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23.1 Abstract 

The application of renewable energy resources has been examined based on the area of 
Vessel1. A Cost Benefit Analysis which is focused on the Net Present Value, the Internal Rate 
of Return as well as the Payback Period leads to the result that such an application will 
contribute to both environmental and social profits. The greenhouse gas emission will be 
reduced by 760 metric tons annually at Port A. At the same time, the social cost will be reduced 
by $28,120 due to the decrease of CO2. Moreover, from the questionnaire that has been 
provided to the local residents at Port A, their awareness of the renewable energy resources 
has been observed. Lastly, the same research and application of the involved materials can 
be used in every similar vessel after making minor changes, a fact that proves the importance 
of the study. 

Keywords: Renewable Energy Systems in Shipping; Energy Efficiency; Solar Panels 

23.2 Introduction 

This paper focuses on energy sufficiency on board passengers’ vessels by using existing land 
based renewable resources applications (solar power systems). Solar power systems will be 
used in order to make a vessel energetically self–sufficient by reducing carbon emissions from 
the electricity power station to the environment.  

A research is provided in order to make a Ro/Pax vessel self-sufficient during its stay at any 
port (in this case port A). In this document the “area” on which the research is based, is the 
Ro/Pax Vessel1. Furthermore, the relationship between a self-sufficient vessel and how the 
port area is affected by the ship’s emissions will be investigated in conjunction with the public 
opinion of the local population.  

The paper’s objective is to discuss the results of the above research and to prove whether it is 
profitable for shipping companies to invest in renewable resources and whether this 
“innovation” has a considerable positive impact to the environment as well as to public health. 
More precisely, the following are investigated: 

 The way through which Vessel1 could be self-sufficient. 
 The public opinion regarding the environmental orientated issues concerning Port A. 
 The financial impact of vessel’s energy upgrade and the environmental and social benefit 

regarding this implantation. 

23.3 Literature Review  

Previous research papers, series of articles, textbooks, thesis and journal papers are used in 
order to cover the above-mentioned subject. The literature review is divided into two main 
sectors regarding the environmental and social problem arising from the ships’ emissions and 
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the applicability of renewable resources in shipping industry.  

23.3.1 Environmental and Social Problem  

MARPOL in the revised Annex VI (2008) provides new regulations regarding the ship-
generated emissions to ECA areas, as the main concern is to reduce anthropogenic emissions 
such as: Sulphur Oxides (SOx):, Nitrogen Oxides (NOx):, Carbon Dioxide (CO2): (IMO, 2016). 
Studies made by the International Council of Clean Transportation explain how renewable 
energy can be applicable to vessels in order to reduce air pollution (European Commission, 
2002). Moreover, Energy Efficiency Design Index (EEDI) promotes the use of renewable 
energy for the reduction of emissions (IMO, 2016). Tzanatos (2010) in his research paper 
states that at the Port of Piraeus, Greece, the NOx and SO2 emissions generated by the 
passengers’ ships represent the 1.2% and 2.5% of the national transport emission inventory 
respectively, and Greece compromises the 7.3% of the European shipping emissions. 
Furthermore, according to Sanabra (2013), port emissions do not severely affect the national 
emissions inventory but are important for the health of the population living in the greater area 
of the port. The aftermath of the above is, that port emissions have a dramatic impact on human 
health and on the environment compared to those generated by seagoing ships (Corbet et al, 
2007). Additionally, the impact to the crew’s health should be taken into consideration 
regarding their exposure to exhaust emissions (Winebrake, 2009).  

23.3.2 Ships and Renewable Energy  

From the above, the need to develop sustainable transport is clearly noted. The definition of 
sustainable transport is described by the OECD (1996) as transport which does not jeopardize 
the public health and the environment and this can be obtained with the application of 
renewable energy resources, which “have fewer impacts than traditional resources (i.e. fossil 
fuels, nuclear etc.)” (Air emissions rates and costs, 2012).  

It is well known, that the Aegean Sea has a high supply of solar and wind sources. Hence, the 
use of renewable resources plays fundamental role in the reduction of fuel consumption and 
as a result to the minimization of air pollution (Korikla, Nikitakos and Lilas, 2013).  Solar 
Photovoltaic systems (PV) are usually used while the vessel is at port and operating auxiliary 
engines (McKay, 2011).  

