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ABSTRACT

The use of new energy generation technologies such as solar energy and electric propulsion technologies to form integrated 
power propulsion technology for ships has become one of the most concerned green technologies on ships. Based on the 
introduction of the principles and usage patterns of solar photovoltaic systems, the application characteristics of solar 
photovoltaic systems and their components in ships are analyzed. The important characteristics of the marine power 
grid based on solar photovoltaic systems are explored and summarized, providing a basis for future system design 
and application. Photovoltaic solar cells are made using semiconductor effects that convert solar radiation directly 
into electrical energy. Several such battery devices are packaged into photovoltaic solar cell modules, and several 
components are combined into a certain power photovoltaic array according to actual needs, and are matched with 
devices such as energy storage, measurement, and control to form a photovoltaic power generation system. This article 
refers to the basic principle and composition of the land-use solar photovoltaic system, and analyzes the difference 
between the operational mode and the land use of the large-scale ocean-going ship solar photovoltaic system. Specific 
analysis of large-scale ocean-going ship solar photovoltaic system complete set of technical route, for the construction 
of marine solar photovoltaic system to provide design ideas.
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INTRODUCTION

As the core part of the system, solar panels function to 
directly convert solar energy into direct-current form of 
electrical energy, and generally only output energy during 
the day when there is sunlight. According to the needs of 
the load, the system generally uses lead-acid batteries as the 
energy storage link. When the power generation is greater 
than the load, the solar battery charges the battery through 
the charger. When the power generation is insufficient, the 
solar battery and the battery simultaneously supply power to 
the load. Currently used grid-connected photovoltaic power 
generation systems have two structural forms. The battery-
storage energy link is called schedulable grid-connected 
photovoltaic power generation system; the non-battery link is 

called grid-connected photovoltaic power generation system. 
For large-scale ocean-going vessels, a comprehensive analysis 
of the energy utilization optimization, program feasibility, 
system reliability, and economic efficiency, etc., the feasible 
photovoltaic energy utilization mode is the grid connection 
mode and off-grid mode [1,2,3]. Considering that a ship is a 
limited space body, the links among them, equipment and 
systems are very relevant, and the design process can refer to 
the design of land-use photovoltaic systems. But at the same 
time, we must also fully consider the differences between the 
land-use and marine-use PV systems. As a maritime mobile 
platform, large-scale ocean-going vessels must be equipped 
with any equipment to ensure the safety of vessels [4,5].



POLISH MARITIME RESEARCH, No S2/2018 177

Building a solar photovoltaic system on a large-scale ocean-
going vessel involves not only the ship power system, but also 
aspects such as the hull structure, safe operation of the ship, 
and economical analysis. Therefore, the installation and use 
of photovoltaic systems on large ocean-going vessels needs to 
be completed in stages according to actual conditions. Due 
to the differences in the structure, functions and applicable 
routes of different ship types, when a large-scale ocean-going 
ship is to build a high-power solar photovoltaic system, it is 
not possible to arbitrarily select a ship as a loading platform 
[6,7,8]. We must consider the arrangement of photovoltaic 
solar arrays in large areas, the level of safety protection, 
and the solar radiation resources of shipping lines. We can 
only select the target ship type through evaluation and 
analysis. When solar panels are installed on ships, they 
must meet safety regulations, maximize area, and aesthetic 
principles. At the same time, the stability, maneuverability 
and aerodynamic characteristics of the ship should not be 
excessively affected. It is necessary to evaluate whether the 
installation of solar arrays is reasonable by calculating the 
stability of ships and local strength. Analyze the photovoltaic 
cell conversion efficiency, anti-corrosion problems, and 
vibration impacts and safety guarantees when solar panels 
are used in marine environments, and verify the reliability 
of marine solar photovoltaic systems designed and installed. 
The application of solar photovoltaic technology in ships has 
been developed in recent years, and in particular, there have 
been preliminary successful application cases in small vessels 
and yachts on rivers [9,10,11]. However, in the area of ocean-
going vessels, the application of solar photovoltaic technology 
is not yet mature, and many countries are committed to the 
development and improvement of this technology.

