetted length ratio λ, and the trim τ are identified 

2.1.3. Algorithm for CAHI Method of Estimating Hull Resistance 
The CAHI method is similar to that of the Savitsky method. The flow chart for 
the implementation of the CAHI method is depicted in Figure 4. 

2.2. Solar System Design Models 

In order to have a solar PV system operate properly and meet the power re-
quirements of the designed boat, time must be spent in the design phase to eva-
luate the individual components of the system and their interaction with all the 
other pieces. Solar system design involves the sizing of the various components 
that make up the solar system (solar panel, charge controller, battery bank and 
inverter) required to meet up the energy demand of the system. 

In order to properly size the battery bank, one most first of all obtain the av-
erage energy demand and the day of autonomy of the storage. Hence, the esti-
mated energy storage of the bank is obtained using the following expression: 

est d autE E D= ×                          (11) 

where Eest = Estimated energy storage, Ed = Average energy demand, Eaut = Day 
of autonomy 

After obtaining the estimated energy storage, the next step is to determine the 
safe energy storage. The safe energy storage can be computed by dividing the 
obtained estimated energy storage by maximum allowable depth of discharge as 
given by Equation (12). 

est
safe

EE
DOD

=                            (12) 
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Figure 4. CAHI method flow chart. 

 
where 

Esafe = Safe energy storage, DOD = Depth of Discharge 
The next step in the storage battery sizing is to determine the total capacity of 

the battery bank in ampere-hours. This is determined by dividing the safe energy 
storage by the rated dc voltage of one battery as in Equation (13) [20]. 

safe
tb

b

E
C

V
=                              (13) 

where Ctb = the total capacity of the battery bank in ampere-hours, Vb = Battery 
rated dc voltage 

At this point, the total number of batteries can then be obtained by dividing 
the total capacity of the battery bank in ampere-hours by the capacity of one of 
the selected batteries in ampere-hours as given by Equation (14) [20]. 

tb
tb

b

CN
C

=                              (14) 

where Ntb = the total number battery in the bank, Cb = Capacity of selected battery 
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The number of batteries in series can also be determined by dividing the sys-
tem dc voltage by the rated dc voltage of one battery as in Equation (15). 

dc
bs

b

VN
V

=                           (15) 

Likewise, we can then determine the number of parallel battery strings by di-
viding the total number of batteries by the number of batteries in series as in 
Equation (15). Sizing the array begins by first determining the required daily av-
erage energy demand which is obtained by dividing the daily average energy 
demand by the product of the efficiencies of all system components as given in 
Equation (16). 

d
rd

b i c

EE
η ηη

=                         (16) 

where Erd = Required daily average energy demand, ηb = Battery efficiency 
ηi = Inverter efficiency, ηc = Charge controller efficiency 
The average peak power is then obtained by dividing the required daily aver-

age energy demand by the average sun hours of the site per day as in Equation 
(17). 

,
rd

ave peak
sh

EP
T

=                          (17) 

where Pave,peak = Average peak power, Tsh = Average sun hours 
The total dc current of the system is then obtained by dividing the average 

peak power by the dc voltage of the system as in Equation (18). 

,ave peak
dc

dc

P
I

V
=                           (18) 

where Idc = Total dc current of the system, Vdc = dc voltage of the PV Array 
The number of modules in series is then obtained by dividing the system dc 

voltage by the rated voltage of each module as expressed in Equation (19). 

dc
sm

rm

VN
V

=                            (19) 

where Nsm = Number of module in series, Vrm = Rated dc voltage of the module 
Next, we obtain the number of parallel number of module strings by dividing 

the total dc current of the system by the rated current of one module as in Equa-
tion (20). 

dc
pm

rm

IN
I

=                          (20) 

where Npm = Number of module in parallel, Irm = Rated current of the module 
The total number of modules that form the array is then finally determined by 

multiplying the number of modules in series by the number of parallel modules 
as in Equation (21), thus giving the required array size. 

tm sm pmN N N= ×                        (21) 
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3. Results Analysis and Discussion 
3.1. Results Analysis and Discussion 

After considering several design factors such as resistance/powering, aesthetics, 
hydrodynamic characteristics etc, it was decided to design a twin hull boat 
(Catamaran) for the Pleasure Park. The following data were considered for the 
design as shown in Table 1. This data was obtained from survey and estima-
tions. 

The boat displacement is computed as the some of the hull weight and every 
other weight onboard the boat. This data was used for the various analysis of the 
boat for the programs developed in this work and other manual calculations. 

3.2. Hydrodynamics Analysis of the Design Concepts 

Hydrodynamic analysis is very important in the design of planing hull vessels. It 
takes into considerations the behavior of the vessel in terms of resistance, wetted 
length, trim and stability of the vessel at different speed. The methods adopted 
for the hydrodynamic characterization of the designed Catamaran boat are the 
CAHI and Savitsky methods. These methods were chosen because the catamaran 
boat is designed to be of the planing hull form. The two methods mentioned 
adopted are well established method for analyzing planing hull form analytically 
without conducting model test. The simulation results for the boat hydrody-
namic characterization are shown in Figures 5, 6 and 7. 

3.3. Hydrodynamics Analysis of the Design Concepts 

From the hydrodynamic characterization simulation in the previous section, the 
resistance of the boat can be determined at different speeds. Considering a  
 
Table 1. Boat Specifications. 

