
Journal of Asian Electric Vehicles, Volume 13, Number 2, December 2015

1747

The Performance of a Newly Developed Plug-in Hybrid Cruising Boat

Shigeyuki Minami 1, Takafumi Yamada 2, Kazuto Koizumi 3, and Hiroshi Ikeda 4

1 Research Institute for Artificial Photosynthesis, and Advanced Research Institute for Natural Science and Technology,
Osaka City University, minami@elec.eng.osaka-cu.ac.jp

2 Research Institute for Artificial Photosynthesis, and Advanced Research Institute for Natural Science and Technology,
Osaka City University, yamada1953@recap.osaka-cu.ac.jp

3 Research Institute for Artificial Photosynthesis, and Advanced Research Institute for Natural Science and Technology,
Osaka City University, kkoizumi@ado.osaka-cu.ac.jp

4 Research Institute for Artificial Photosynthesis, and Advanced Research Institute for Natural Science and Technology,
Osaka City University, ikeda@ado.osaka-cu.ac.jp

Abstract
Power consumption is proportional to the cubic of the velocity. The lower the velocity, the smaller the energy 
consumption can be achieved for propulsion. To minimize the possible range for one charge is one of the most 
important issues for the electric boat because of the limited battery stored energy. A slow speed cruising boat is 
one of the best choices for the electrification of boats. The robust performance of a conventional internal com-
bustion engine is also an important factor for the boat. In this paper, the performance of a newly developed plug-
in hybrid electric cruising boat, based on such a kind of design concept, is described. A newly designed boat, 
with a riding capacity of 30 passengers and the length overall of 9.66 m, is driven by two 10 kW electric mo-
tors with 2 propeller shafts, and by a diesel outboard engine of 40 hp. These two power sources can be selected 
manually. A diesel engine of 11 kW (200 V AC) is used to charge the battery of 9.6 kWh. The cruising boat was 
demonstrated in public for one month in September 2015 travelling on a river near a Japanese old castle in Wa-
kayama prefecture successfully with more than 200 passengers a day as a plug-in hybrid mode. The high power 
output of the on-board electric generator has also proved the usefulness of electricity in a case of disaster.
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1.  INTRODUCTION
In this research, different kinds of plug-in hybrid 
boats were constructed. One is a prototype model of a 
plug-in hybrid boat, called PHEB-1® with the length 
overall (LOA) of 6.7 m. This boat has a 85 hp diesel 
engine and a 20 hp electric motor. It shows an effec-
tive performance of low noise, locally no polluted gas 
emission, low vibration by electric mode, and reliabil-
ity because of the hybrid mode with a Diesel engine. 
The other is a plug-in fishing boat named PHEB-
2 (LOA of 12 m). The PHEB-2 is constructed by 
modifying a normal diesel engine fishing boat. It was 
found that the boat shows an outstanding CO2 reduc-
tion performance of more than 80 % compared with 
simple diesel engine operation when the boat works 
as a fixed point fishing pattern including the outward 
and return journeys from the port to the point [Minami, 
2003; 2013; Minami et al., 2014; 2015]. The evalua-
tion was based on the use of electricity from the com-
mercial grid. This research has been conducted at the 
fishing area around a detached fishing island in Japan. 

Actually, the CO2 reduction could be more effective, 
because renewable energy of solar power and wind 
power were used during the campaign in 2014-2016.
Based on the actual fuel consumption patterns of fish-
ing by the fishermen, the quantitative analysis of daily 
fuel consumption was performed [Minami et al., 2014; 
2015]. The remarkable reduction of oil consumption 
is due to the high efficiency of the electric motor and 
the idling stop function during fixed fishing operation. 
The PHEB-2 system by modifying a normal diesel en-
gine fishing boat would have a high potential to spread 
because of easier and lower cost for production. By 
using the PHEB-2 and renewable energy charging sta-
tions, the S2G system is experimentally conducted. 
The S2G stands for Ship to Grid. It was attempted 
to demonstrate the performance of the S2G (ship to 
grid). The PHEB-2 has a generator of 10 kW, so that 
it is possible to send electricity to the island when a 
natural disaster happens. This has been described by 
Minami et al. [2010; 2015].
The newly developed cursing boat, PHEB-3 also has 
a generator of 11 kW to supply not only the on-board 
charging of batteries but also the electricity supply in 
the case of electricity black-out by natural disaster.
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2.  CONSTRUCTION OF PHEB-3
The PHEB-3 is designed to be used for cruising of 30 
passengers with the velocity of up to 10 km/h in rivers 
or lakes. The boat selected is the LOA of 9.66 m and 
the beam of 3.10 m. In Japan, there are still very few 
places for charging near boat terminals. It is actually 
necessary to generate on-board to charge the battery 
for the use of a battery boat.
The required power vs. the velocity of PHEB was 
experimentally tested before setting the motor and the 
battery. One outboard electric motor was temporally 
installed, as shown in Figure 1. The result, as shown 
in Figure 2, indicates that the input electric power of 
20 hp (15 kW) is necessary to obtain the velocity of 
10 km/h. An internal combustion engine for the main 
thrust is located at the centre axis of the boat. It is 
necessary to set two electric motors with 2 propeller 
shafts which have to be installed beside the main en-
gine, as shown in Figure 3.
The maximum power of the electric motor is 10 kW 
continuous. The permanent magnet DC brushless mo-

