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ABSTRACT: Throughout the history many energy devices are used for ship propulsion purposes. From the 

earliest ships with manpower to ships driven by nuclear energy, in the 21th century renewable energy 

technologies are included to the research of energy efficient and environmental friendly propulsion. Fuel 

cells and photovoltaic solar energy technologies are the most promising renewable energy sources for land, 

sea or air vehicles. 

In this study the design of a convenient hull form for limited power supply and suitable general arrangement 

is investigated for a pleasure boat powered by a 8.5 kW fuel cell. In addition as an auxiliary energy source 

solar panels depending on the usable surface area are included. For energy efficient hull form and sufficient 

space requirements of solar panels, monohull, catamaran and trimaran forms are analyzed in terms of 

required power. The effect of the side hull positions are investigated and compared in the case of trimaran in 

longitudinal and transversal directions to optimize the appropriate location of the side hulls for low 

resistance. 
 

 

1. INTRODUCTION 

The decrease of the sources for fossil based fuels and 

the increase of environmental awareness gives rise to 

the widespread use of renewable energy sources. The 

use of alternative energy systems gains especially 

importance in mobile applications where it is difficult 

to reach the electrical grid. In the last decade beside 

several applications on land vehicles, a rising number 

of marine applications took also place. The applications 

of renewable energy systems on ships are separated for 

the use of the systems as a prime energy source for the 

propulsion in boats or for the energy supply of 

auxiliary systems in ships. The most outstanding 

applications of fuel cell as a prime energy source are 

for passenger vessels. The “Zemship” and the “Nemo”  

Projects are two representative projects on excursion 

ship application. The “FCS Alsterwasser” (Figure 1) 

built within the “Zemship” project in Hamburg is a 21 

m. of length, single-hulled excursion ship with 100 

passengers capacity. The ship is propelled by two 50 

kW fuel cells (Zemship). In a similar project in the 

Netherlands the power of the canal vessel “H2 Nemo” 

(Figure 2) with a length of 21.95 m. is provided by two 

30 kW PEM (Proton Exchange Membrane) fuel cells. 

The boat travels 9 hours at a speed of 9 knots with one 

refuelling. 

 

 
 

Figure 1. The hydrogen excursion ship 

“Alsterwasser”(Zemship) 

 

 
 

Figure 2.The hydrogen powered ship “H2-Nemo” (lowers) 

 

An exemplary application for the use of photovoltaic 

systems as a prime energy source for the propulsion of 

boats is the “Planet Solar Project” (Figure 3). The 
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currently largest solar powered boat with catamaran 

concept has a length of 31 m. and has a photovoltaic 

capacity of 93.5 kW with 537 m
2
 solar modules area. 

The boat has an average engine consumption of 20 kW 

(Planet Solar). 
 

 
 

Figure 3.The boat “Turanor” of the planet solar project 

(Planet Solar) 

 

Applications on commercial ships aim mostly to 

recompense the energy of auxiliary systems of the ship 

or to supply the power demand of the ship in harbours 

and in stationary conditions to reduce fuel consumption 

and CO2 emissions. The principle advantages of fuel 

cell systems are fuel savings, reduced exhaust 

emission, lower operating costs, quieter and cleaner 

propulsion (Sattler, 2000). 

The offshore supply vessel “Viking Lady” can be 

referred as an example for the use of fuel cells to 

provide power for the auxiliary systems on board 

(Figure 4). The supply vessel is the first commercial 

vessel fitted with a fuel cell for marine use. The vessel 

is 92.2 m. long and employs a dual-fuel LNG/Diesel 

electric power plant. The 320 kW fuel cell is used 

especially when the ship is in stationary condition 

(Viking Lady). 
 

  
 

Figure 4.The offshore supply vessel “Viking Lady” (Viking 

Lady) 

 

For solar panels application the “Auriga Leader” cargo 

ship can be mentioned (Figure 5). The 199 m. long 

solar power assisted ship “Auriga Leader” which is an 

experimental project of two years declared after seven 

months of operation that 0.05% of the total propulsion 

power requirement and 1% of the electrical usage was 

satisfied by solar panels. The use of 40 kW solar panels 

provided a gain of 13 tons of fuel and a decrease of 

CO2 emission of 40 tons (NYK Line).  
 