This article through analysis, plans to establish a set of solar 
photovoltaic power generation system in the conventional 
ship, to provide some power support for the ship, to achieve 
the purpose of energy conservation and emission reduction. 
The basic working principle of solar photovoltaic power 
generation is that under the sunlight, the energy generated by 
the solar cell module is charged by the controller to the battery 
or directly to the load when the load demand is satisfied. If 
the sun is insufficient or at night, the battery supplies power 
to the DC load under the control of the controller. For the 
AC load, an inverter must be added to convert the DC power 
into AC power [12,13,14,15]. The most significant feature of 
grid-connected photovoltaic systems is the direct current 
generated by solar cell components. The use of new energy 
generation technologies such as solar energy and electric 
propulsion technologies to form integrated power propulsion 
technology for ships has become one of the most concerned 
green technologies on ships. For the application of solar 
photovoltaic system in ships, based on the introduction of the 
principle of solar photovoltaic systems and the use of models, 
the application characteristics of solar photovoltaic systems 
and their components in ships are analyzed. The important 
characteristics of the ship-based power grid based on solar 

photovoltaic systems are discussed and summarized, which 
provides a basis for future system design and application.

Fig. 1. The photovoltaic characteristics of solar photovoltaic arrays

PV SYSTEM INTRODUCTION

With the development of tourism and the development of 
tourism resources such as lakes and scenic spots, cruise ships, 
as a carrier of nature, have gradually become an entertainment 
way for people to travel and vacation. However, the problem 
of water, air and noise pollution caused by oil, water, and 
noise emitted from the cruise ship’s power system has become 
increasingly serious, making the development of green ships 
more practical. Solar energy is a kind of renewable energy 
source, easy to get, and inexhaustible, inexhaustible, the 
application of solar energy on the cruise ship, its pollution 
problems will be solved. Therefore, there are more and more 
applications of solar photovoltaic systems on ships, and the 
application technology of solar energy has become one of the 
most important green technologies for ships. Because of the 
performance characteristics of the solar photovoltaic power 
supply system itself, it has its unique advantages and related 
constraints in its application.

Especially applied to the ship power grid, in order to obtain 
continuous, stable solar energy, and ultimately become an 
alternative energy source that can compete with conventional 
energy sources, it is necessary to solve the problem of energy 
storage. In other words, the solar energy in sunny days is 
stored to meet the needs of use at night or on rainy days. At 
the same time, efforts should be made to prevent hot spot, 
islanding, and grid stability. At present, these problems are 
the weakest links in the application of solar energy in ships, 
and have also become the key issues that we must consider 
in the design of marine solar applications in the future. 
The analysis made in this paper provides a design reference 
for solar photovoltaic systems in marine applications. The 
simulation results show that the model can correctly reflect 
the characteristics of the transformer ground fault, and 
protect the transformer in time. It has good quickness and 
stability. The differential protection model can provide an 
important basis for observation and analysis of transformer 
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faults, and has a certain guiding role in the research and 
design of ship transformer protection devices in the future.

Fig. 2. Electricity boosting method program flow

OCEAN SHIP SOLAR PHOTOVOLTAIC 
SYSTEM OPERATION 

The direct current generated by solar cells enters the battery 
first, and the characteristics of the battery affect the efficiency 
and characteristics of the system. The battery technology 
is very mature, but its capacity is affected by the amount 
of electricity at the end of the day and the duration of the 
sun (power generation time). Therefore, the battery watt-
hour capacity and ampere-hour capacity are determined by 
the scheduled continuous sunshine-free time. The research 
on the reliability of photovoltaic systems in this paper is an 
important support to ensure the rational design, reliable 
operation, fault prevention and maintenance of photovoltaic 
power generation systems. After reviewing related application 
examples and domestic and foreign scholars’ research on 
photovoltaic power generation system and reliability theory, a 
comprehensive analysis of the factors affecting the reliability 
of photovoltaic power generation systems was conducted. 
Summarized the evaluation of reliability indicators for 
photovoltaic power generation systems and proposed 
suggestions for improving the reliability of photovoltaic 
power generation systems. Photovoltaic power generation 
is based on the principle of photovoltaic effect, using solar 
cells to convert solar energy directly into electrical energy. 
Regardless of whether it is used independently or connected 
to the grid, the photovoltaic system is mainly composed of 
solar panels (components), controllers and inverters. The 
primary solution for photovoltaic applications is how to 
convert solar energy into electricity. Photovoltaic solar cells 
are made using semiconductor effects, which convert solar 
radiation directly into electrical energy. Several of these 
devices are packaged into photovoltaic solar cell modules, 
and then several components are combined into a certain 
power photovoltaic array according to actual needs, and are 
matched with energy storage, measurement, and control 
devices to form a photovoltaic power generation system.