Fig. 1  A photograph of the tested boat and the tempo-
rally installed electric outboard motor

Fig. 3  The layout of the power train and the location of the equipment of PHEB-3

tor for 96 V nominal battery voltage was selected to 
obtain high efficiency and safety. The battery of 10 
kWh was used for 1 hour continuous cruising. At any 
time, it is possible to charge the battery by the on-
board generator. The generator of 11 kW, single phase 

Fig. 4  A photograph of an 11 kW diesel electric gen-
erator

Fig. 2  The relation between the required input electric 
power vs. the velocity of the boat
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Fig. 5  The arrangement of the equipments of the PHEB-3

Fig. 6  A photograph of the unique diesel outboard 
motor

200 V, was used as shown in Figure 4.
For the capacity of 30 passengers, 4 wooden bench 
seats were used. Japanese law requests an area of 45 
cm x 45 cm for each passenger. The arrangement and 
the location of the drive train and the equipment are 
shown in Figure 5. For chemical safety, reliability and 
good fuel efficiency, a diesel engine was selected for 
the main thrust power. Figure 6 shows a unique out-
board diesel engine, model S403X (maximum power 
of 40 hp), made by Yanmar Co., Ltd.

3.  PHEB-3 SHOWN IN PUBLIC
The purpose of the construction of PHEB-3 was to 
demonstrate the usefulness of the plug-in hybrid boat 
to gain revitalization of marine industries in the future. 
Figure 7 and Figure 8 are photographs of PHEB-3. As 
shown in Figure 9, the PHEB-3 is used in public to 
show the excellent performance of such plug-in sys-
tem; quietness and no polluted gas emission from the 
electric drive train. The easy operation of continuing 
cruising for almost all day long was demonstrated as 
an established fact in September 2016 at Wakayama 
river cruising in Japan. As shown in Figure 9, 30 peo-
ple on board of almost each cruise reported an enjoy-
able trip throughout the campaign.

Fig. 7  A photograph of the side view of the PHEB-3

Fig. 8  A photograph of the stern view of the PHEB-3

Fig. 9  A photograph of the demonstration of the 
PHEB-3 in 2015
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4.  CONCLUSIONS
The PHEB system for cruising was examined by a 
newly developed 30 passenger river cruising plug-in 
hybrid boat. The result shows a successful perfor-
mance of technological usefulness as well as the pas-
senger’s full satisfaction for river cruising. To improve 
such a PHEB system, it would be necessary to have 
an easier handling function and automated operation 
in the future. Low cost production is also an impor-
tant factor for the spread of such systems. It is said in 
Japan that electric high speed boat with a simple pure 
battery will not succeed to spread. People who are 
just optimistic and do not have experience of the real 
world often expect such a difficult electric boat. There 
are very few places to change the battery near ports in 
Japan. The energy density of the battery is still very 
low for long range as well as high speed travelling. 
From the reliability point of view, such a pure battery 
boat cannot be the showcase for the future spread of 
boats. Actually, in Holland in 2015, many pure battery 
electric boats could be seen. The country has luckily 
many marinas to charge the battery.
Japan is really an underdeveloped country concern-
ing river cruising pleasure boats compared to other 
countries in Europe and North America. It is hoped 
that Japanese people can find the beauty of a river it-
self from being on the water as a source of a peaceful 
mind. By the use of an electric boat, people can have a 
pleasant time because there are so many beautiful riv-
ers and lakes in Japan.
There are several important practical usages of an 
electric boat, such as fixed point fishing, slow speed 
cruising, and working boats, which require quietness 
at a clean area. The newly developed cruising boat is 
designed to be used in such lakes or rivers with slow 
speed.
The system of the power train with a battery and an 
electric motor has higher weight rather than the sys-
tem with foci fuel and an internal combustion engine. 
To utilize the great advantages of quietness and no 
polluted gas exhaust of electric motor systems, an 
electric boat is an extremely good choice rather than 
an electric vehicle. The internal combustion engine 
has been well advanced for automobiles. Small boats 
are usually not surrounded by a roof to prevent noise 
and pollution from the engine.
It is also important to use the boat as slowly as pos-
sible to minimize the use of battery energy. If a boat 
runs twice the velocity, the power of 8 times is neces-
sary. Including the 50 % of run time, still the total en-
ergy of 4 times is required. This is the reason why the 
electrification is recommended for the cruising boat 
[Minami, 2003; 2004; Minami et al., 2003].
In this paper, such advantages of an electric boat with 

an internal combustion engine are described by show-
ing the results of a newly constructed 30 PAX 9.66 m 
LOA plug-in hybrid cruising boat.
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