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ABSTRACT

There are promising application prospects for applying the shore power technology to the ships in the port for the purpose 
of pollution prevention. However, the grid-connection of the shore power supply to the ship power grid leads to current 
surges, damages the ship power consumption equipment, and results in the instability of the ship power grid system, 
which will seriously affect the reliability of the operation of the ship power grid system. In order to address this problem, 
the mathematical model of virtual synchronous generator is introduced in this paper. Then, a control method for the 
flexible grid-connection of the shore power supply to the ship power grid based on the virtual synchronous generator 
is proposed. Next, the output characteristics of the shore power supply are optimized to match the characteristics 
of the ship generator, which contributes to the flexible grid-connection of the shore power supply to the ship power grid 
system. The effectiveness and the feasibility of this method are verified by simulation and experiments.

Keywords: Shore power supply; Ship power system; Virtual synchronous generator; Flexible control

INTRODUCTION

The shore-to-ship power system in the port refers to the 
shore power station that powers the ship, when the ship berths 
at the terminal and when the operation of all the ship diesel 
power stations is stopped. The voltage, frequency, and power 
of the shore power supply should be able to meet the necessary 
power demand of all power facilities after the ship is docked, 
thus reducing the emission of pollutants at the port, which 
symbolizes a revolutionary advancement in the field of port 
and ship power supply systems [1,2].

The implementation of the shore power technology on 
the ships in the port for the purpose of pollution prevention 
has been demonstrated by experts and scholars at home 
and abroad. The ship grid voltage includes both low voltage 

and high voltage, the former referring to 440 V/400 V while 
the latter referring to 6.6kV/6kV [3]. In 2000, the first high-
voltage shore power system was designed and installed at the 
ferry terminal of Gothenburg Port, Sweden. This technology 
has reduced the emission of pollutants by 94%-97% during 
the ship docking process [2]. Subsequently, the shore power 
technology was successively applied in the major ports in the 
European Union, such as the container terminals (Rotterdam 
Port in Netherlands and Antwerp Port in Belgium) and 
ferry terminals (Zeebrugge Port and Gothenburg Port). The 
grid-connection of the shore power supply has significantly 
improved the environmental quality.

The ship power grid system generally regulates the 
operations through the ship energy management system 
and achieves the power distribution and related operating 



POLISH MARITIME RESEARCH, No S2/2018140

parameters. In order to adapt to the power distribution of the 
ship power grid, the power electronic device generally adopts 
the droop control strategy on the grid-connected side [4]. The 
droop control simulates the droop external characteristics of 
the generator by sampling, feeding back, and responding to the 
magnitude and frequency of the grid voltage. Although this 
control method has achieved excellent results in the inverter 
operation control and power distribution during the off-grid 
operation, it may bring significant transient current impact to 
grid-connected inverters [5]. In addition, in this simulation 
method based on the droop external characteristics of the 
generator the improper design of the droop coefficients may 
directly lead to the instability of the grid-connected inverter 
system [6]. The inverter performance based on this control 
method obviously cannot be compared with the conventional 
generator. Therefore, the grid-connection of the shore power 
supply to the ship power grid will impact the ship’s power grid 
and damage the ship’s power equipment. Besides, there will be 
difficulties in designing the system parameters, which easily 
leads to the system instability. Consequently, it is difficult to 
connect the shore power supply to the ship generator.

The synchronverter technology proposed by Professor 
Zhong Qingchang was used to connect the synchronous 
generator to the power electronic device so that the power 
electronic device can simulate the inertia and damping 
characteristics of the synchronous generator, which provides 
new solution to the grid-connected self-synchronization issue 
of the distributed power supply [7]. The mechanical and 
electrical equations of the synchronous generator were applied 
to the control algorithm of the grid-connected inverter. Then, 
the damping coefficients and the inertia time constant were 
adjusted so that the inverter was equipped with the inertia 
and damping characteristics of the synchronous generator 
while performing the power conversion, which can support 
the voltage and frequency stability of the power grid to 
a certain extent [8,9]. The key part of this technology is that 
it can simulate the inertia characteristics of a synchronous 
generator and induce a certain “inertia” into the distribution 
network. In the shore-to-ship power system based on power 
electronic inverters with the power system frequency and 
voltage modulation control algorithm, the shore power 

supply was able to simulate the frequency and voltage control 
characteristics of the synchronous generator. The synchronous 
generator can match the output characteristics of shore power 
supply to the characteristics of the ship generator in order 
to flexibly connect the shore power supply to the ship power 
grid, increase the stability of the shore power supply, reduce 
the impact on the ship power grid, and protect the ship’s 
power consumption equipment.

This paper presents a flexible grid-connected control 
strategy based on the virtual synchronous generator 
technology. Compared with the existing shore power 
supply technology, the proposed method is able to realize 
the functions of the traditional shore power supply and 
optimize the output characteristics of the shore power supply 
by approximating them to the characteristics of the ship 
generator, which is beneficial for the flexible grid-connection 
of the shore power supply to the ship power grid. Therefore, 
this study is of significant theoretical and engineering value.

