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1. Introduction

Terengganu is a coastal state strategically located on the eastern seaboard of Peninsular Malaysia
and is surrounded by many islands. As such, water transportation becomes a major means of
transportation to connect the main island to other islands in Terengganu to carry passenger and
goods among others. Normally, the marine transportation is considered a conventional boat that is
powered by a diesel engine [1-3]. The use of diesel engine can produce emissions that can affect the
environment.

The operation of marine diesel engine contributes to the greenhouse outcome and to the
development of acid rain effect of the over-fertilisation of lakes and soil [4-5]. The radiated rate of
carbon monoxide (CO) is practically immaterial in lean blends (Fuel to air proportion (Fol)). Other
emission gases are the oxides of nitrogen (NOx), particulate matter or sediment (PM). Optional
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emissions are sulfur oxides (SOx) and unburned hydrocarbons (HC), as displayed in Table 1 [4-6]. The
expanding use of fuel in diesel motor can cause in the diminishing of sources.

Table 1

Emission factors for low speed engines [4-6]

Pollutant Static average Power

Fuel based factor

type based factor [g/kWh] [tonnes/day]
PM,p 15 -

PM, 5 12 -

DFM 13 -

NO, 17 0.087

50, 105 0.02*%Sulphur
co 1.4 0.0074

HC 06 -

€04 620 3.17

N,0 0031 -

CHy 0.006 0.0003

In marine diesel engine, the efficiencies of marine diesel engines have increased in recent
decades [8-9] and efforts are being continued to reduce specific fuel consumption and associated
pollution [10]. In some cases, efforts to reduce NOx and SOx pollutants will result in an increased
specific fuel consumption [11]. Hybrid electric vehicle (HEV) will be a new type of clean and energy
efficient powertrains, where the need for it is considered urgent in order to boost the fuel economy,
increase the all electric range (AER), and at the same time, mitigate the harmful emissions [12-13]. In
general, a HEV is used as internal combustion engine (ICE) to drive the boat and electric machine
(EM) as a generator to charge the energy system storage [14-16]. Nowadays, there are three types
of drivetrain configuration, which are the series hybrid, parallel hybrid and combined series-parallel
hybrid [17-18], as shown in Figure 1.

Fuel tank Fuel tank
Engine Engine
Generator Battery | Mator = Tramsmission Battery - Motor Transmission
Wheel Wh'eel
@ (b)
Fuel tank = Engine
Gearbox 1 Power split
Battery Inverter —  Motor * Transmission
Wheel

(c)
Fig. 1. The HEV drivetrain; (a) series hybrid, (b) parallel hybrid and (c)combined series-parallel hybrid
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In this paper, the series-parallel (PHERB) innovation on conventional boat is introduced to
minimize the fuel consumption and emission level [4-5]. In this study, the components sizing of
PHERB was determined using power flow method. Besides that, components sizing between
conventional boat and PHERB powertrains were compared using different driving cycles, which are
Kapas Island driving cycle and Kenyir Lake driving cycle.

2. Methodology

Design specifications, requirements and configurations are carried out in order to identify the
main components of conventional boat and PHERB powertrains.

2.1 Configuration of Conventional Boat and PHERB

In conventional boat powertrain, the main power to drive the boat is the engine, through the use
of fuel. Mostly, diesel engines are used in the propulsion system. In this system, the gearbox is used
to controlthe speed of engine in a certain ratio. Thus, the propeller speed can also be controlled. A
schematic illustration of conventional boat powertrain is shown in Figure 2.

Hydraulic
Fueltank | Mechanical
ICE —— Gearbox +----- Propeller

Fig. 2. Schematic illustration of conventional boat
powertrain

In the PHERB powertrain as shown in Figure 3, the main control source to drive the boat is the
electric machine (EM). The essential vitality of the EM is the battery pack to supply consistent power
to the boat and the secondry vitality source is the ultracapacitor pack which is utilized to retain the
power pulses amid regenerative braking and control for peak acceleration. The ICE is set as a
reinforcement control source. It works under specific conditions and will not be turned on at all times
in order to reduce the fuel consumption and emission. The size of the ICE can be at ist minimum since
its power is required only when the battery condition of state of charge (SOC) level is low and to give
required additional torque to help the EM to work the boat amid high torque drive condition.
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Fig. 3. Schematic illustration of PHERB powertrain [19]
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2.2 Parameters and Specifications of Conventional Boat and PHERB

To find the conventional boat and PHERB powertrain design specifications and requirements,
component sizing and selection for the EM, ICE and ESS was conducted. Based on the boat power
requirements for steady state velocity, the main components of conventional boat and PHERB
powertrain were sized according to the boat parameters, specifications and performance
requirements. After the sizing process, the components were selected based on specifications and
requirements of each component.

3. Results and Discussion

Power requirement using steady state velocity and different driving cycle is explained in this
section. Power requirement are used to determine component sizing of conventional boat and
PHERB using Pulau Kapas and Tasik Kenyir driving cycles.

3.1 Power Requirement using Steady State Velocity

The conventional boat and PHERB power required for steady state velocity as shown in Figure 4
is calculated using Eq. (1), where PE is an effective power and nT is the total propulsive efficiencies
[20].

Preq=PExnT (1)

Based on the boat power requirements for steady state velocity, the main components of the
conventional boat and PHERB powertrain were sized.

