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Abstract This paper highlights the need for the development and implementation of solar thermal systems as part 
of renewable infrastructure for marine transportation. Installing this kind of systems onto merchant marine 
vessels could prove to be an efficient way of minimizing fuel costs and simultaneously protecting the 
environment by reducing significant carbon dioxide emissions. Thermal energy obtained by using solar thermal 
converting system can be used for generating steam onboard ship. For calculus there will be considered a 
maritime commercial route between Constanta (Romania) and Poti (Georgia) and a free vessel surface of 2000 m2 
in order to install solar thermal collectors.   
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1. INTRODUCTION 

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 [1]. In shipping, the IMO is 
working on various fronts to reduce the emissions 
of polluting gases (sulphur oxides, nitrogen oxides 
and particulate matter) and of greenhouse gases 
(mainly CO2) into the atmosphere. The first line of 
action is aimed at establishing a mandatory maxi-
mum index of CO2 emissions for new builds. The 
second line of action focuses on already-built vessels 
and attempts to achieve a reduction in emissions. 
This plan needs to be approved and involves finding 
technically and economically feasible solutions. In 
the third line of action, an Emissions Scheme 
(ETS) aims to reduce or offset emissions [2].  

Main purpose of adopting renewable energy 
based systems onboard 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 [2]. 

Other authors consider that installation of photo-
voltaic systems on merchant marine vessels is 
innovative not only concept wise but also because 
the PV systems have to be adopted within the 
abnormal and non - continues geometric area of the 
vessels [3]. Cost – benefit analysis revealed that 
installation of PV systems on merchant marine 
vessels highly depends on the annual average 

increase of the fuel oil (the higher the increase, the 
smaller the payback period of the investment). 
Another interesting point is that, contrary to the 
annual increase rate of the fuel prices, the payback 
period converges to a minimum of about 10 years 
[3]. 

This paper tries to open some directions into 
development and implementation of solar thermal 
systems as part of renewable infrastructure for 
marine transportation. 

2. USE OF THERMAL ENERGY ONBOARD 

It can be stated that solar thermal is the 
conversion of solar irradiation into heat. Among 
renewable energy systems, solar thermal is consi-
dered as the most economical alternative. Typically, 
the systems use solar collectors or concentrators to 
gather solar radiation, store it and use for heating 
air or water in domestic, commercial or industrial 
plants. Solar thermal applications in industrial 
sectors are: hot water or steam demand processes, 
drying and dehydration processes, preheating, con-
centration, pasteurization, sterilization, washing, 
cleaning, chemical reactions, industrial space heating, 
food, buildings, chemistry, plastic [4]. Solar col-
lectors are usually classified into two categories 
according to concentration ratios: non-concentrating 
collectors and concentrating collectors. A non-
concentrating collector has the same intercepting area 
as its absorbing area, whilst a sun-tracking concen-
trating solar collector usually has concave reflecting 
surfaces to intercept and focus the solar irradiation 
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`to a much smaller receiving area, resulting in an 
increased heat flux so that the thermodynamic 
cycle can achieve higher Carnot efficiency when 
working under higher temperatures [7]. In this 
study there will be considered characteristics and 
parameters for evacuated – tube collector.   

Thermal energy obtained through solar thermal 
system can be use onboard ship in the following 
directions: 
 as an auxiliary source for generation of 

saturated and superheated steam; 
 as an auxiliary source in desalination process;  
 as an auxiliary source for ship propulsion; 
 as an main source for generating hot water. 

Of course, the amount of thermal energy col-
lected by the system depends on the geographical 
latitude and the season. The most determinant 
factor is the geographical latitude. Another key 
factor is the reference point of merchant marine 
vessels since they always operate within different 
zones worldwide [3]. 

Another very important aspect of the in-
stallation is the available surface. On a vessel the 
available surface for solar collectors installation 
may vary, depending on the dimensions and type 
of the vessel [5].  

3. CASE STUDY 

This study will take into account a free area of 
2000 m2, since 90% of the world commercial fleet 
has a deck area of less than 10.000 m2 [5]. Also, 
for the analysis it will be used as maritime com-
mercial route of the vessel Constanţa (Romania) - 
Poti (Georgia). 

 Initial parameters: 
– ship speed - 20 knots; 
– distance between Constanta and Poti – 581 

nautical miles; 
– estimated time considering that ship have a 

constant speed – 29 hours and 6 minutes; for 
calculus there will be used a value of 1.5 days 
considering in this way time needed for exiting 
Constanta harbor and entering Poti harbor; 

– departure of the ship: 08.00 AM; 
– for meteorological data needed for calculus 

there will be seven points on this route. Point 1 
will be considered Constanta and point 7 will be 
considered Poti according to table 1; points 3, 4, 5 
and 6 are intermediate points on Constanta - Poti 
maritime route. Distance between points is con-
sidered 100 nautical miles. 

