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Abstract. Indonesia is the world’s largest archipelago with more than  
17 000 islands, and the best marine tourism destination due to its beautiful 
beaches and underwater scenery, but Indonesia is also the most vulnerable 
country to be affected by climate change due to the greenhouse effect. 
Besides industry, the transportation sector is the highest contributor to the 
global greenhouse effect. In order to reduce the source of the greenhouse 
effect, the Indonesian Government has committed to using new and 
renewable energy as an alternative to fossil-based fuel. In an attempt to 
contribute to the Government’s efforts and to advance the national marine 
tourism, the research is aimed to design water recreational and sport vessel 
that powered by a solar generated electric engine, as further development 
of Universitas Indonesia’s solar boat participated in International Solar-
boat Challenge competition in the Netherlands. The research is focused on 
the effective use of solar energy as the main source for powering the 
vessel’s electrical engine, based on the existing optimum shape and 
dimensions of the boat. Information and data regarding the arrangement of 
the vessel, solar electric generation processes and vessel powering system 
obtained from literature study, discussion with experts, and on the spot 
surveys of various recreational vessels were used as input for the 
calculation and simulation of the vessel being investigated. The research 
results are expected could be further developed for other related usages 
such as fish farming, coastal fishing rig, floating restaurant, etc. 
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1 Introduction 

In recent years, Indonesia has emerged as one of the most favorite tourist destinations. With 
this positive growth from the tourism aspect, the potential development of a water vehicle 
that works on clean energy also emerged. This demand arises as to the awareness of 
protecting the environment of tourism spot become major issues in a certain area of the 
world, especially Indonesia [1]. The possibility of using solar energy as the sole power 
source to a vessel is a perfect solution to solve this issue. In recent years, several boat 
building and renewable energy companies have launched their solar boat products, 
companies such as Planet Solar [2], Azura Marine [3] and SoelCat [4] have initiated the 
development of solar boat as water vehicle which able to operate at tourism spot without 
polluting the environment [5]. This condition opened the possibility to bring solar boat 
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technology into personal water vehicle/sports water vehicle application. In order to respond 
to that condition, this paper proposes a base design of a personal solar electric boat that is 
projected to replace small watercraft vehicles such as jet-ski or motorized kayak. This 
proposed design will be a proper reference in designing a solar electric boat which its 
application range would vary from personal watercraft up to big passenger vessel. 
 
2 Methodology 
The design of the solar-powered boat will be divide into the hull, mechanical, and electrical 
aspects. The dimension of the boat and its technical specification are limited to Dutch solar 
challenge 2016 rules and regulations [6]. In this part of the paper, the writer will be 
showing the boat dimensions and her technical specification. 

2.1. The boat 

For the project, the boat being proposed is shown in Figure 1, and has the following main 
particulars:  

(i) Semi-Trimaran hull 
(ii) Single pilot 

(iii) Maximum speed: 20 km h–1 to 25 km h–1 (~11 knots) 
(iv) Maximum Cruising time: 4 h to 5 h continuous operation and depends on 

sunlight. With optimum cruising time: 2 h to 3 h.  
(v) Length overall: 5.8 m 

(vi) Width: 1.8 m 
(vii) Draft at full load: 0.124 m 

(viii) Weight: 300 Kgs 
The boat is equipped with one 4.3 kW pod propulsion system permanent magnet 
asynchronous motors; cruising speeds equal to 15 km h–1 to 20 km h–1 (~10 knots); Average 
electrical power required during the cruise 4 kW. 
  

 
Fig. 1 Semi-trimaran hull boat 
 

Trimaran hull is selected in order to get the best power to weight ratio; to ensure proper 
stability; and space availability for PV panels along with its electrical equipment. 
Therefore, it is necessary to arrange optimum quantities of PV Panel. 
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Trimaran hull is selected in order to get the best power to weight ratio; to ensure proper 
stability; and space availability for PV panels along with its electrical equipment. 
Therefore, it is necessary to arrange optimum quantities of PV Panel. 