  
 

Figure 5.The cargo ship “Auriga Leader” and the deck view 

(crunchgear , allcarselectric) 

 

The restricted energy delivered by fuel cells or solar 

panels bring along the need of energy efficient hull 

form designs. In this study the hull form design for a 

pleasure boat powered by a 8.5 kW fuel cell and 

appropriate solar panels which is built in the scope of a 

student project in the Yıldız Technical University is 

presented. The best convenient hull form is 

investigated for limited power supply and comfortable 

general arrangement. A set of vessel forms are 

generated including mono and multi hulls, and the 

optimum vessel is searched according to minimize the 

total resistance, to fulfill the general arrangement 

requirements for solar panels and fuel cell equipments. 

The trimaran vessel is selected for providing an 

additional area for solar panels as a back up energy 

source, and a comparison study is made by changing 

the side hull positions in longitudinal and transversal 

directions. In addition the resistance characteristics for 

monohull, catamaran and trimaran vessels are 

compared with each other.  

 

2. HULL FORM DESIGN 

In the design of a boat with restricted power supply the 

designer needs a reverse approach to the design 

process. The widespread designs are carried out to 

fulfill the requirements of a given passenger capacity or 

length for a pleasure boat. In the case of the design of 

the hydrogen powered boat the design must fulfill the 

requirements in such a way that the power requirement 

of the boat is satisfied with 8.5 kW. For this purpose in 

the beginning of the design a hull form selection 

process is made by the comparison of different hull 

numbers. A monohull, a catamaran and a trimaran form 

with same displacement, waterline length and draft are 

compared by means of resistance for the design speed 

of 6 knots (Table 1). 

 
Table 1.Vessel Characteristics 

 

 
 

 

Monohull Catamaran Trimaran

Displacement (ton) 1.900 1.900 1.900

Draft to Baseline (m) 0.450 0.450 0.450

Waterline Length, Lwl (m) 8.600 8.600 8.600

Beam wl (m) 1.234 2.622 4.127

Speed (knot) 6.000 6.000 6.000
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The resistance characteristics are not the only 

comparison criteria since general arrangement, stability 

and an adequate area for the use of solar panels is also 

needed. The designs are developed by deforming the 

NPL hull form. 
 

 
 

Figure 6.Monohull form 

 

 
 

Figure 7.Catamaran form 

 

 
 

Figure 8.Trimaran form 

 

The hull form designs and calculations for resistance 

are made in the commercial ship design program 

Maxsurf 15 (Formsys). The calculations are made 

according to the slender body method. 

 
Table 2.Total resistance characteristics for different hull 

types. 

 

 
 

The general arrangement of the boat requires the safe 

installation of a 1.96 m. long hydrogen cylinder with 40 

cm. diameters. It is also desired to place solar panels to 

provide a supplementary energy source. In the trimaran 

condition the side hulls provide the placement of four 

solar panels while in the catamaran form the use of 

only two solar panels is possible. For these reasons the 

monohull and catamaran configurations do not provide 

an efficient general arrangement. For these reasons the 

trimaran hull form is selected. 

 

3. INVESTIGATION OF THE SIDE HULL 

POSITIONS ON THE RESISTANCE OF 

THE TRIMARAN FORM 

 

In this section the influence of the side hull positions 

on the resistance are investigated by the change of the 

side hull positions in the longitudinal and in the 

transversal directions.  

The side hull positions are changed beginning by zero 

in the aft perpendicular position to the fore 

perpendicular of the main body with a transversal 

extend of 1 m. The effect of longitudinal position of the 

side hulls is given in Figure 9. 

 

 
 

Figure 9. Resistance variation by the change of the side hull 

positions in longitudinal direction 

 

In the transversal position, the distance of the side hulls 

against the main body is increased. The effect of 

transversal position of the side hulls is given in Figure 

10. 

 

 
 

Figure 10. Resistance variation by the change of the side 

hulls in transversal direction 
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4. RESULTS 

The use of renewable energy systems as prime energy 

sources in vessels is a challenging task. Large space 

requirements and also a compact and light construction 

necessity bring along sophisticated designs. 

Especially multihull designs approach better to fulfill 

the design requirements. A monohull with similar 

displacement and draft shows lower resistance 

characteristics while it is difficult to provide an 

adequate general arrangement. 

In this study the design of a trimaran with a 8.5 kW 

fuel cell and 1.128 kW photovoltaic energy is 

examined. Although more total resistance, the trimaran 

form is preferred among investigated various hull 

forms. The trimaran form provide more space for solar 

panels and also due to the side hulls also an additional 

place for equipments so there is more usable area in 

comparison to  monohull or catamaran boat.  

The investigation of the side hull positions for design 

speed shows that a gain up to %14 can be obtained by 

the change of the side hull positions in longitudinal 

direction, and %8 in the case of transversal variation. 

 

 
 

Figure 11. YTU H2T project vessel 
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