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Executive Summary 

The following thesis is to be taken as a contribution to the EU project 

òTransbaltic Extensionò
1
. This EU funded project analyses the maritime transport 

environment of the Baltic Sea both under present conditions and likely future trends.  

The shipping industry in the Baltic Sea Region currently faces its biggest challenges since 

the financial crisis in 2008. The implementation of new sulphur emissions limits in 2015 

will force shipping operators either to the usage of higher priced fuel or to invest in new 

types of engines and exhaust cleaning and absorption systems. 

The thesis concludes that a price increase for maritime transports in the Baltic Sea appears 

inevitable and that in consequence a cargo shift from sea to the road most likely will take 

place. Experts predict cargo shifts up to 46 % for certain trade routes which will burden the 

land-sided infrastructure even more. 

As possible solutions for complying with the new sulphur limitations three main 

possibilities are identified: With regard to fuel the usage of Marine Gasoline Oil or 

Liquefied Natural Gas and as a technical solution the installation of exhaust cleaning 

systems, so called Scrubber. The data analysis from the practice favours the usage of 

Marine Gasoline Oil as the short term solution due to practical reasons.  

In discussing the competitiveness of Short Sea Shipping, it is the common habit of 

transport decision makers to underrate the transport mode Short Sea Shipping even though 

it has a high potential with regard to its environmental friendliness.  

The lack of customer focus and lack of collaboration with land sided modes and terminals 

is seen as main reason for this fact. For securing a higher customer focus Short Sea 

Shipping needs to concentrate on the needs of the customer and is hereby dependent on the 

contribution of other business partners and policy makers. A particular role in this context 

plays the terminal operator which constitutes the intersection between sea and land 

transport modes. Within this intersection many inefficiencies are occurring which partly 

can be abolished by terminal operators, while others need to be counteracted by 

simplifying and streamlining bureaucratic procedures which will need positive action by 

the authorities involved, in particular the European Commission. 

In addition, the usage of 45-foot container is evaluated within the thesis. It was found that 

this transport unit is beneficial for all participants of the transport chain. In practice 

however this unit has not fully established itself, due to several challenges on the practical 

and administrative level. The thesis tries to summarize identified challenges and 

opportunities and based on that outlines the potential future strategies for the transport 

mode Short Sea Shipping in order to secure its competitiveness as a transport mode. 

                                                 
1
 www.transbalticext.fi   

http://www.transbalticext.fi/
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1.0 Introduction 

The result of several important international conferences at the end of the 20
th
 century can 

be summarized as follows: Many worldwide economic activities are carried out in a 

manner harmful to the global natural environment. As a consequence of these findings, 

resolution terminology such as ñSustainable Manufacturing,ò ñSustainable Agricultureò 

and ñSustainable Transportò are used to foster new concepts within the economy 

(Leinbach and Capineri 2007).  

Particular interest in this context is given to the concept ñSustainable Transport,ò bearing 

in mind that transport presently relies 95% on finite and non-renewable ñfuelò (Leinbach 

and Capineri 2007). By considering the definition from the World Commission on 

Environment and Development (1987) defining sustainable development as ñ[é] 

development that meets the needs of the present without compromising the ability of the 

future generations to their own needs,ò the question of whether or not the present transport 

concept can be considered as ñsustainableò can be validly raised. By taking into account 

the emissions and connected environmental impacts the present transport concepts create, 

it becomes clear that the present system will become gradually less sustainable over time if 

no changes are made in the future (Leinbach and Capineri 2007). According to Howi and 

Eidhammer (2013) the main challenge is to maintain a competitive transport business 

environment while meeting sustainable emission targets, even though the two goals do not 

exclude each other. 

Turning to the potential different ways of transport, it is a basic fact that the maritime 

transport mode has the least CO2 emissions per ton/kilometre. In consequence a modal 

shift to this particular transport mode appears advisable in order to meet the requirements 

of ñsustainable transportò. In addition, the European Union (EU) has acknowledged the 

environmentally friendly potential of the maritime transport mode and has consequently 

implemented policies in order to strengthen the competitive situation against road and rail 

haulage. This policy in particular is contained in the following EU papers: ñEuropean 

Transport Policy for 2010: Time to decideò (2001), ñMotorways of the Seaò (2003), 

ñMarco Poloò (2003), and ñRoadmap to a Single European Transport Area - Towards a 

competitive and resource efficient transport systemò (2011) which all create a framework 

intended to strengthen Short Sea Shipping competition.  