– for better evaluation of thermal energy gain 
there will be considered values of daily solar 

radiation (horizontal) for December and July, 
according to table 2 [6].  

 
Table 1 

Coordinates of selected points 

Point 
no. 

Distance 
[Nm] 

Point coordinates 

1 0 ϕ = 44°045 N   λ = 028°434 E 
2 100 ϕ = 43°467 N   λ = 031°006 E 
3 200 ϕ = 43°252 N   λ = 033°143 E 
4 300 ϕ = 43°050 N   λ = 035°283 E 
5 400 ϕ = 42°441 N   λ = 037°425 E 
6 500 ϕ = 42°246 N   λ = 039°548 E 
7 581 ϕ = 42°069 N   λ = 041°396 E 

 
Table 2 

Solar radiation for each point 

Point no. 
Daily solar radiation – horizontal 

[kWh/m2/d] 
December July 

1 1.2 6.22 
2 1.06 7.41 
3 1.09 7.47 
4 1.1 7.44 
5 1.32 7.26 
6 1.37 7.02 
7 1.34 6.24 

  
Knowing that vessel will sail for 1.5 days, with 

a 20 knots speed, and also knowing the distance 
between defined points (100 nautical miles) we can 
eliminate, for solar radiation calculus considering a 
10 hour solar radiation per day, points no. 3, 4 and 
7. Also, between points ship sails for 0.5 days.  In 
table 3 we can identify the correlate values for 
solar radiation.  

 
Table 3 

Solar radiation for relevant points 

Interval 
Solar radiation – horizontal [kWh/m2/0.5 d] 

December July 
1 - 2 0.6 3.11 
2 – 3 0.53 3.7 
5 – 6 0.66 3.63 
6 - 7 0.68 3.51 
 
For calculus there will be used a type of evacuated 

tube collector according to [8], which size and 
technical specification are as follows (Table 4). 

Further, there will be considered an area for 
each collector of 3.5 m2. Knowing the available 
space for installing the system (2000 m2) it will 
result a need of approximate 600 evacuated tube 
collectors. Considering an absorption area of 2.5 m2 
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for each collector it will result an 1500 m2 of 
absorption area for all 600 collectors. 

 
Table 4 

Technical specifications for solar collector 

Zero heat loss efficiency 73.4 % 
Primary heat loss coefficient, a1 1.529 W/m2K 
Primary heat loss coefficient, a2 0.0166 W/m2K2

Instantaneous efficiency* 62.4 % 
Specific output  850 kWh/m2/year 
Stagnation temperature 200.3 °C 
Maximum operating pressure 10 bar 
Collector frame and manifold Aluminum 
Selective absorber coating CerMet 
Absorber contact sheet Aluminum 
Evacuated tube Borosilicate glass 1800 mm x 

x 58 mm (OD) x 47 mm (ID) 
Tube spacing 78mm 
Tubes 20 
W1  1640mm 
W2  1560mm 
W3  1730mm 
Wet weight  62.0kg 
Aperture area  1.87 m2

* Based on 800 W/m2 irradiation and 40°C temperature 
difference between ambient air and collector. 
 

 
 

Fig. 1. Design of evacuated tube module [8]. 
 

Table 5 reveals the net gain of power for each 
considered distance in accordance with solar radia-
tion values from table 3 and with an instantaneous 
efficiency of 62,4%. 

From table 5 will result a minimum of 496,08 
kWh during winter and a maximum of 3463,2 kWh 
during summer. It is very interesting the fact that 
those values are obtained for the same considered 
interval (2 - 3). Also, during voyage, will be 
collected 2311,92 kWh in winter and 13057,2 kWh 
in summer time. These values are corresponding to 
an economy of 8.32 and, respectively, 47.01 tones 
of heavy fuel oil (considering a specific heat 
capacity of 2100 J/kg). The economically aspect is 

completed by a reduction of carbon dioxide 
emission with approximately 24 tones in winter 
and 140 tons in summer. 
 

Table 5 

Energy gain for each considered distance 

Interval 
Net gain 

[kWh/1500m2/0.5 d] 
December July 

1 - 2 561,6 2910,96 
2 – 3 496,08 3463,2 
5 – 6 617,76 3397,68 
7 - 8 636,48 3285,36 

4. CONCLUSIONS 

The paper revealed that a large amount of 
thermal energy can be obtained by using solar 
thermal collectors, in this case evacuated tube 
collectors. This energy can be used onboard ship as 
a main source for generating hot water and as 
auxiliary source for other purposes.  

Further research will focus upon evaluating 
gain of energy for a long commercial route and 
larger free surfaces of vessel. Also, it will be taken 
into consideration the latitude difference for both 
hemispheres and the efficiency of the collector 
which operates in a salty air. Ship owners will also 
be interested by the weight of collectors because 
this aspect could affect ships fuel consumption and 
quantity of cargo that can be embarked onboard. 
Therefore, a major challenge consists in evaluating 
the entire system by performing a cost – benefit 
analysis. 
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