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Abstract:
Hybrid turbocharger is a turbocharger with a small, 

high-speed generator and is installed on marine diesel 
engines. A power supply system with Hybrid turbo-
charger for marine application was developed jointly by 
Japan Marine United Corp. (hereafter, JMU) and other 
companies. Use of the power supply system while a main 
propulsion engine is under normal load condition 
enables to produce enough electric power even without 
running ship’s diesel generator engine, and, therefore, 
reduces fuel usage and cost. Outline and feature of this 
system are discussed, and JMU’s focusing points which 
make the generator possible to operate stand-alone as a 
marine generator are also described. In addition, the 
safety of the power supply system on this development 
has been also confirmed at the first vessel which the sys-
tem was installed on, built at JMU.

1.	 Introduction

In response to recent calls for countermeasures 
against global warming, reduction of greenhouse gases 
(hereinafter, GHG) emitted from the engine plants of 
ships has been discussed, regulated, and made compul-
sory by the International Maritime Organization (IMO) 1). 
Greenhouse gases emitted from ships are caused mainly 
by CO2 generated by combustion of the fuels used by 
the ship’s propulsion engine (main engine) and diesel 
generators. Accordingly, in order to reduce GHG from 
ships, it is necessary to construct a high efficiency 
engine plant, in other words, an engine plant with low 
fuel consumption.

The fuels which are mainly used by ships are liquid 
petroleum fuels, as represented by heavy fuel oil. The 
prices of these fuels are linked to that of crude oil and 

are continuing to rise year after year. The sharp rise in 
the price of fuel, which accounts for the larger part of 
ship operating costs, is putting pressure on operating 
profitability and has become a serious issue in the ship-
ping industry, and as a result, the commercial value of 
low fuel consumption ships has risen dramatically.

As technologies for improving the efficiency of ship 
engine plants, among waste heat recovery technologies 
utilizing the energy of exhaust gas from the main engine, 
steam turbine power generation is the general practice. 
However, this approach had not been applied in compar-
atively small ships because an adequate amount of waste 
heat cannot be obtained, there are large restrictions on 
the layout in the engine room due to space limitations, 
etc.

Where this point is concerned, the hybrid turbo-
charger, which was developed by Mitsubishi Heavy 
Industries, Ltd., is a device in which a compact genera-
tor is built into the turbocharger installed on propulsion 
engine, and is attractive from the viewpoint that no 
major changes in the engine room layout are required2). 
However, no ship power supply system which supplies 
electric power by using this generator in stand-alone 
operation was available. Generally, shipboard electric 
power is covered by operation of a diesel generators. 
However, if shipboard electric power requirements can 
be satisfied by stand-alone operation of a waste heat 
recovery-type generator, it is not necessary to operate 
the diesel generator, thereby contributing to reduced fuel 
consumption.

This paper discusses the outline and features of a 
system which was developed and applied practically to a 
bulk carrier built by Japan Marine United Corp. (JMU). 
Development of the system was carried out jointly with 
the ship owner, shipyard, engine manufacturer, turbo-
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charger manufacturer, and electrical machinery manu-
facturer. Among these, this paper describes the measures 
that enabled stand-alone operation of the hybrid turbo-
charger, which were a particular focus of efforts by JMU 
in this development, and also reports the results of veri-
fication when the system was installed in an actual ship.

2.	 Outline of Power Supply System

2.1	 Principle of System

Figure 1 shows a sectional view of the hybrid turbo-
charger. In the hybrid turbocharger, a compact, high 
speed generator is built into part of the structure of the 
turbocharger installed on the ship’s main engine (the 
location of the generator is shown by the broken-line 
box in Fig. 1). As a distinctive feature, in addition to the 
essential work of the turbocharger, that is, supplying air 
to the main engine using the exhaust gas from the engine 
as a drive power, electricity can also be generated by the 
generator, which is coupled directly to the rotor shaft of 
the turbocharger.

In recent years, the efficiency of turbochargers has 
been improved, and particularly in the high engine load 
operating region, there have been cases in which the 
energy of the exhaust gas from the main engine was in 
surplus relative to the work of supplying air to the 
engine. If the energy of this exhaust gas cannot be uti-
lized for some other purpose after it passes through the 
turbocharger, it becomes discarded energy, i.e., waste 
energy. From this viewpoint, the hybrid turbocharger, 
which effectively utilizes this exhaust gas energy to gen-
erate electricity, can be called an exhaust heat recovery 
technology.