2 

 

However, as a consequence of the international agreement on lowering Sulphur (Sox) and 

Nitric Oxide (NOx) emissions stemming from maritime transports (launched by the 

ñInternational Maritime organizationò (IMO) and concluded in 1997), the maritime 

industry is facing challenges as well as opportunities internationally. The implementation 

of Sulphur Emission Control Areas (SECA) within the main European maritime trade 

areas, namely the North and Baltic Sea, has necessitated a broad rethinking within the 

maritime industry and all its connected stakeholders (Malmqvist and Aldèn 2013). In 2010 

the SECA-Directive, first proposed by the IMO and implemented by the EU, has come 

into force. This essentially means the percentage of sulphur within the fuel used has to be 

lower than 1%. 

This thesis will study and explore the consequences of the even stricter sulphur limits 

(> 0.1%), which are scheduled to come into play by 1 January 2015, for the maritime 

transport market in the Baltic Sea. This new regulation will force shippers to change to 

other types of fuel or to install exhaust gas cleaning applications in order to meet the future 

legal requirements. Certain predictions simulate various scenarios, but any scenarios will 

result in a cost increase for all sea transports. The new regulation is seen by most of the 

affected companies´ management as a threat which will most likely drive a substantial 

number of shipping companies into severe economic difficulties, including insolvency in 

many cases. Contrary to this negative assessment and expectation, other market observers 

consider this regulation as an incentive for new innovations within the maritime transport 

industry. 

In general, changes within the maritime transport industry are inevitable. These changes 

need to be addressed. In the following the potential impacts on the maritime sector will be 

described and some major impacts on connected industries based on practical interviews 

with affected market participants and experts will be discussed. In addition, the logistical 

approach will be described as a means for counteracting the cost increase of the transport 

mode and to increase the attractiveness of the maritime transport mode. In this context the 

actual situation will be reflected and the major options which are presently open for 

dealing with the new regulation will be discussed. Following the description of possible 

development scenarios, based on both interviews and literature, these predictions will be 

used to evaluate possible business strategies and to give recommendations for mitigating 

possible negative effect of this directive.  
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The paper is structured as follows:  

In the following sections the research problem will be determined and the framework of 

the paper will be set.  

The methodological research approach used for the thesis will be described in section 

three.  

Section four will provide the reader with an insight into the Baltic Sea Region (BSR) and 

the EU Directives for the Baltic Sea in order to highlight the important characteristics of 

this region.  

Following (section five) Short Sea Shipping will be evaluated based on the review of 

adequate literature and case studies. Included in these sections will be approaches from the 

literature dealing with the implementation of Short Sea Shipping into supply chains. A 

detailed description of ship emissions and technological countermeasures will also be 

evaluated. Additional potential impacts of the SECA-Directive on the maritime and other 

related industries will be described.  

Section six will then analyse the practical opinion based on the review of conducted 

interviews. This interviews as well as the literature review will be the base for a SWOT 

analysis.  

In section seven, recommendations will be given to mitigate the negative effects of the 

Directive as well as a conclusion will be provided.  

The structure of the paper can be illustrated in the form of an hourglass due to its 

composition of wider and narrower descriptive and analytical parts: 

 

Figure 1: Structure of the Thesis 
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2.0 Research Problem 

The following section will outline the research problem approached within the thesis. The 

importance of sea transport spans back to ancient times, this transport mode was especially 

inevitable within the Baltic Sea Region (BSR). The shipping industry, however, never 

fully recovered from the impact of the financial crisis in 2008 and is still suffering from a 

large amount of overcapacity, in particular container transports. Many shipping companies 

were forced to close down as a result of long-lasting deficits and strong competition from 

other transport modes. In contrast, the European Union as a whole is facing big congestion 

challenges related to land transport modes. This led to the implementation of several 

policy papers promoting the maritime transport mode, and especially the intra-European 

maritime transport mode, also known as Short Sea Shipping. These policies, however, are 

standing contradictory to the future implementation of the SECA-Directive, which will 

force shipping companies to use expensive fuel instead of traditionally-used heavy oil.  

