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Abstract—The shipping industry is facing three major 
challenges: climate change, increasing bunker fuel price and 
tightening international rules on pollution and CO2 
emissions. All these challenges can be met by reducing fuel 
consumption. The energy efficiency of shipping is already 
very good in comparison with other means of transportation 
but can still be and must be improved. There exist many 
technical and operational solutions to that extent. But 
assessing their true and final impact on fuel consumption is 
far from easy as ships are complex systems. 
The use of clean and renewable energies, such as solar 
energy for instance, is proposed as a method to improve the 
ship efficiency. Ships can get the benefits from solar energy 
since most of their upper decks are always exposed to the 
Sun, especially in tropical regions.  
The article presents an example of practical application of 
energy saving by fitting the solar panels on container vessel. 
The paper discusses the effectiveness and challenges of 
installing solar panels for auxiliary power production on 
board a ship.   
 
Index Terms—environment, energy efficiency, container 
vessel emissions, solar energy 
 

I. INTRODUCTION 

Maritime transport emits around 1 billion tons of 
carbon dioxide annually and is responsible for about 2.5 
per cent of global greenhouse gas emissions from fuel 
combustion [1]-[3]. By 2050, depending on future 
economic growth and energy developments, shipping 
emissions may increase by between 50 and 250 per cent 
[4].  

Although the obvious CO2 efficiency of shipping in 
terms of grams of CO2 emitted per ton-km, it is 
recognized within the shipping industry that reductions in 
these totals must be made. Recent legislation is aimed at 
reducing these emissions through the introduction of 
emission control areas and requirements on newly built 
marine diesel engines [5], [6]. The maritime industry is 
very dependent on fuel price. Note also that the 
overwhelming majority ships use fossil fuel energy to 
navigate. This energy source is exhaustible, and its cost 
has become the first responsible in expenditures. This 
situation will not change favorably because the fuel 
prices have historically almost always increased [7]. 

                                                           
Manuscript received October, 2018; revised May 13, 2019. 

So, the shipping sector must find ways to stabilize or 
reduce its emissions and provide the energy efficiency 
especially that the energy losses are important [8]. 

This is how in 2010, IMO introduced “Technical 
measures”, “Operational measures” and “Economic 
instruments” as instruments for reducing CO2 emissions, 
the use of renewable energy (wind, solar, etc.) was one of 
promising solution among others [8]. 

The main purpose of adopting renewable energy-based 
systems on board merchant marine vessels is to reduce 
consumption of fuel and several alternatives for obtaining 
this desiderate are sails, kites, receiving electricity in 
ports, use of biodiesel instead of classical diesel oil, wind 
turbines, photovoltaic panels and hydrogen fuel cells [9]. 

By considering the development of the technologies, 
we can imagine that future ships will produce less 
emission of pollutants into atmosphere. However, 
considering the large amount of energy used by a ship, it 
is obvious that only by design of hybrid systems based on 
alternative sources of energy there can be reduced 
environmental impact of shipping industry. 

Nevertheless, the study on renewable energy 
infrastructures for shipboard is still in first step as such 
application still facing big challenges. 

Solar energy is one of the renewable energy sources 
which can play a vital role in meeting the increasing 
energy demand and save the depleting fossil fuel 
resources. 

This paper aims to study the feasibility and 
environment aspect of using solar energy as supplement 
power source on container ship trading in west Africa in 
order to reduce fuel oil consumption and GHG emissions. 

II. SOLAR ENERGY GENERATION 

The generation of electricity with the ever-depleting 
conventional sources has led to the development of 
photovoltaic systems (SPV). Photovoltaic is a technical 
term for generating electricity from light. In the present-
day scenario of electricity generation, it is fast becoming 
an important industrial product [10]-[12]. 
A SPV generates electrical energy and provides power 
for different types of devices after storing the energy in a 
battery bank. The SPV panel is the fundamental 
component irrespective of any system configuration. 
Solar cells are the building blocks of the panel. A 
complete system includes different components which are 
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selected taking into consideration individual needs, site 
location, climate and expectations. 