2.2. Electrical system 

2.2.1. Batteries 

It is assumed that the average electrical power needed during the cruise is 3 kW, and the 
maximum peak power is up to 5 kW with most of the power will be used for the propulsion 
system. Since this boat is designed to take the place of normal Jet Ski or other personal 
small watercraft, its daily operational will be around 2 h d–1 to 3 h d–1 with the assumption 
that the boat propulsion system is always running. Also, its maximum weight should be as 
minimum as possible, as the most electric vehicle has a problem with its weight due to 
battery pack weight, in this project the use of the available area for the PV Panel and 
construct small but powerful enough battery pack is maximized. 

To minimize the vessel weight, the battery package should be as simple as possible. 
Therefore, the types of battery that will be used are essential to determine the weight of the 
package. In this project battery package was custom-made our using 144 cells of Lithium-
ion Battery, and this battery pack will be monitored with aftermarket BMS (Battery 
Management System).  

Table 1 Battery specification 
Voltage nominal (Vb) 44.4 V 

Normal capacity 3 000 mAh 

Weight 10.2 kg 

Dimension 420 mm x 180 mm x 280 mm 

Vmax 50.4 V 

Vmin 33 V 

Max discharge current / solar 
charging voltage 150 A/50.4 V 

 
These cells of the battery will be put in one battery box that will be lined up into 12 

Series and 11 Parallel sets of batteries. Therefore, this custom made battery will be resulted 
in this the specifications shown in Table 2 and expressed in Figure 2. 

 
Table 2 Specifications of custom made battery pack LG 

   

Item Condition / Note Specification 

Capacity Std. Charge / discharge 3 000 mAh 

Nominal Voltage Avarage of Std. Discharge 3.60 V 

Continuous discharge current  20 A 

Standart charge 

Constant current 1 500 mA 

Constant Voltage 4.20 V  

End current (Cut off) 50 mA 

Fast charge Constant current 4 000 mA 

Table 2 continue to the next page 
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Table 2  (Continued).    

Item Condition / Note Specification 

Constant Voltage 4.20 V 

End current (Cut off) 100 mA 

Max. charge voltage  4.20 ± 0.05 V 

Max. charge current  4 000 mA 

Standart discharge 
Constant current 600 mA 

End Voltage (Cut off) 2.5 V 

Fast discharge 
Constant current 10 000 mA,  

20 000 mA 
End Voltage (Cut off) 2.5 V 

Max. discharge current For continuous discharge 20 000 mA 

Weight Approx. Max. 47.0 kg 

Operating temperature 
Charge 0 °C to 50 °C 

Discharge 20 °C to 75 °C 

Storage temperature 

1 mo 20 °C to 60 °C 

3 mo 20 °C to 45 °C 

1 yr 20 °C to 20 °C 

 
 

 
Fig. 2 Custom made a battery pack 

 
In order to guarantee the battery is well protected, this battery pack will be put inside a 

battery box that also has a cooling system to ensure battery temperature stay under control. 
In conclusion, a storage system has been built made by 144 cells of batteries into one 
battery pack, with these features: 

(i) Total weight: 10 kg (battery box included) 
(ii) Equipped with cooling system and monitoring system, also safety features that 

prevent it from electrical failure. 
(iii) Volume:  0.420  ×  0.180  ×  0.280  ≈  0.024  m3 
(iv) Maximum  electrical  energy  storage  ≈  1.5 kWh. 
With this compact design of the Battery pack, the overall weight of its electrical storage 

system does not exceed 15 kg. Which means this boat will be handy and very light on the 
water. Also, this electrical system minimizes the needs of other mechanical equipment that 
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In order to guarantee the battery is well protected, this battery pack will be put inside a 

battery box that also has a cooling system to ensure battery temperature stay under control. 
In conclusion, a storage system has been built made by 144 cells of batteries into one 
battery pack, with these features: 

(i) Total weight: 10 kg (battery box included) 
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With this compact design of the Battery pack, the overall weight of its electrical storage 

system does not exceed 15 kg. Which means this boat will be handy and very light on the 
water. Also, this electrical system minimizes the needs of other mechanical equipment that 

may require additional weight. To activate it connects every electrical device with the cable 
to battery terminals, such condition also occurs on motor propulsion which only to connect 
its power distribution system from motor controller to battery terminal, which creates less 
noise, better efficiency, and reliability. 