The research questions (RQ) to be evaluated within this thesis are the following: 

RQ 1) What is the role of Short Sea Shipping within the Baltic Sea Region?  

(1) What are the characteristics of the Baltic Sea Region?(4.0-4.4) 

(2) How is the maritime Short Sea Shipping market structure within the Baltic 

Sea Region?(4.5)  

(3) Why and in which form is there an environmental involvement on behalf of 

the EU in the Baltic Sea Region? (4.6) 

(4) What are the characteristics of Short Sea Shipping?(5.1-5.4) 

RQ 2) How can the maritime industry comply with the SECA-Directive? (5.5-5.6) 

RQ 3) How will the limitation of sulphur levels by the SECA-Directive affect the 

Short Sea Shipping market within the Baltic Sea? (5.7) 

RQ 4) How can the Short Sea Shipping industry remain competitive in the 

changing market environment of the Baltic Sea Region? (6.0-7.2) 

(1) How can market opportunities be used through strength of Short Sea 

Shipping? (7.1.1) 

(2) How can market opportunities be used to minimize weaknesses of Short Sea 

Shipping? (7.1.2) 

(3) How can Strengths of Short Sea Shipping be used to minimize threads? 

(7.1.3) 

(4) What can be done to mitigate effects where weaknesses of Short Sea 

Shipping meet Threads?(7.1.4) 

(5) How can involved business partner support and promote Short Sea 

Shipping? (7.2) 
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The first three research questions will be answered by the review of literature and research 

papers that have analysed the maritime transport mode under environmental 

considerations. Furthermore particular case studies which attempted to predict the impacts 

will be reviewed to describe possible consequences in compliance with the new directive.  

The analytical section (Research Question 4) will be based on practical inputs in the form 

of analysed interviews. These interviews will be the basis for deriving possible strategies 

to mitigate negative effects. 

2.1 Practical and Scientific Interest  

Short Sea Shipping has always been a topic of the literature dealing with transport 

developments (Baird 2007; Paixao and Marlow 2000; Islam et al. 2011). A particular focus 

has been set on the strengths and weaknesses of this transport mode (Paixao and Marlow 

2002) in consideration of competitive transport modes. With the implementation of the 

new sulphur emission regulations, the maritime industry, particularly the one operating 

within the Baltic Sea, is facing new challenges. As an answer to the new regulations, many 

practical papers focus on the effects of the new sulphur regulations (Malmqvist and 

Aldèn 2013; ESN, 2013; ISL 2010; Eyrin et al. 2010) on the shipping market. This 

research is trying to predict the effect of the regulation on the market and is elaborating 

possible solutions and adequate reactions. Most of these studies are a list of appropriate 

solutions, mostly of technical nature, which demonstrates how the market can answer the 

regulation with innovations. This thesis as a non-technical paper aims at evaluating 

recommendations for the commercial practice and works to use literature from the supply 

chain theory to strengthen the position of the transport mode Short Sea Shipping (Fusco, 

Sauri and De Melo 2013). The evaluation will be done under consideration of the strengths 

and weaknesses in the context of external threads and opportunities which might occur due 

to new regulations.  
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3.0 Methodology 

In the following section the data collection method will be evaluated. The purpose of the 

thesis is to provide recommendations for the affected market participants in order to 

mitigate negative effects of the SECA-Directive. As the literature review has shown, there 

are many possible reactions due to unpredictable variables related to this topic. The goal of 

the data collection is to set the literature review into contrast with practical opinions and 

experience. This will help to gain a deeper insight and exploration into the topic.  

3.1 The Case study 

The research approach most suitable when evaluating the effect of the SECA-Directive on 

a particular group is the case study. The advantage of this research method is the in-depth 

examination of a problem using a relatively flexible research plan (Gill and Johnson 2010). 

Yin (2009) describes a case study as an in-depth investigation of a contemporary 

phenomenon by using multiple perspectives. The method which can be used to explore a 

problem is not limited to a particular type of data, rather it allows the usage of different 

data sources. According to Cooper and Schindler (2008) the case study is generally 

referring to research questions which try to explain how and why a phenomenon is 

occurring. Furthermore the case study in combination with interviews allows insight from 

different perspectives and is therefore contributing to the in-depth exploration of a problem 

(Cooper and Schindler 2008).  