The need for lower consumption of energy had been taken into account by ECO Marine Power 
and therefore, in 2014 Vessel2 was the first vessel in Greece on which solar panels were 
installed (Ship & Bunker, 2014). The advantage of Ro/Pax vessels is that they have plenty of 
deck area for such panels. In Vessel2, sixteen (16) (2.32 KiloWatt peak (kWp)) solar panels 
have been specifically designed to “withstand exposure to saltwater”. The panels’ dimensions 
are 1.5m x 0.68m, thus the deck area covered is approximately 15m2 (Atkinson, 2016). From 
the conducted interview, it is stated that in Vessel2 case the solar power system is working 
better when the ship operates its daily schedule during the day. During this time the cost of 
electrical power generation is low and solar power contributes significantly to the total electrical 
power. Hence, the Vessel2 Project is considered successful. 

In our case, Vessel1, is a modern high speed Ro/Pax vessel and has the capacity to carry up 
to 2,000 passengers and 430 vehicles. Vessel1 departs every Tuesday, Thursday and 
Saturday from the port A, between 15:00 and 17:00 and it is vital link to many islands in the 
Aegean Sea. Vessel1 returns to Port A every Tuesday, Thursday and Saturday between 08:10 
and 13:10. (BlueStarFerries, 2016).  From its time schedule, it is noted that the vessel stays at 
Port A approximately 13hrs per week and especially during the peak solar power generation 
times. Therefore, the final goal of this research paper is to make Vessel1 self-sufficient while 
at port. This means that vessel’s auxiliary engines will not be used while at port in order to 
provide power for covering onboard needs, especially for hotel operations (C40, 2011). 
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23.4 Methodology 

This research is based on primary and secondary data. The primary data was collected through 
telephone questionnaires in which seven closed-ended questions were included. A sample of 
500 people was used in order to conduct the survey. The sample of people was chosen from 
a pre-determined population (greater geographical area of Port A). These questions were 
based on the emissions at Port A, and to what extent peoples’ lives are affected etc. Moreover, 
an interview was conducted with the Electrical Director, of the Maritime Company which owns 
the vessels (Vessel1 and Vessel2). Moreover, the Project Manager of the “Vessel2 Renewable 
Energy Innovation Project” gave us a clear insight of the importance of environmental 
improvements in shipping sector. Furthermore, he provided information about the above-
mentioned project as well as the first results derived from the trials in Vessel2. Vessel2 is used 
as a pattern to our research, in order to apply Renewable Energy Systems (RES) to her sister 
vessel, Vessel1 and to make it self-sufficient during its stay at port. The installation techniques 
of solar power systems in Vessel1 will not be provided, as this sector is outside of the scope 
of this research paper. 

The secondary data used are considered to be valuable. There are limited sources concerning 
the application of RES in the shipping sector and how a vessel could become self-sufficient. 
The Cost-Benefit Analysis has been used in order to compare the cost of this kind of innovation 
and the benefits that may provide to companies, environment and society.   

23.5 Data Analysis 

23.5.1 Data Collected from Questionnaire  

The purpose of the survey was to identify the public opinion and awareness regarding major 
environmental orientation issues. In here, we will present more analytically the data collected 
from the questionnaire. 500 persons were interviewed. 

Question 1: How much do you consider that the air pollution affects the people’s lives? 
In this question, we intended to find out if the problem is visible from the local community of 
the port of Piraeus and how much their daily routine is affected by air pollution. From the 
results we observe that a great amount of people surveyed are aware of the phenomenon.  
According to the responses 60,4% (302) replied a lot and 23.4% (117) a little. A percentage 
of 14% (70) replied a few and 2,2% not at all. 

Question 2: How much do you believe that the emissions of the vessels at the port have an 
impact to environment? 
This question is used in order to ensure the environmental awareness of the population. 
From the results we may see that they have full knowledge of the environmental issue. 
According to the responses the majority, 70,4% (352) replied a lot, and 27.4% (137)  a little. 
A percentage of 1,8%(9) replied a few and 0,4% not at all. 