2.2	 Configuration of Main Equipment

Figure 2 shows the configuration of the ship power 
supply system using the hybrid turbocharger. The power 
supply system comprises mainly a permanent magnetic 

generator (hereinafter, PMG), converter, inverter, and 
main switchboard. The following describes the flow to 
use as a ship power supply, together with the distinctive 
features of each device.

2.2.1	 PMG

As mentioned above, the power source of the PMG is 
the turbocharger to which it is directly coupled on the 
same shaft. Its rotational speed (rpm) depends on the 
main engine load, and thus varies from 0 to approxi-
mately 10 000 min−1. The electric power generated by 
the PMG accompanied by the rotation of the turbo-
charger is 3-phase alternating current (AC) in the range 
of 0–400 V and 0–670 Hz, which is not suitable for use 
as a power supply for the ship.

2.2.2	 Converter

The converter is a device which rectifies the AC 
power generated by the PMG to direct current (DC) 
power with a constant voltage. As a switching device, 
the converter adopted an IGBT (insulated gate bipolar 
transistor) device with good response to be capable of 
responding to a high frequency power source.

2.2.3	 Inverter

The inverter performs inverse transformation (inver-
sion) of the DC power rectified by the converter to AC 
450 V and 60 Hz, which can be used as a ship power 
supply. An IGBT is also used for switching in this 
device.

The system makes it possible to obtain a stable 
power supply by passing the fluctuating power generated 
by the PMG through the converter and inverter.

On the other hand, seen from the power-receiving 
side, the inverter is the final power supply source. This 
system, in which this type of stationary power supply 
circuit is used as the main power source and provides a 
stand-alone power supply without parallel running with 
another diesel generator, etc., is unprecedented as a 

Fig. 1  Section of hybrid turbocharger

Source: Mitsubishi Heavy Industries, Ltd.

Fig. 2  System configuration of power supply system
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shipboard power supply system.
In realizing a stand-alone power supply by the hybrid 

turbocharger, it was necessary to overcome the follow-
ing three major issues:
(1) Autonomous Control of Voltage and Frequency

When parallel running with another generator is a 
condition, an alternating current sine wave can be 
output so as to be synchronized with the other gener-
ator. However, because there is no other reference 
waveform in stand-alone operation, voltage and fre-
quency must be determined autonomously. Therefore, 
stable operation was realized by calculating and out-
putting the same voltage characteristics and fre-
quency characteristics as those of the conventional 
diesel generator. And momentary voltage and fre-
quency variations during large motor starting are not 
to exceed specified values required by classification 
society. Together with this, higher harmonics mea-
sures were implemented so that total harmonic distor-
tion (THD) in the distribution system is within 5%, 
as required by the classification society.

(2) Supply of Reactive Power
Reactive power is power which does not consume 

electrical energy in a circuit, but is power by a cur-
rent component that has a phase difference of 90° 
from the voltage that passes when connected to 
inductive loads such as motors, transformers, etc. or 
capacitive loads such as condensers, etc. The larger 
part of the electric load on a ship is electric motors in 
drive applications for propulsion auxiliary machiner-
ies, and supply of reactive power is necessary to run 
inductive loads such as motors. When an inductive 
load is in service, a phase difference is generated 
between the voltage and current. In cases where a 
sine wave is output from a switching circuit like an 
inverter, it is necessary to pass a current of the oppo-
site polarity from that of the voltage. As a measure 
for this, supply of reactive power was made possible 
by reverse connection of the feedback diode with the 
switching device.

(3) Supply of Sustained Short-Circuit Current
As an over current protection function, conventional 

inverters perform current breaking by activating a 
protective function in case of an over current of 
150% to 200% of the rated current. However, in ship 
power supply systems, the classification society 
requires that the generator supply a sustained short-
circuit current of 3 times the rated current for 2 sec-
onds. This is required because the protective device 
(breaker) that is located at higher-level than the fault 
point will be activated by the flow of the large current 
during a short-circuit accident, thereby isolating the 
faulty circuit. As measures for this, the inverter was 
given a capacity which makes it possible to supply a 

short-circuit current, and a control function which 
passes a short-circuit current of 300% or rated current 
for at least 2 seconds during power supply accidents 
was added.

2.2.4	Main switchboard

A general type structure is used in the main switch-
board. However, as a control function of the panel, total 
power management in the ship is performed, including 
the hybrid turbocharger.