The functional and operational requirements determine 
the components to be included in the PV system.  

 
Figure 1.  SPV system equipment. 

The major components incorporated in PV system as 
shown in Figure 1 are: DC-AC power inverter, battery 
bank, system and battery controller, auxiliary energy 
sources and sometimes the specified electrical loads. 

• PV Module: It converts sunlight instantly into DC 
electric power.  

• Inverter: It converts DC power into standard AC 
power for use.  

• Battery: Battery stores energy when there is an 
excess coming in and distribute it back out when 
there is a demand. Solar PV panels continue to re-
charge batteries each day to maintain battery 
charge.  

• Auxiliary energy source: utility power is 
automatically provided at night and during the day  

• when the demand exceeds the solar electric power 
production. 

• Charge Controller – It prevents battery 
overcharging and prolongs the battery life of the 
PV system. In addition, an assortment of balance 
of system hardware; wiring, over-current surge 
protection and disconnect devices, and other 
power processing equipment.  

Application of solar PV systems for ships depends on 
many factors mainly: (i) Solar radiation availability in 
ship’s operation areas, (ii) Existence of sufficient and 
adequate deck area to accommodate the solar panels, and 
(iii) Techno-economic efficiency of solar panels system: 
energy efficiency, fuel oil rates and investment costs. 

III. SHIP ELECTRIC POWER LAYOUT 

The typical electric power distribution for container 
vessel is illustrated on Figure 2, two set or more diesels 
generators are generally fitted on board, one has 
sufficient capacity for normal running of the vessel, 
others are in standby mode to take over in case of failure 
of running generator or to be used when additional 
intermittent power is required like during maneuvering, 
crane operation etc. [13]. In some configuration, one 
generator is driven by propulsion engine called “shaft 
generator”.  

The voltage is usually 440V, in some large installation 
it’s higher as 6.6KV, 

Bus Bars for carriage and transfer of load and 
Transformers for lower voltage necessary for lighting, 
navigation equipment, domestic devices etc. 

 

 
Figure 2.  Ship electric power diagram. 

IV. CASE STYDY 

As sample, we choose the container ship trading 
between north and west African ports in regular lines. Its’ 
particulars are shown in Table 1. 

TABLE I. MAIN PARTICULARS OF THE VESSEL 

Type Container vessel 

Length /Beam 123 / 121 m 

Gross Tonnage 6479 

Propulsion Engine 5400 KW 

Diesel generators  2 sets: 640 KW each 

Shaft generator  990 KW 

Emergency generator 340 KW 

 
The ship is equipped with two diesel generator sets, 

one generator driven by main engine (shaft generator) 
and one diesel generator for emergency use. Table 2 
collates extract from electric energy balance of this vessel 
at sea, in the port and in case of emergency. 

From the table 2 we can deduct that 24 KW is the total 
power needed in worst case for supplying the essential 
consumers necessary for the safety of the vessel 
(emergency lighting, Navigation and radio equipment and 
alarms systems). 

1) Solar radiation in Ship’s route: 
The amount of solar radiation is one of the keys for 

assessing the feasibility of using solar energy in one 
region. Our vessel is engaged in container transports 
trading in regular line between ports in North and West 
Africa. These two regions have a good PV potential [15]. 

From the map in figure 3 we can assume that minimum 
annual average of solar radiation is 2000 KW/m2.  

The global formula (1) to estimate the electricity 
generated in output of a photovoltaic system is: 

 E = Apv × η × Ha  × Pr (1) 

where 𝐸 is the Energy (kWh), 𝐴𝑝𝑣 denotes the total solar 
panel area (m2) having an efficiency 𝜂  (%). 𝐻𝑎  is the 
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annual average solar radiation on tilted panels (shadings 
not included) and 𝑃𝑟  represents the performance ratio, 

coefficient for losses, it includes all losses (range between 
0.5 and 0.9, default value = 0.75).  

TABLE II. VESSEL ENERGY BALANCE 

 
 

 
Figure 3.  Solar radiation map (NW Africa). 