Question 3: Do you believe that there is a need for change to the current situation regarding 
the ship-generated emission? 
Although the answer to this question is distinguishable, we need clear evidence in order to 
continue the survey. We observe that a great percentage of the participants want an 
emissions management policy. From the other hand, it is noticeable that an amount of 
respondents stated, “Not interested”, this answer is explained by the current financial crisis 
in Greece which has a huge impact in people’s lives and lead to a denial for other issues 
(McGinn, 2015).  In this question 83.2% replied positively, 8,2% replied “maybe”, 8% replied 
that they are “not interested”  and 0,6% (3/500) replied negatively.  

Question 4: How much familiar you are with renewable energy resources? 
This question was posed in order to investigate if the population was informed for renewable 
energy resources and which is the public attitude. From the outcome, we discovered that 
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the majority was familiar with the use of renewable resources, this was explained by the 
fact that in Greece during the last years there is a great development of renewable energy 
projects (i.e. Euboea Wind Energy Project) (Kaldellis et al., 2013). According to the 
responses 67,6% (338) replied a lot and 29.4% (147)  a little. A percentage of 2.2% (11) 
replied not at all, and a few (4) or 0,8% replied a few. 

Question 5: Do you think that renewable resources would have a positive effect to the 
reduction of air emissions? 
In relation to the previous question, we tried to have a clear idea of the public opinion 
regarding the results of the use of renewable resources. The results showed that a great 
amount of the correspondents have fully knowledge about the positive impact of this kind 
of energy to the minimization of air pollution. According to the responses 64,2% (321) 
replied positively (“Yes”) and 30.8% (154)  “maybe”. A percentage of 4.4% (22) replied that 
they did not know, and three (3) or 0,6% replied negatively. 

Question 6: Who do you think is more responsible to take actions and to enforce measures 
regarding the air pollution? 
In this question we added a variety of answers, because we wanted to find out according to 
our respondents who is more responsible for taking measures regarding this environmental 
issue. From the outcome, it is observed that a great percentage thinks that this subject is 
under government’s jurisdiction. Other people think that shipping companies should enforce 
environmental policy. According to the responses 30,4% (152) replied “the government”, 
28.8% (144) replied “the companies”,  10.8% (54)  replied “the European Union”, 8,6% 
replied “the authorities” and finally 1,2%, (6) replied “the citizens”.  

Question 7: Do you think that the municipality of Piraeus should force government to take 
measures? 
From the answers derived from the above question, we may notice that the population thinks 
that the municipality of Piraeus can play significant role to the minimization of air pollution 
by forcing the government to take all appropriate measures. The answers that we were 
given were: “Yes” 84.6% (423), “Maybe” replied 13% (65) and 2,4% (12) replied negatively 
(“No”). 

From the respondents’ answers, it is clear that the need for change to the current situation is 
clearly identified. Furthermore, the air pollution generated by ships’ emissions is affecting 
negatively local people’s lives. Moreover, it is observed that the use of renewable energy 
resources is widespread, and the people are ready to integrate it into their daily routine.  

23.6 Cost Benefit Analysis 

At this point, Cost Benefit Analysis (CBA) will be conducted in order to evaluate whether the 
project is worth to be implemented in Vessel1. Financial and environmental aspect will be taken 
into consideration. The costs and the annual savings that may arise from the project will be 
analyzed. 

In Vessel1 case, we consider that the panels will be installed with the same techniques with 
the Delos Project. According to a study conducted by Blue Star Ferries concerning Vessel1 
case, 100 (50kWp) PV panels will be used and the covered deck area will be approximately 
110m2. These amendments are explained by the fact that in Vessel1 solar power system will 
be operating especially when the ship is alongside in the port. During this time the ship is using 
power generated from the more expensive and polluting auxiliary diesel engines. Vessel1 
energy demand while at port is in total 1MegaWatt (MW), the energy generated by the solar 
panels will be approximately 1.2MW (the energy generated by the solar panels is higher from 
the Vessel1 energy demand while at Port). Hence, Vessel1 by turning off its engines, it will be 
considered self-sufficient during its stay at port.  