The amount of power which can be generated by the 
hybrid turbocharger varies depending on the main 
engine load, and power generation is inadequate for 
shipboard power load particularly in the low engine load 
region. Moreover, if an excessive amount of power is 
taken out from the hybrid turbocharger, this will reduce 
the air intake to the main engine, which is the essential 
work of the turbocharger, and may damage the long-
term reliability of the main engine. Therefore, a system 
was adopted in which the appropriate amount of power 
generation for the main engine load was calculated 
based on various parameters and controlled in the main 
switchboard.

Furthermore, cases in which power generating capac-
ity suddenly stops due to crash stopping of the ship, 
main engine emergency stop, or the like are also con-
ceivable. A protection sequence was constructed includ-
ing, for example, automatic starting of the standby gen-
erator, etc., so that power can be supplied continuously 
even in such cases.

3.	 Results of Verification of Actual System

The developed ship power supply system was 
installed on an actual ship for the first time in the world 
on a bulk carrier constructed by JMU. This ship has a 
propulsion plant in which one fixed-pitch propeller is 
directly coupled to one main engine.

Photo 1 shows the main components of the power 
supply system installed on the first vessel. These compo-
nents are installed in the engine room compartment of 
the ship.

This power supply system was installed in the actual 
ship after a single running test of the turbocharger and 
performance verification when it was equipped in the 
propulsion engine3). The following presents examples of 
verification of the performance and function of the sys-
tem which enables stand-alone supply of electric power, 
as described in the preceding chapters.

3.1	 Hybrid Turbocharger Single Running Test

Figure 3 shows the time-series transition of the sup-
plied electric power, main engine revolution, and turbo-
charger revolution when supplying power in the ship by 
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stand-alone operation of the power supply system. The 
cases of starting and stopping of large capacity load are 
shown as variations in the power load in the ship. It was 
confirmed that the system can follow these variations in 
the power load and supply power stably. It was also 
found that power supply is possible at these times with 
no influence on the main engine speed.

3.2	 Crash Astern Test

Figure 4 shows the time-series transition of the sup-
plied power of the shipboard generator and the main 
engine revolution in a crash astern test.

In order to ensure safety in emergencies, it is neces-
sary to satisfy a certain braking distance in ships. For 
this, it is important to perform a sequence of operations 
without delay during the crash astern maneuver. These 
operations are stopping the fuel supply to the main 
engine, instantly reducing the engine load, and then 
charging braking air and reversing the main engine. 
Therefore, the function of the safety devices constructed 
in the main switchboard was verified.

As shown in Fig. 4, (1) when the crash astern opera-
tion was initiated during stand-alone operation of the 
hybrid turbocharger, (2) after establishing independent 
starting of the standby generator and (3) shutting down 
the hybrid turbocharger, (4) the fuel supply to the main 
engine was stopped and the main engine was reversed, 

and (5) the vessel was stopped, thereby demonstrating 
that control is possible with no problems. This test con-
firmed that braking and stopping are possible within the 
braking distance provided in the applicable regulations.

4.	 Conclusion

Japan Marine United Corp., in joint work with other 
companies, developed and practically applied a ship 
power supply system using a hybrid turbocharger. The 
features of the system are as follows.
(1) The hybrid turbocharger is exhaust heat recovery 

technology which does not require major modifica-
tions of the engine room layout and can be applied to 
comparatively small ships, as the equipment com-
prises a compact generator built into the turbocharger 
equipped on the main engine.

(2) This power supply system makes it possible to sup-
ply electric power by stand-alone operation of the 
hybrid turbocharger, and as such, it is without prece-
dent as a shipboard power system. The main issues 
which were overcome in the development of this 
technology were autonomous control of voltage and 
frequency, supply of reactive power, supply of sus-
tained short-circuit current, and implementation of 
power management coupled with the main engine.

(3) The developed ship power supply system was 

Photo1  Main component of power supply system on the first vessel

Fig. 3 �Result of load variation test with hybrid turbocharger 
single running

Fig. 4  Result of crush astern test
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ment of this ship power supply system.
The in-service demonstration test of this power gen-

erating system has been carried out with the support of 
the Japanese government, which invested in the technol-
ogy as part of its program to reduce maritime emissions, 
and Nippon Kaiji Kyokai, which supported the develop-
ment as part of its joint R&D industry program.
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installed for the first time in the world on a bulk car-
rier constructed by JMU. Through actual ship verifi-
cation tests, the fact that stand-alone operation is pos-
sible using this power supply system and also the 
performance and function of the system were con-
firmed.
This paper has described the features of the system 

and the issues up to development and practical applica-
tion and their solutions. Although not discussed in this 
paper, an energy saving effect of approximately 2% has 
also been confirmed with this system.
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