3.2 Qualitative vs. Quantitative Research  

According to the literature focusing on research methods, there are two types: 

1) qualitative research and 2) quantitative research. The respective research method is 

chosen based on the strengths and weaknesses of each technique. Quantitative data 

collection is the base for a quantitative research method and shows what is occurring and 

how often it will occur (Cooper and Schindler 2008). This is mainly completed with 

statistical data. According to Cooper and Schindler (2008) this research method is very 

objective and allows the exploration of a topic based on scientific analysis and is 

representative when it is performed with a large population. The quantitative approach is 

often used for theory testing and requires the researcher to keep distance from the research 

in order to avoid biased results. Quantitative data is often the base for the translation of 

events, attitudes or motivations into codes and categories. Negatively the reduction to 

numbers gives space for statistical data manipulation. Cooper and Schindler (2008) state 
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that within the business field, the accumulation and analysis of quantitative data constitutes 

a stable foundation for expensive and critical business decisions. 

Qualitative research is defined by Straus and Corbin (1998) as ñ[...] any type of research 

that produces findings not arrived by statistical procedures or other means of 

quantification.ò According to Gill and Johnson (2010) this definition, however, is missing 

the main advantage of qualitative research: the exploration into why people do the things 

they do. Cooper and Schindler (2008) support this argument by stating that qualitative 

research is explaining ñwhyò and ñhowò things happen as they do. This research method 

allows for an in-depth understanding of a situation. Normally the qualitative approach 

lacks the endorsement of the top management level based on the wide range of possible 

bias in data collection and interpretation. On the other hand, qualitative research provides a 

reflected description of events, situations and interaction between people and things 

(Cooper and Schindler 2008). In contrast to the quantitative approach, the qualitative 

approach is capable of providing insights necessary to make decisions. Possible sources for 

qualitative research are individual, in-depth interviews, case studies, ethnography, 

grounded theory action research and observations.  

Within this thesis the qualitative research approach will be used. The advantage of this 

method is the in-depth understanding of the topic and reactions. While the quantitative 

approach tries to predict and check theories, the qualitative approach goes beyond this and 

allows more space for individual assessment of future situations. The allowance of the 

small sample size of this method and the possibility to set focuses during the data 

collection process contributes to the main goal of the thesis.  
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3.3 Process of Qualitative Research  

According to Cooper and Schindler (2008) the research process starts with an in-depth 

understanding of the managerial problem. Qualitative research also requires a deliberate 

preparation by the researcher. The research process can be illustrated in the following 

figure:  

 
Figure 2: Research Model (orientated on Cooper and Schindler 2008) 

  

The research model demonstrates that after the determination of the research focus, a 

focused literature review related to the research problem is done. This literature review can 

be seen as the preparation of the researcher who will gain an in-depth insight into the topic. 

Based on this insight the target group of the qualitative data collection process is 

determined. On the other side, the content of the data collection process is also determined. 

The combination of content (data collection design) and target group leads to an interview 

guide. Proceeding to the data collection in the form of interviews, the collected data is 

summarized and analysed. From the analysis of the data, recommendations are derived, 

strengthening the competitive situation of Short Sea Shipping.  

3.4 Primary Data collection method: Interviews  

An interview is a special type of conversation in which the interviewerôs aim is to obtain 

knowledge of the respondentôs world (Thorpe and Holt 2008). This technique is used as 

the primary data collection method for gathering data in qualitative methodologies (Cooper 
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and Schindler 2008). The interviews vary based on the number of people involved, the 

level of structure, as well as the relationship between the interviewer and interviewee. The 

interview can be conducted individually or in groups. The individual interview allows for 

the exploration of detailed individual experiences, opinions and choices. The interviewer 

needs to have an understanding of the interview issue and needs to encourage the 

interviewee to feel comfortable while also probing for detail. The researcher can either 

choose an unstructured interview, a semi-structured interview or a fully structured 

interview, similar to questionnaire with open-ended questions (Cooper and Schindler 

2008). The structured interview has the advantage that the outcome of a particular 

interview is better comparable to other of the same type. On the other hand, Thorpe and 

Holt (2008) point out that a fully structured interview can constrain the interviewee to the 

agenda or the questionnaire and does not allow for variation in key aspects. Based on the 

characteristics of qualitative research, the focus on in-depth understanding, this type of 

research relies on unstructured or semi-structured interviews. This allows researchers to set 

individual focal points during the interview and to explore opinions individually. 