Furthermore, by using auxiliary engines for this kind of vessel, the Marine Diesel Oil (MGO) 
consumption is approximately 1.5 tons. From the above, the fuel saved per year will be 100 
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tons and cost annual savings will be estimated to $50,500, as the current price for MGO is 
estimated to $505 per ton on 14th December 2016 (Hellenic Shipping News, 2016). 
Furthermore, the cost of electrical power generation from auxiliary engines is estimated to 
$0.22/kWh (Blue Star Ferries Study, 2015), thus the annual cost savings will be amounted to 
$14.630. As a result, the CO2 emissions to the environment will be reduced up to 760 Metric 
Tons (MT). Regarding the financing part, it should be mentioned that due to the fact that these 
kinds of technologies are not mature, banks are unwilling to provide capital for such 
investments (International Council On Clean Transportation, 2011). On the other hand, 
European Commission promotes sustainability by offering financial motivation through funding 
programs. For example, the program “Horizon 2020” is offering 38million euros for “New and 
Improved Transport Concepts in waterborne transport” (European Commission, 2016).  Blue 
Star Ferries could use the European funding in order to proceed to the investment; however, 
it is noted that the initial cost is not so high.  

From the data provided by the owners, the total cost for installation of solar power system 
including the Monitoring system (Table 1) and its maintenance costs (warranty period, 
equipment repairs, planned maintenance and upgrades are included) (Table 2) are presented.  

 

Equipment for Solar Power System Costs ($) 

Marine Grade PV Panels 25,000 

Inverters 10,000 

MPPT Charge Controllers 2,000 

Energy Storage (50kWh) 30,000 

Computer Management & Alarm System 8,000 

Design, Installation, Installation Materials 
& Test 25,000 

Total 100,000 

Table 1: Total Cost of Installing a SPS 

 

Years Maintenance Costs ($) 

0 0 

1 200 

2 200 

3 200 

4 200 

5 200 

                                 Total 1,000 

Table 2: Total Maintenance Cost 
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23.6.1 Net Present Value 

Net Present Value (NPV) calculation will be conducted, for the next five years, in order to find 
whether the project’s result leads to profit or loss. It should be mentioned, that the annual 
savings are clearly correlated to the price of the MGO, which is a variable component, and it 
cannot be accurately forecasted. We will calculate the annual savings regarding the cost of 
fuel by taking into account the current price of MGO ($505 per ton). The sum of total annual 
savings from fuel ($50,500) and electrical power generation savings ($14,630) is estimated up 
to $65,130. 

Net Present Value Formula:   NPV = −𝐶𝑜 + ∑
𝐶𝑖

ሺ1+𝑟ሻ𝑖

𝑇

𝑖=0
 

Co= Initial Cost of the investment, Ci= Net Cash flow generated by the project at the time i 
T= life of the project, and  r= discount rate  

 

Years Net Cash Flow Present Value  

i= 1 
65,130 − 200 

ሺ1 +  0.03ሻ
 63,038 

i= 2 
65,130 − 200

ሺ1 + 0.03ሻ2
 61,202 

i= 3 
65,130 − 200

ሺ1 +  0.03ሻ3
 59,459 

i= 4 
65,130 − 500

ሺ1 +  0.03ሻ4
 57,423 

i= 5 
65,130 − 200

ሺ1 +  0.03ሻ5
 56,012 

                              Total 234,096 

Table 3: Years, Net Cash Flow & PV 
 

 

NPV = -100,000+{
65,130−200 

ሺ1+ 0.03ሻ
 + 

65,130 −200

ሺ1+0.03ሻ2  + 
65,130−200

ሺ1+ 0.03ሻ3  + 
65,130−500

ሺ1+ 0.03ሻ4  + 
65,130−200

ሺ1+ 0.03ሻ5  } 

= -100,000 + (63,038 + 61,202 + 59,459 + 57,423 + 56,012) = -100,000 + 234,096 = $134,096 

 

From the above calculation, it is observed that the NPV>O, this means that the project would 
be profitable for the company as the gain of this investment would be more than the initial cost 
(Boundless, 2013). 

It should be mentioned that the price of MGO will be increased in the next 2 years as OPEC’s 
countries concluded to a cut production up to 1% of global output in order to increase the oil 
price (The Economist, 2016). This means that Fuel Annual Savings will be increased, as a 
result the Project’s Annual Cash Inflow will be increased. 
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23.6.2 Internal Rate of Return 

The Internal Rate of Return (IRR) must also be taken into consideration in order to be certain 
whether the project is worth to be undertaken or not.  