The controller is a device that controls and manages the 
solar photovoltaic power generation system. “Because the 
controller can adopt a variety of technical implementation 
methods, the actual application of the controller to the 
controller is not consistent. Therefore, the functions performed 
by the controller are also different. The photovoltaic system 
operates under the control of the controller. The controller 
can use a variety of technical means to achieve its control 
function. More common logic control and computer control 
two ways. In harsh marine environment conditions, in 
addition to taking into account extreme weather issues such 
as hail, photovoltaic power generation system components 
in particular should consider the use of weather protection 
and salt spray protection devices in the marine climate 
environment. Although most glass covers for solar panels 
are made of toughened glass with high light transmittance, 
they are prone to a series of problems such as contamination in 
long-term environments with large temperature differences, 
large salt, and high humidity. 

Fig. 3. Solar cell characteristics simulation model

To install and use solar photovoltaic systems on large-scale 
ocean-going vessels, in order to fully utilize the advantages 
of photovoltaic energy, it is necessary to conduct in-depth 
research on the power output characteristics of installed 
solar panels in the marine environment. In order to complete 
the optimal design of the photovoltaic system installation 
and power conversion control based on the characteristic 
parameters obtained in the specific environment. At present, 
solar photovoltaic technology has been applied on land on a 
large scale, and applications and innovations on ships have 
also been continuously improved. However, it can be seen 
from the existing solar ship cases that the application of PV 
technology to ships has fundamentally obvious constraints. 
Ships are a kind of transportation tools that work in marine 
complex environmental conditions. Its own power system is a 
network structure that is relatively independent and requires 
high reliability and stability.

By comparing the implementation mode and operational 
characteristics of land-use solar photovoltaic conversion and 
utilization technologies, the current status and trends of 
solar-powered ships are analyzed. Based on the selection of 
the target ship type, the analysis of the power system and the 
assessment of economic performance, the research direction 
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for the application of solar photovoltaic technology to large-
scale ocean-going vessels as an auxiliary energy source is 
identified. Completed the overall framework design process 
for marine solar photovoltaic power generation systems. 
From the point of view of green shipping and sustainable 
development, solar photovoltaic conversion does not produce 
secondary pollution to the environment because it generates 
non-chemical reactions. The effective use of photovoltaic 
energy will correspondingly reduce the work load of the 
ship generator set, which will inevitably be accompanied 
by a reduction in the amount of fuel consumed by the ship, 
the greenhouse gas emissions of the ship and harmful gas 
emissions. The research and design of solar photovoltaic 
technology and its application in large-scale ocean-going 
vessels have been conducted from both technical feasibility 
and economic feasibility. Completely discusses the power 
matching method, the system optimization analysis process 
and the consideration of related issues, and provides detailed 
analysis ideas, calculation methods, and data references for 
the evaluation of the early implementation process of the 
project.

Tab. 1. Indications of echocardiography

Codon Hexadecimal Codon Hexadecimal

CUU 100 AUU 200

CUC 101 AUC 201

CUA 102 AUA 202

CUG 103 AUG 203

CCU 110 ACU 210

CCC 111 ACC 211

CCA 112 ACA 212

CCG 113 ACG 213

CAU 120 AAU 220

CAC 121 AAC 221

CAA 122 AAA 222

The solar cell’s power output characteristics change in the 
marine environment, especially under water fog erosion and 
hull vibration conditions. Considering the idea: the former 
is mainly aimed at analyzing the change of physical and 
chemical characteristics of the light-receiving material on 
the surface of the battery under water fog corrosion, and 
determining the influence of the material change on the solar 
light transmission; The latter mainly analyzes the influence 
of the vibration of the battery substrate on the reflection and 
transmission of sunlight on the light-receiving surface, the 
dynamic change of energy. Based on the simplification of 
the solar cell in the simulation process of this test system, in 
the next step of research, the changes in the power output 
at different temperatures and different radiation intensities 
must be incorporated into the influencing factors of the entire 
grid-connected system to be considered. Harmonic waves in 
the solar PV inverter pollution and impact on the ship’s power 
grid, hazards of islanding effects and remote monitoring of 
the PV system of the ship. The third major objective is to give 

an assessment of the working status of the PV system and 
provide technical support to the crew.