2) Ship free deck area: 
Figure 4 shows partly the deck area, the aft part 

covering superstructure and poop deck and fore area 
covering forecastle deck.  

 
Figure 4.  Ship deck plan. 

By installing fixed panels above superstructure, poop 
and forecastle deck and floodable panels between 
superstructure and No.3 hatch we can secure 
approximatively 600-700 m2. 

3) Solar PV sizing: 

The size of PV modules depends on load demand, 
available solar radiation, battery efficiency, inverter 
efficiency, module performance etc. 

a) Determination of load demand: 
From ship energy balance (TABLE II) we already 

estimate the electrical power requested (𝑃𝑡) for safety and 
emergency at 24 KW. 

So, the total load energy (𝐸𝑡(𝐾𝑊ℎ) per day is: 

 Et = 576 KWh (2) 

The PV array should cover the average daily energy 
consumption with the nominal operating voltage. 

Load demand (Io) in Ampere – hour is defined by 
formula (3) 

 Io = Et
ηi.Vn.μb 

 (3) 

With: 
𝜂𝑖 : Inverter efficiency (0.9) 
𝜇𝑏: Battery efficiency (0.8) 
𝑉𝑛 : Nominal voltage (227V). 
An example of solar PV panel specifications for 

industrial use is summarized in TABLE III. 
b) Battery capacity: 
The required battery capacity (𝐵𝑐) can be calculated by 

formula (4): 

 Bc = Io .Td
DoDmax 

 (4) 

𝑇𝑑: Autonomous days. 
𝐷𝑜𝐷𝑚𝑎𝑥 : Maximum depth of discharge of battery.  
c) PV design current: 
PV design load current (peak current) (Id) can be 

obtained from formula (5):  

 Id = Io
hs

 (5) 

 Normal seagoing Harbour Emergency 

 Mode Rated 
power DF CL IL DF CL IL DF CL I

L 
Inner lighting C 22.7 80 18.16 0 80 18.16 0    

Outdoor lighting C 18.8     15.0     
Emergency 

lighting C 10.3 80 8.24  99 10.3  99 10.2  

Radio & 
navigation 
equipment 

C 11 80  8.8 80   80 8.8  

Battery charger  C 1.8 40  0.7 80  0.7 80 1.4  
Navigation & 
signal light C 2.8 80 2.2  80 2.2  80 2.2  

Total loads    11.62 11.1  12.5 0.7  23.6  

Diversity factor of intermittent loads  0.3 0.3 1.0 
Total necessary electric power (kW) 

for safety and emergency use 14.95 12.71 23.6 

ABBREVIATION: For Working Mode (WM): "C" Means Continous, "I" Means Intermittent, "L" Means Less Use; 
For each condition, "D.F." Means Demand Factor, "C.L." Means Continous Load, "I.L." Means Intermittent load 
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ℎ𝑠 is the lowest daily sunshine.  
Rated design current (Id) depends on the PV module 

global performance, formula (6). 

 Im = Id
μm

 (6) 

𝝁𝒎  : PV module derate factor, coefficient for losses, it 
includes all losses. 

a) Number of PV module in parallel (Np): 

 Np = Im
Ip

  (7) 

𝐼𝑝:  Max peak current for selected solar PV panel. 
b) Number of PV module in series (Ns):  

  Ns = Vn
Vp

 (8) 

𝑉𝑝: Max voltage of selected solar PV panel. 

TABLE III. SPECIFICATIONS OF SELECTED PV MODULE 

Type PERC 350 Wp SPV 

Nominal maximum power in watts (W) 350 

Open Circuit Voltage (Voc) in Volts 46.4 

Short Circuit Current (Isc) in Amps 9.80 

Voltage at Maximum Power (Vp) in Volts 37.5 

Current at Maximum Power (Ip) in Amps 9.35 

Maximum System Voltage in Volts 1000 

Module Efficiency (%) 18.5 

Length x Width x Thickness (mm) 1960 x 990 x 40 

 
In TABLE IV we summarize the calculation of different 

parameters as per the formulas (3) to (8). 