2.2.2. Photovoltaic generating system and solar charge controller 

The area available in the boat for laying photovoltaic array is about 15 m2. On this area, it is 
possible to install four Canadian Solar Polycrystalline 260 Wp solar module; this type of 
panel has a dimensions of 1.280 mm × 928 mm × 55 mm, each of the panels weighs 20 kg; 
Maximum Power Voltage (Vmp) 50.4 V, Maximum Power Current (Imp) 5.15 A, which leads 
to a Maximum Output Power (WPmax) 260 W in Standard Test Conditions. This 4 PV Panel 
will be connected in separated two series arrangement, then into a parallel arrangement that 
will be connected into one solar charge controller. The MPPT control technology is widely 
used in the application of solar power generation. As shown in Figure 2, the output voltage 
of the photovoltaic array can be determined in such a way that the corresponding power is 
the maximum out-power. If the working point is on the left of the maximum power point: 
dP dV > 0; and if the working point is on the right of the maximum power point: dP dV < 
0. Such an arrangement is designed to accommodate the usage of a single solar charge 
controller, MPPT Victron 150 A, which its function is to adsorbing all the energy from 
every single panel. In conclusion, this PV Panel will produce power up to 1.2 kWh, since 
this electrical boat system works in 48 V system. Therefore maximum capacity produces by 
the PV is: 

 
Wp max (Total) / working voltage = 1 040 Wh / 48 V = 21.667 A              (1) 

 
This amount of energy will be transferred into battery pack, or when the main 

propulsion system works in a condition that not exceed maximum charging current from 
PV Panel, then all the energy from PV will be directly used for the propulsion without 
taking energy from the battery. However, there is another way to improve the amount of 
energy adsorbed, by installing every single panel with its own MPPT Solar charge 
controller. This arrangement will lead to better efficiency because if power drop occurs to a 
panel, it will not disturb whole system charging activity, so that power drop only occurs at 
that drooping panel. 

 
 
Fig. 3 Output characteristic curve of photovoltaic array strings 
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2.3. Boat performance 

There are several parameters that need to be shown in designing a boat [7]. In this part of 
the paper will be showing the service speed of the boat, maximum speed, longest traveling 
range of the boat. With every technical specification and estimated electrical load provided, 
then the vessel performance can be determined. The method that will be taken to determine 
consist of: 

(i) Identify boat dimension, specification, weight distribution, and build its software 
model for further test. Also input of environmental condition during sailing, such 
as water current, solar radiation absorption (assumed 100 % solar radiation 
absorbed) and other environmental condition that might be considered bothering 
boat sailing performance. 

(ii) Run maxsurf resistance analysis software to identify its power vs. speed 
performance. 

(iii) With power vs. speed figure acquired, then proceed to identify the amount of 
energy needed to supply with throttle percentage variation. Assuming 100 % is 
maximum power given from the electric motor. 

(iv) Identify boat service speed, maximum speed, and maximum sailing range with 
each designed speed. 

2.4. Performance test 

In order to get an accurate result of electrical system integrated telemetry system should be 
installed to record and analyze boat performance, including its energy management system 
[8]. This system will be covering real-time data from PV panel input (energy generation) 
until electric propulsion consumption while giving the skipper important information, 
mostly about remaining energy left and suggestion on a boat cruising speed in order to 
reach targeted destination. However, in this paper, this system is not yet implemented, as 
this system will be the next agenda to be taken as the continuation of this research. 