TOPOLOGY AND THE PRINCIPLE 
OF SHORE POWER SUPPLY

The shore-to-ship power system is shown in Fig. 1. The 
690 V/50 Hz AC power from the land-based power grid is 
rectified to DC power by 12-pulse rectifier to maintain the 
voltage stability of the DC sides and to avoid the harmonic 
pollution to the power grid. The outputs of the two sets 
of PWM inverters are connected in parallel and then to the 
440 V/60 Hz ship power grid to form a power supply system, 
after the ship is docked.

Under the traditional shore power supply control method, 
the operational process of the shore power supply when 
the ship is docked is as follows: the ship diesel generator is 
stopped (the ship load is cut off) → the shore power supply 
is accessed → the shore power supply is started (the ship load is 
restored). The virtual synchronous generator control strategy 
enables the shore power supply system with the output 
droop, electrical, and mechanical characteristics to operate 
similarly to those of the diesel generator sets, ensuring the 
stable parallel operation and realizing the same scheduling 
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Fig. 1. Shore-to-ship power system
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EXPERIMENTAL VERIFICATION

Fig. 6. 600 kVA*2 shore power supply device

Fig. 6 shows the 600 kVA*2 shore power supply device. The 
specific topology is shown in Fig. 1. DSP + FPGA framework 
is used in the controller. DSP is used to implement the control 
algorithm, and FPGA is used to implement logical judgment, 
fault handling, communication, and other functions.

Under the control method proposed in this paper, the 
shore power supply has the ability to automatically participate 
in the regulation of the ship power grid, which means that 
it can automatically regulate its output active power and 
reactive power according to the change in the grid voltage 
amplitude and frequency. Regarding the control parameters, 
the following cases are designed: the frequency of the ship 
grid voltage changes by 1 Hz and the active power changes 
by 5 kW; the amplitude of the ship grid voltage changes by 
10% and the reactive power changes by 12 kVar.

Time: [20 ms/div]

vga: [100 V/div]iga: [10 A/div]

(a) The frequency of the ship grid voltage reduces (increases) by 1 Hz, and the 
active power increases (reduces) by 5 kW

Time: [20 ms/div]

vga: [100 V/div] iga: [10 A/div]

(b) The amplitude of the ship grid voltage increases (reduces) by 5%, 
and the reactive power reduces (increases) by 6 kVar 

 
Fig. 7. Experimental waveforms when the shore power supply participates 

in the power regulation of the ship power grid

Fig. 7 shows the experimental waveforms of the following 
cases: (a) the frequency of the ship grid voltage reduces by 
1 Hz and the active power increases by 5 kW; the frequency of 
the ship grid voltage increases by 1 Hz and the active power 
reduces by 5 kW; (b) the amplitude of the ship grid voltage 
decreases by 5% and the reactive power increases by 6 kVar; 
the amplitude of the ship grid voltage increases by 5% and 
the reactive power reduces by 6 kVar. It can be seen from 
Fig. 7 that the solid state module can automatically regulate 
its output active power and reactive power according to the 
frequency and amplitude of the grid voltage, and the power 
change is the same as the reference value, which meets the 
indicator requirement. In addition, it can be clearly seen 
that after the frequency or voltage jumps, it takes a certain 
period of time for the output active power or reactive power 
to stabilize, which confirms the presence of certain inertia 
after the integration of the virtual generator control.

Fig. 8 shows the dynamic waveforms when the shore power 
supply is connected to the ship power grid. At the time t1, the 
diesel generators are connected to the ship power grid, and 
the load is completely supplied by the diesel generators. At the 
time t2, the shore power supply is connected, and it supplies 
part of the load under the coordination of the PMS. Then, the 
output current of the diesel generators idga gradually decreases, 
while the output current of the shore power supply iga increases. 
At the time t3, the load is completely transferred to the shore 
power supply, and the diesel generators produce zero output 
current and can be shut down. During the entire process, 
the ship power grid receives uninterrupted power supply, 
and the flexible grid connection of the shore power supply is 
realized, which effectively protects the ship power grid and 
its power consumption equipment.
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Time: [10ms/div]
idga:[20A/div]
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Fig. 8. Dynamic waveforms when the shore power supply is connected 
to ship power grid

CONCLUSION

In this paper, based on the study of the topology and 
the working principle of the shore power supply, a control 
method for the flexible grid-connection of the shore power 
supply to the ship power grid is proposed. The method is 
based on the virtual synchronous generator technology and 
addresses the problems of traditional control methods of 
the grid-connection of the shore power supply to the ship 
power grid: current surges, damages to the ship power 
consumption equipment, and the resulting instability of 
the ship power grid system. The proposed method can not 
only implement the functions of the traditional shore power 
supply system, but also optimize the output characteristics 
of the shore power supply and make them closer to those of 
the ship generator sets, which contributes to the flexible grid-
connection of the shore power supply to the ship power grid. 
In order to verify the feasibility and effectiveness of the control 
method proposed in this paper, respective simulations and 
experiments are carried out. The results show that this method 
presents better steady-state and transient performance and 
has great value for its application in the shore-to-ship power 
system.
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