TABLE IV. CALCUL OF SPV DATA 

Parameter Formula  24KW 12KW Unit 
Total energy 

demand 
(EWh) 

-  576 288 KWh 

Load 
demand (Io) 

(3) 

ɳi = 0.9; 
µb = 0.8; 

Vn = 
227V 

3.524 1.762 KAh 

Battery 
capacity (4) 

Td = 1; 
DoDmax 

=0.8 
4.405 2.203 KAh 

PV panel 
rated design 
current (Id) 

(5) – (6) hs= 6; 
µm=0.75 1000 500 KA 

Number of 
panel in 
parallels 

(Np) 
 

(7) Ip= 9.35 105 53 - 

Number of 
panel in 

series (Ns) 
(8) Vp=37.5 7 7 - 

Total 
number of 

panels 

𝑁𝑝
× 𝑁𝑠 

- 740 371  

V. DISCUSSION 

From TABLES III and IV we can deduct that for 
supplying 24 KW consumers power on board, we need to 
install 740 modules of SPV panels. Each one has 
1.9 × 0.9 𝑚2  surface. Minimum area necessary to 
accommodate 740 panels is approx. 1300 m2. 

The available deck area in our sample vessel is max. 
700 m2 which will cover only the half of the power 
approx.  

12 Kw (TABLE II) which cover emergency lighting, 
navigation and radio equipment and alarm system. 

The limited space for installing PV panels is due to the 
fact that container vessels are loading containers on the 
deck. 

12 KW represents 0.2 - 0.3% of total power required 
for supplying all ship electric equipment. 

1) Environmental analysis. 
The electric on board is produced by diesel generators 

burning fuel oil. The specific fuel oil consumption for the 
four-stroke engine is approx. SFOC 210 g/Kwh 

Generally, the marine fuel oil used for diesel 
generators is the IFO 180 and MGO. The emission factor 
for IFO is approx. 3.15KgCO2/KgFO [16] [17]. 

Producing 12KW by diesel generator requires 2.4Kg of 
fuel oil per hour. By using solar energy, this is equivalent 
to saving 58 kg/day and 575 Kg of CO2. 

The fuel oil saved amount is not significant compared 
to the total fuel oil consumption by ship for propulsion 
and electric power production (18 ton/day for the case 
study). 

Considering 300 days of solar radiation per year, 
economy in fuel oil may reach 17 tons of fuel oil and 172 
tons of CO2.  

Beside environmental benefits and based on average 
market fuel oil prices [18]: one ton of fuel cost 600-700 
USD 

𝐹𝑢𝑒𝑙 𝑐𝑜𝑠𝑡 𝑠𝑎𝑣𝑒 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 =  17 × 600  
                                                             =  10.200,00 𝑈𝑆𝐷. 
2) Economic benefits. 
Having considered that PV modules are guaranteed for 

25 years, batteries for 5 years, inverters and other  
equipment for minimum 10 years, many economic 
research studies [19] demonstrated that total investment 
on PV solar investment will be paid back within period of 
maximum 10 years. 

3) Safety aspects. 
For the case study, solar energy is totally independent 

of the ship’s machinery systems and in this regard, is can 
be a reliable alternative to the ship emergency source of 
power for supplying emergency lighting, navigation, 
radio equipment and alarms system. 

VI. CONCUSION 

The present paper demonstrates that solar energy by 
PV may be used as supplement to auxiliary power on 
board small container ships at least for supplying 
equipment necessary for safety of the ship in case of 
machinery failure. Hence this will contribute to reduce 
fuel oil consumption and GHG emissions. Economically 
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research has found that, energy payback estimates for 
marine PV systems are less than 10. However, the 
capacity of the marine PV system is still very small 
compared with the total requirement of a ship, and its 
achievement in reducing fuel consumption and pollutant 
emission is accordingly not significant. 

The big challenges to meet are:  
• The ship deck area exposed to the sun is 

limited by the size of the ship and cargo needs. 
• The solar PV capacity and efficiency are still 

small to fulfill the needs of ship. 
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