Power Requirement for Steady State Velocity
T T T T T

18 T

12

Power (kW)

[ - S
T

i L L
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g)peed (km/ri)5
Fig. 4. Power Requirement for steady state velocity

3.2 Conventional Boat Powertrain Sizing using Steady State Velocity

In conventional boat, the ICE powertrain undergoes sizing. The ICE is determined by power
requirement in the PHERB series concept. At 40 km/h in cruising mode, the maximum velocity is

assumed to achieve the power in the worst case scenario. The continuous ICE output power are found
to be 17.4 kW.
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3.3 PHERB Powertrain Sizing using Steady State Velocity

ICE, EM and energy system storage (ESS) were sized in PHERB powertrain. In ICE, the
requirements in PHERB series are determined. In this scenario, the maximum velocity assumed at 30
km/h in cruising mode are defined as the power in the worst case. The continuous ICE output power
in the sizing powertrain in PHERB is 7.6 kW. At an estimated efficiency of 85%, the mechanical input
power has to be 20 kW, which is the minimum continuous ICE power requirement. Hence, the electric
output power is 18 kW, while, the minimum requirement of continuous ICE power is 10 kW and the
electric power is 8 kW.

In EM sizing, the power needed for electric motor propulsion is defined by the maximum speed.
Maximum speed is assumed as 40 km/h. Maximum mass was considered in all calculations.
Therefore, 17.4 kW of propulsion power is needed to achieve 40 km/h.

For ESS, the available energy and maximum power are the two main ESS conditions. The available
energy should be adequate in pure electric driving mode, which is 10 km/h. Thus, the power needed
to propel the boat is 0.4 kW.

The overall drivetrain efficiency is assumed to be 60%, where the required battery storage
capacity is at least 0.7 kWh for pure electric range. Meanwhile, to boost the power propulsion, the
battery power should be sufficient. The amount needed is 6 kW. In full performance, a maximum
discharge is assumed as well. Consequently, 2 kWh is determined as the battery storage capacity.

3.4 Selected Components Parameters and Specifications

Table 2 lists the estimated main components of PHERB powertrain, which are EM, ICE and ESS
based on each component specifications and requirements during the sizing process.

Table 2
Main Components of the PHERB and conventional Boat
Powertrain for Steady State Velocity

Type of Boat PHERB Conventional Boat
Component Specifications
ICE 20 kW @ 3000 rpm 50 kW @ 4000 rpm
EM 30kW AC -
Induction motor
ESS Li, 5kwWh, 6 Ah

3.5 Power Requirement using Different River Driving Cycle

The analysis on the influence of actual developed driving cycle on the individual components that
make up the overall structure is carried out on the conventional and PHERB powertrains using Pulau
Kapas and Tasik Kenyir route map and driving cycles, are shown in Figure 5and 6.

The Pulau Kapas drive cycle lasts for 655 s, covering a distance of 1.89 km with an average speed
of 28.77 km/h and a maximum speed of 49.26 km/h. For Tasik Kenyir, the drive cycle lasts for 2293
s, covering a distance of 2.95 km with an average speed of 12.85 km/h and a maximum speed of
36.91 km/h. From the drivng cycle of each location, the power requirement was calculated using
equation (1).
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(a) Pulau Kapas (b) Tasik Kenyir

Fig. 5. The route map

Pulau Kapas Driving Cycle

Tasik Kenyir Driving Cycle
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Fig. 6. The driving cycle used; (a) Pulau Kapas, (b) Tasik Kenyir

The graph of power requirement for Pulau Kapas and Tasik Kenyir are shown in Figure 7. Based
on the PHERB power requirement as illustrated in Figure 5, the components sizing for Pulau Kapas
and Tasik Kenyir drive cycles are listed in Table 3. The need for power PHERB of ICE, EM, and ESS was
lesser than that of conventional boat. This shows that PHERB uses minimum power to drive the boat

than a conventional boat would. Besides that, the power of PHERB component sizing in Table 3 is in
the expected range for each component stated in Table 2.

Power Requirement for Pulau Kapas Driving Cycle Power Requirement for Tasik Kenyir Driving Cycle
20 T T T T T T 6 T T T T

151

Power (kW)
=

a
T

Power (kW)

o

0 5.62 40.40 3551 31.66 40.93 38.52

Speed (km/h)

o

.
16.22 11.37 17.37 10.66

Speed (km/h)
(a) (b)

Fig. 7. Power requirements for different driving cycle; (a) Pulau Kapas; (b) Tasik Kenyir

4. Conclusion

Power and capacity for EM, ICE and ESS results are within reasonable and expected range of the
component sizing for comparison using steady state and different driving cycle and it can be

concluded that the individual components that make up the overall structure of the PHERB
powertrain size is maximum compared to conventional boat.
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Table 3
Components Sizing for different driving cycle

Driving Steady state Pulau Kapas Tasik Kenyir

cycle velocity driving cycle driving cycle
Type of PHER CB PHERB CB PHER CB
Boat B (kw) (kw) (kw) B (kw
(kw) (kw) )
EM
Pem max 17.4 - 20.0 - 13.8 -
Pem, 11.8 - 17.4 - 7.6 -
continuou
S max
ICE
Pice, 7.6 17.4 11.9 22.4 4.5 16.5
continuou
s =Pem
max
Pice, 10.0 20.0 14.0 28.5 5.0 21.9
continuou
S max
ESS
Pem max 0.4 - 2.5 kwW - 2.4 -
kw kw
Eess, min 0.7 - 4.1 - 4.1 -
kWh kWh kWh
Pess, max 6.0 - 5.1kw - 6.4 -
kW kW
Eess 2.0 - 1.7 - 2.1 -
kWh kWh kWh
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