S/n Description Value Unit 

1 Weight of boat hull 200 Kg 

2 Number of persons 4 Kg 

3 Weight of persons 300 Kg 

4 Battery weight 50 Kg 

5 Solar PV weight 50 Kg 

6 Motor 50 Kg 

7 Boat Displacement 650 Kg 

8 Length overall (LOA) 3 M 

9 Beam (B) 1.8 M 

10 Maximum Speed 5 Knot 

11 Depth 0.7 M 

12 Deadrise 50 Degree 
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Figure 5. Plot of resistance against speed of the boat. 

 

 
Figure 6. Plot of wetted length ratio at different speed of the boat. 

 

 
Figure 7. Plot of the boat trim against speed. 
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maximum design speed of 5 knot, it can be read from Figure 4 that, the corres-
ponding resistance of the boat hull is about 740 N as predicted by the CAHI 
method. It is safer to use the maximum predicted resistance in order to avoid an 
under-designed system. Therefore, the power requirement was estimated as the 
product of the boat resistance and its designed allowable speed (power = 
740*5*0.5144 = 1.903 kW). 

The estimated power is the effective power which does not take into account 
propulsive losses. Assuming a propulsive efficiency of 0.85 since the boat will be 
propelled at a very slow speed of 5 knot therefore, the power of the motor is de-
termined as the effective power divided by the propulsive efficiency which can 
be computed as 2.239 kW (3 HP). 

3.4. Calculation of Load and Power of the Battery 

The battery bank is sized based on the estimated motor power, day of autonomy 
and the battery’s depth of discharge. As estimated above, the motor power is 
2.239 kW, the day of autonomy is assumed to be a day, and a typical value of 
depth of discharge is 80%. The battery is expected to service the boat for 4 hours 
per day therefore; the average energy demand per day is computed as 

2.239 4 8.956 kW hdE = × = ⋅  

The estimated energy storage, 
8.956 kW h 1 8.956 kW hest d autE E D= × = ⋅ × = ⋅  

The safe energy storage, 
8.956 kW h 11.195 kW h

0.8
est

safe
EE

DOD
⋅

= = = ⋅  

The next step in the storage battery sizing is to determine the total capacity of 
the battery. The battery bank is assumed to have a dc voltage of 12 V. Therefore, 

11.195 1000 932.91 A h
12

safe
tb

b

E
C

V
×

= = = ⋅  

Considering the calculated total battery capacity in ampere-hour, one can se-
lect a battery of 235 Ah. Therefore, the number of batteries for the bank to be 
connected in series is 4 (i.e., 4 235 Ah Batteries). 

3.5. Solar Panel Sizing/Selection 

The sizing of the solar panels includes the determination of the average sun hour 
of the location where the installation is required. In this work, data for the aver-
age sun hour were collected from NIMET. The average sun hour for Rivers State 
is estimated as 4.5 hours. The battery efficiency is assumed to be 90% as well as 
the efficiency of the charge controller. Consider Sun module SW345XL PV 
module for the designed boat. The PV module specifications are depicted in 
Table 2. The module size is 800 mm by 420 mm. 

From Equation (16), the required daily average energy demand can be calcu-
lated as follows: 

8.956 kW h 11.057 kW h day
0.9 0.9

d
rd

b i c

EE
η ηη

⋅
= = = ⋅

×
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Table 2. PV module specifications. 

Parameter Symbol Value 

Maximum Power maxP  345 W 

Open circuit voltage ocV  47.8 V 

Maximum power point voltage mppV  38.2 V 

Short circuit current scI  9.75 A 

Maximum power point current mppI  9.10 A 

 
The average peak power can be obtained from Equation (17) as follows: 

,
11.057 2457.064 W

4.5
rd

ave peak
sh

EP
T

= = =  

The total dc current of the system is then obtained from Equation (18) as fol-
lows: 

, 2457.064 102.378 A
24

ave peak
dc

dc

P
I

V
= = =  

The number of modules in series is 1 since the value of Vrm is greater than Vdc. 
Next, we obtain the number of parallel number of module strings using equa-

tion (20). This yielded a total of 10 modules in parallel. Therefore, the total 
number of solar module for the boat to fully charge the batteries is 10 modules. 
The sizing of the solar panel for boat design is limited to the available space for 
installation on the boat. As a result of the limited space available, the panels in-
stalled may not be able to fully recharge the battery. As such, the need for addi-
tional power source (Land base) is required for charging the batteries. 

4. Conclusions 

This research work considered the design of lightweight solar powered marine 
craft pliable in the Rivers State Peace Park and Nigerian inland waterways where 
the waters are considered to be calm (i.e., negligible wave effect). Different de-
sign concepts were considered in this work of which the chosen one is presented. 
Different hull forms were considered with respect to hull resistance and aesthet-
ics. The chosen hull form for the boat is the planning hull catamaran. It was 
chosen because of its low resistance and stability as well as aesthetics as com-
pared to the mono-hull vessels. 

Two different methods were used for the hydrodynamic analysis of the hull. 
Since the hull form is planning, the CAHI and Savitsky method was employed 
for the hydrodynamic characterization of the hull. These methods were used to 
analyze the trim of the boat with respect to the boat speed in order to determine 
the dynamic stability of the vessel. Also, the boat resistance was determined us-
ing the same methods. 

A detailed approach and algorithm of determining the solar PV module for 
boat is also presented in this work. The developed algorithm was used to deter-
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mine the various solar PV components capacity required for the powering of the 
boat. From the boat resistance, the battery bank was sized and hence, the solar 
PV module. It was obtained that, the space available for the installation of the 
panel that will power the boat is limited. This problem can be mitigated by using 
land base electricity to aid the recharging of the battery or increase the breadth 
and length of the boat hull. 
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