 IRR Formula:     IRR = −𝐶𝑜 + ∑
𝐶𝑖

ሺ1+𝑟ሻ𝑖

𝑇

𝑖=0
= 0 

0 = −𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝐶𝑜𝑠𝑡 +  
𝐶𝐹1

ሺ1 + 𝐼𝑅𝑅ሻ1
+  

𝐶𝐹2

ሺ1 + 𝐼𝑅𝑅ሻ2
+ ∑

𝐶𝐹𝑡

ሺ1 + 𝐼𝑅𝑅ሻ𝑡

 

 

Years Cash Flow ($) 

0 -100,000 

 1 64,930 

2 64,930 

3 64,930 

 4 64,630 

5 64,930 

Table 4: Cash Flows per annum 

 
The IRR equals 58%. It is observed that the IRR is very high; this means that the project 
contains less risk and the expected annual rate of return is equal to 58% (Accounting Simplified, 
2012). Furthermore, according to Ragwitz and Breitschopf (2016), the Cost of Capital in 
Greece regarding the investments in renewable energy resources is approximately 12%, much 
lower than the IRR, this indicates that the project should be accepted. 

23.6.3 Payback Period 

Payback period will be used in order to find out the time it will take to the initial cost of the 
investment to the company. More analytically: 
 

Initial Cost of the investment $100,000 

Annual Cash Inflow  

Fuel Savings $50,500 

Electrical power generation savings $14,630 

Annual Cash Outflow  

Maintenace Expenses      $200 

Table 5: Initial Cost, Annual Cash Inflow and Annual Cash Outflow 

 
Net Annual Cash Inflow = (50,500 + 14,630) – 200 = 64,930 
 
Payback Period Formula:   

Payback period = 
Initial Cost 

Net Annual Cash Inflow 
 ,  Payback period = 

100,000  

64,930 
 = 1,5 ≈ 2 years  

 
The payback period is very short and in conjunction the initial capital, makes the project more 
desirable for the company as “it promises quick inflow of cash” and reduces the risk. 
From all above, it is understood that this investment is profitable and solar power energy is 
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considered nowadays “the cheapest form of electricity” (Randall, 2016) as it has lower 
development costs. As a result, the company should proceed to implement this project in 
Vessel1 and other companies should take into account RES as alternative energy saving 
project. This implementation is considered also as an upgrade to the vessel because it 
increases the vessel’s market value. 

23.7 Environmental and Social Aspect 

From the environmental point of view, our data indicated that only from Vessel1 the annual 
reduce of greenhouse gas emissions is estimated to 760 MT in the area of Port A.  This would 
minimize the damage cost to the environment arose by the CO2 emissions (Glossary of 
Environment Statistics, 1997). This external cost by CO2 emissions, it is referred as marginal 
social cost (Lewin, 1982) and it leads to health problems, climate change, reduced agricultural 
yields etc. In 2015, the social cost of CO2 emissions was estimated to $37 per MT (Shelanski, 
2015). From the annual reduce of CO2 only from Vessel1, the social cost would be eliminated 
by $28,120. Hence, this elimination of CO2 emissions will have a considerable benefit to the 
environment and the society (final users). 

23.8 Conclusion 

To conclude, after presenting the above. it is clearly observed that shipping companies by 
investing in RES will have a financial profit by avoiding energy costs and will promote 
responsible energy policy. The results from the Cost Benefit Analysis gave a clear view that 
the benefits exceed the costs which has a positive impact to final users (the environment, the 
society, the companies, the crew members) who will benefit from the implementation of the 
project. Additionally, from the questionnaire, the outcome is that the local community of Piraeus 
have a considerable awareness of the renewable energy resources and the impact of the 
emissions to the public health. Despite the fact that this research has been based on a specific 
case study, all relevant material used (costs, emissions etc.) can be adjusted in similar vessels 
after making minor changes. Lastly, as a future proposal the generalization research could 
also be conducted in order to have a complete perception regarding the tangible and intangible 
benefits. 
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