OPTIMIZATION AND ANALYSIS OF 
OFFSHORE VESSEL PV SYSTEM

The research and design of solar photovoltaic systems for 
large-scale ocean-going vessels is a relatively large system 
project. It involves not only the ship power system, but also 
the structure of the hull, the safe operation of ships. Therefore, 
how to select the right target ship to carry out optimization 
design and evaluation analysis of the entire system is the first 
problem to be solved. When transplanting the PV system 
to the ship, it is necessary to consider that the arrangement 
and installation of solar panels are easily affected by the 
placement and safe work of the deck machinery equipment 
such as pipelines, passages and cranes on the deck of the 
ship. Therefore, it is necessary to select the target ship type 
in a targeted manner and make some explanations for the 
rationality of the installation method of the photovoltaic 
system. Currently, crystalline silicon high-efficiency solar 
cells and various types of thin-film solar cells are the focus 
of research and development of new global solar cells.

Fig. 4. Solar cell characteristics simplify simulation algorithm flow

The system can also act as a power regulator to stabilize 
the grid voltage! Harmonic components can be cancelled to 
improve power quality. In this system, the grid-connected 
inverter converts the DC power generated by the solar panel 
into AC power with the same frequency and phase as the 
grid voltage. When the main grid is powered off, the system 
automatically stops supplying power to the grid. When there 
is sunlight exposure and the AC power generated by the PV 
system exceeds the load, the excess will be sent to the grid.

                  (1)

Comprehensive analysis, the application of solar energy 
should consider its instability, mutation and low confidence 
characteristics, so the use of the ship, the following two types 
of situations are recommended:

                (2)
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         (3)

 As solar energy is affected by climate and light conditions, 
there is a fluctuation phenomenon in power generation. 
Therefore, when an off-grid PV system supplies power to a 
load, auxiliary energy storage batteries are usually provided:

         (4)

     The capacity of the battery shall be determined according 
to the requirements of the effective time and proportion in 
the photovoltaic power generation throughout the day, and 
at the same time, a certain number of days of self-sufficiency 
shall be taken into consideration, so that the photovoltaic 
power generation system can meet the load requirements of 
the entire day:

                        (5)

As the proportion of power generation capacity of 
photovoltaic power generation system increases, it will 
directly affect the voltage stability of the power grid:

             (6)

Inrush current caused by unsynchronized voltage phases 
caused when power is restored may cause tripping again or 
damage to photovoltaic system, load and power supply system:

                   (7)

The solar controller is an automatic control device for 
controlling the solar cell array to charge the battery and the 
battery to supply the solar inverter load in the solar power 
system:

                           (8)

Considering the installation and orientation, occlusion 
issues should also be considered, such as crystalline silicon 

solar cells, where very little shielding will cause a large power 
loss; However, the effect of shielding on the thin film battery 
will be much smaller. In addition, the ventilation conditions 
are very important for the cooling of solar modules. As the 
temperature increases, the power generation will decrease; 
and the module temperature will also have a certain influence 
on the installation method.

CONCLUSIONS

With the development of tourism and the development of 
tourism resources such as lakes and scenic spots, cruise ships, 
as a carrier of nature, have gradually become an entertainment 
way for people to travel and vacation. However, the problem 
of water, air and noise pollution caused by oil, water, and 
noise emitted from the cruise ship’s power system has become 
increasingly serious, making the development of green ships 
more practical. Solar energy is a kind of renewable energy 
source, easy to get, and inexhaustible, inexhaustible, the 
application of solar energy on the cruise ship, its pollution 
problems will be solved. Therefore, there are more and 
more applications of solar photovoltaic systems on ships, 
and the application technology of solar energy has become 
one of the most important green technologies for ships. 
The grid-connected photovoltaic power generation system 
directly connects the direct current generated by the solar 
module to the public power grid after the grid-connected 
inverter is converted into an alternating current that meets 
the requirements of the mains grid. The grid-connected 
photovoltaic power generation system has centralized large-
scale grid-connected photovoltaic power stations, which are 
generally state-level power stations. The main feature is that 
the generated power can be directly transferred to the grid, and 
the grid can be uniformly deployed to supply power to users. 
However, this kind of power station has a large investment, a 
long construction period, and a large area, and it is difficult 
to develop. The decentralized small-scale grid-connected 
photovoltaic system, especially the photovoltaic building 
integrated power generation system, is the mainstream of 
grid-connected photovoltaic power generation due to its 
advantages of small investment, quick construction, small 
land occupation, and strong policy support.
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