The semi-structured interview was also selected as an adequate tool to collect data for this 

thesis. Based on the literature review, certain points-of-interest were explored and 

formulated into a list of questions. Additionally, the literature review was the base for the 

selection of interview partners. As interview partners, market participants within the 

SECA, as well as experts from famous research institutes and policymakers, were selected 

to provide a broad understanding of the business environment. Based on the variety of 

partner chosen, the semi-structured interview method allows the adjustments of focus 

points based on the individual position/attitude towards the SECA-Directive. The 

interviews were divided into two parts: 1) Short Sea Shipping and 2) SECA-Directive and 

expected impacts. The interviews are aimed for contributing to achieve two goals: firstly to 

question the foregoing literature review and secondly to recommend and formulate 

practices and strategies to comply with the directive. The Interview Guide can be reviewed 

in the back of this thesis. 
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The list of interview partners as well as the focal institution can be seen in Table 1.  

Table 1: List of interviewees 

Name of Interviewee Focal Institution 

1. Mr. Michael Tasto Institute of Shipping Economics and Logistics  

2. Mr. Gustav Malmqvist MIDEK, AB   

3. Mr. Andreas Göttsche  BUSS Ross Terminal GmbH & Co. KG  

4. Mr. Kurt Bodewig European- TEN-T ï Coordinator  

5. Mr. Harilaos N. Psaraftis Technical University of Denmark  

6. Mr. Lutz Birke  Hamburg Port Authority  

7. Mr. Lasse Pipoh  Short Sea Shipping Promotion Centre (SPC)  

8. Mrs. Lorena Bückler and Mr. Christof Schwaner German Ship-owner Association  

9. Interviewee #9 * Maritime Consultant Company  

* Respondent wants to remain anonymous 

3.5 Validity and Reliability  
The validity and reliability of the research method is secured by the diversification of the 

interview partners. This method is called ñtriangulationò and allows the researcher to 

overcome bias which might occur by only collecting data from one particular source 

(Gill  and Johnson 2010). The topic SECA-Directive in particular needs to be investigated 

from different angles to allow adequate evaluation, instead of reflecting one particular 

opinion. Additionally, the main goal of the thesis to give recommendations for the 

maritime industry which is an international business makes it reasonable to diversify the 

data collection also on an international level. 
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3.6 Unit of Analysis 
The thesis is exploring the effects of the stricter sulphur limits within shipping fuel and 

how the negative effects can be mitigated. The research questions which are stated above 

are aiming to explore a) the effects and b) possible ways to react adequately to the negative 

effects. As a result, the Unit of Analysis within the research will be the short sea shipping 

transport market of the Baltic Sea in its business environment. 

 

 

Due to the fact that Short Sea Shipping is a business involving many stakeholders, it is 

reasonable to put the major focus on Short Sea Shipping as well as consider the most 

important related businesses as illustrated in Figure 3.  

  

Short 
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Shipping  

Industry 
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Terminal Competitors 

EU 

Figure 3: Unit of Analysis 
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4.0 Background: The Baltic Sea 

The encyclopaedia Britannica (2014) defines the Baltic Sea as an ñ[é] arm of the 

North Atlantic Ocean, extending northward from the latitude of southern Denmark almost 

to the Arctic Circle and separating the Scandinavian Peninsula from the rest of continental 

Europe.ò The Baltic Sea ranges over 368,000 km² and is the largest expanse of brackish 

water worldwide. Graphically the Baltic Sea can be illustrated as follows:  

 

Figure 4: Baltic Sea Region (Baltic Sea Region 2014) 

However for the purpose of this thesis the Baltic Sea definition will be expanded so that 

Norway also becomes a bordering nation. This basis for this expansion of the definition is 

due to the high market involvement of the Norwegian maritime industry within this area 

and the connected affection of Norway by the SECA-Directive. Based on the high number 

of abutting nations, the Baltic Sea is the centre for international trade between the involved 

nations (Kersten et al. 2012). 