3. Results and discussion  

3.1. Power Management System (PMS) 

The PMS is used for the right managing of the energy aboard together with monitoring all 
electrical activity for the boat system [9]. This management system is intended to provide 
the pilot with sufficient information of real-time battery capacity, with this proper 
information pilot would be able to determine his sailing preference based on weather 
condition and amount of energy left. 

The system uses a storage device (battery bank) for balancing the mismatch between the 
available energy by the photovoltaic array and power required by motors and boat 
instruments. Both the powers that flow in and out of the storage device have to be designed 
accurately and controlled for a global energy management strategy. Such condition is 
designed since the lithium-ion batteries decrease the storage capacity with aging, is not 
possible for the captain to know the instant energy available for the navigation, by 
measuring the output voltage of the battery. Figure 4 shows the setup of a solar-electric 
boat.  
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Fig. 4 Topology of a solar boat 
 
In order to provide safety and reliable navigation, it is necessary for boat designer to 

design boat system that gives the pilot the real autonomy of navigation [10], which means 
to know the real energy storage within the battery banks. Monitoring, controlling, and 
preventing become an integral part of every electrical system. The proposed system to 
support such requirement normally will be composed by a photovoltaic array, one battery 
banks, a boost converter, a reversible inverter, three inverters, a charge control, a discharge 
control, and a computer to manage the energy flows (energy management controller). 

The maximum current needed for the system to run the motor is about 89.5 A. This 
current can be supplied by a single battery bank for less than 30 min; it is assumed that pilot 
gave 100 % throttle on the boat propulsion system. However, during cruising speed, the 
maximum current is 22 A; this amount of current can be provided from battery bank for 
more than 1 h and 15 min. This custom made battery pack can be fully discharged without 
damage, with protection system / cut-off system that will work when battery voltage 
reaches below 33 V. This bottom limit can be modified from the Battery Management 
System. Figure 5 shows the schematic diagram of the proposed electrical system. 

3.2. Control management system 

The principal assignment of the control management system is to determine the real 
available energy for the navigation and to furnish information on the boat autonomy. To 
realize this assignment, the system preserves information of the flows of energy and 
manages the complete discharge/charge of the battery banks. 

Every performance data of boat electrical devices will be monitored using the control 
management system. In advance, the control management will provide the pilot with 
remaining energy left and possible distance to travel with real-time battery capacity. The 
control management system should be able to prevent every possible electrical failure in the 
system. The computer of control management will be programmed to identify a potential 
threat to the electrical system; this computer will also program with prevention act or at 
least provide the pilot with sufficient data analysis about an indication of system failure. 
Meanwhile, this data will be recorded in the boat internal memory or shared to an onshore 
central computer that assigned to monitor boat activity. If this management control works 
normally as it was designed, it may be able to provide a bigger safety factor to the 
operational of the boat.    
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Fig. 5 Electrical schematic diagrams 
 
3.3. Service speed, maximum speed, and sailing range 
 
The result of software analysis on boat resistance have given us a prediction of this boat 
power vs. speed figure, as shown below: 
 

 
 

Fig. 6 Power vs. speed maxsurf resistance method slender body 
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Fig. 6 Power vs. speed maxsurf resistance method slender body 
 

The figure above is used to identify how much energy consumed or electrical current 
needed to be supplied to the motor with a variation of throttle percentage [11]. As shown 
below are the processed data using the figure above: 

 

 
Fig. 7 Current (A) vs. speed  

 
Table 3 Throttle variation  

 

Throttle percentage (%) Current (A) Power (kW) Speed (km h–1) 

100 89.58 4 300 20.67 
90 80.63 3 870 19.83 
80 71.67 3 440 18.93 
75 67.19 3 225 18.44 
70 62.71 3 010 17.96 
60 53.75 2 580 16.88 
50 44.79 2 150 15.71 
40 35.83 1 720 14.39 
30 26.87 1 290 12.96 
25 22.39 1 075 12.18 
20 17.92 860 11.42 
10 8.96 430 9.58 

     
The result is shown in Figure 7 and Table 3 gives information about how much 

electrical current needed to be provided on each selection of throttle percentage. Meanwhile 
we also acquire estimated speed from each throttle percentage. Furthermore, this data will 
be used to investigate service speed, maximum speed, and sailing range. In order to produce 
such information, certain technical and limitation should be inputted into the calculation, 
such as PV Input and battery depth of discharge.  
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Table 4 Energy consumption calculation  

 

Speed (km h–1) 
[1] 

Input 
current 

[2] 

Battery 
capacity 

[3] 
Output 

current (to 
motor) (A) 

[4] 

Throttle 
percentage (%) 

[5] 

Battery 
load (A) 

[6] PV panel 
(A) 

Battery (80 
%) (Ah) 

20.67 (max) 21.67 26.4 89.58 100 67.92 
19.83 21.67 26.4 80.63 90 58.96 
18.93 21.67 26.4 71.67 80 49.99 
18.44 21.67 26.4 67.19 75 45.52 
17.96 21.67 26.4 62.71 70 41.04 
16.88 21.67 26.4 53.75 60 32.08 
15.71 21.67 26.4 44.79 50 23.13 
14.39 21.67 26.4 35.83 40 14.17 

12.96 (normal) 21.67 26.4 26.88 30 5.21 
12.18 21.67 26.4 22.395 25 0.73 
11.42 21.67 26.4 17.92 20 -3.75 
9.58 21.67 26.4 8.96 10 -12.71 

 
Table 5 Energy consumption calculation 

 
Battery draining time until 20 % 

[7] Sailing range (S = V × t) (km) Remaining Range 
h min 

0.39 (max speed) 23 min 32 s 8.03 51.97 
0.45 27 min 26 s 8.88 51.12 
0.53 32 min 8 s 10.00 50.00 
0.58 35 min 19 s 10.69 49.31 
0.64 38 min 59 s 11.55 48.45 
0.82 49 min 37 s 13.89 46.11 
1.14 1 h 8 min 27 s 17.93 42.07 
1.86 1 h 51 min 12 s 26.82 33.18 

5.07 (normal speed) 5 h 4 min 2 s 65.69 -5.69 
36.21 36 h 12 min >  60 km >  60 km 

Battery Charging Battery Charging More than 60 km >  60 km 
Battery Charging Battery Charging More than 60 km > 60 km 

 
As shown above, the boat could travel with maximum speed at 20.67 km h–1 with 100 % 
throttle opening. During this state of speed, the battery will last for 23 min and 32 s before 
reaching its D.o.D limit. Meanwhile, the sailing range produced is 8.03 km. 

The information of boat service speed can be varied by how long sailing range needed 
to be complete in one sailing condition, if the boat designed to sail up to 60 km, then it 
recommended sailing with a constant 30 % throttle opening that gives 12.96 km h–1 of 
sailing speed and sailing range up to 65 km with 5 h 4 min and 2 s of sailing duration. 
Other sailing speed option can be decided by how long the boat will travel, then proceed to 
look at the table above for which sailing speed is best for the desired sailing range. 
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4. Conclusion 

The design of a Solar-Electric Boat for personal use as tourist’s recreational vessel along 
the coast, in the rivers, in the lakes has been presented in detail. With this system, it is 
possible to replace the common type of personal water recreational vehicle. In advance, this 
design can be a preference for fuel engine to electrical propulsion conversion of a passenger 
vessel, by realizing a loss in power, and without changing the weight and the dimension of 
the boat. In an aspect of new construction, the construction of the boat should be able to 
handle the boat load design. By optimizing the use of the material in accordance with the 
boatload design, will provide a significant weight reduction and making it more efficient.  
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