The Baltic Sea Region (BSR) is of particular interest because it was one of the fastest 

growing economical regions in the world, with exception of the years of the crisis which 

had hit this region especially hard. It is estimated that the region will grow from 2.9 -

 3.1 percent in 2014 which is however still under the average growth potential of four 

percent (ACL 2014).  
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4.1 The Baltic Sea Region 

The following section will describe the Baltic Sea Region in detail. Due to the different 

levels of economic development per country, as well as other country-specific 

characteristics, it is reasonable to analyse them in with a separate focus. In the end the 

importance of logistics within this region will be described and analysed.  

In contrast to the preceding definition, Kersten et al. (2012) describe the Baltic Sea Region 

(BSR) as the abutting nations to the Baltic Sea, including Norway and Iceland. In this 

region live approximately 60 million inhabitants, whereas the Scandinavian countries 

account for 45 % of the population (Baltic Development Forum 2011). All countries apart 

from Norway and Russia are member states of the EU. Norway, however, as a member of 

the European Economic Area (EEA), has access to the internal market of the EU. Within 

the BSR all countries have strong trading relationships to each other, resulting in the 

regions forming part of the top ten import and export partners for each individual country 

(Kersten et al. 2012).  

Another point illustrating the diversity and complexity within the BSR is the Corruption 

perception Index which is provided by Transparency International (2013). Four of the top 

five nations (least corruption worldwide) are located within the BSR region 

(Denmark 1
st
, Finland and Sweden 3

rd
, Norway 5

th
). On the other side, countries such as 

Estonia (28
th
), Poland (38

th
), Lithuania (43

rd
) and Latvia (49

th
) have room for 

improvement. Russia in particular, with its ranking of 127
th
 out of 175 nations, 

demonstrates that the cultural differences varying widely within the region might cause 

cultural problems when it comes to transnational cooperation. 

4.2 The economic importance of the Baltic Sea Region 

In the Global Competitiveness Report 2013-2014 (GCR 2014) which is regularly 

published by the World Economic Forum, the countries Germany, Sweden and Finland are 

declared to belong to the worldôs top ten most competitive countries. The companies 

operating within the BSR not only have access to the described 60 million inhabitants 

directly bordering the Baltic Sea, but can also access other countries such as Belarus and 

Russia, which together comprise of 640 million inhabitants (World Economic 

Forum 2011).  

According to Kersten et al. (2012), the BSR is accounting for approximately 11 % of the 

EUôs gross domestic product (GDP). Within this calculation the Scandinavian countries 
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contribute 62 %, the northern parts of Germany and North-western Russia 13 % each, all 

Baltic States combined (Lithuania, Estonia and Latvia) seven percent and the northern part 

of Poland five percent. The overall value adds up to 1,300 billion Euros. The GDP shows 

that the BSR evolved over the last 10 years into an important European growth region with 

growth rates between seven percent and 10 % in 2007. In comparison, the growth rate in 

the Scandinavian countries and Germany was only between one and six percent. The crisis 

had a very large impact on the BSR economies. The can be seen in the following 

illustration: 

 

Figure 5: GDP development by country of the BSR (Eurostat 2014) 

 

It can be seen that BSR countries still have not recovered completely from the impact of 

the crisis, resulting in bigger economic differences between developed countries 

(Germany, Scandinavia) and transitional countries. The values which are displayed for 

2010/2011 reflect an economic recovery in the BSR, and it can be seen that although the 

growth of the economies is lower than before the crisis, there is still some growth within 

them (EU 2013).  

4.3 Logistics in the Baltic Sea Region and the EU 

Due to the geographical location and economical dynamics, logistics is one of the major 

points-of-interest for the BSR. The transports within the BSR take place through all 

common transport modes including road, rail, sea, inland water shipping, air freight and 

pipelines (EU 2013).The largest importance in the intra-European freight transport has still 

the road transport mode (49 %) followed by the Short Sea Shipping mode (40 %) and the 

rail mode (11 %), as can be seen in the appendix (Appendix 1). Due to the importance of 

logistics for the economic development of regions, the EU aimed to build solid 
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fundamentals for this development by publishing a so-called White Paper of Transport in 

2011 (European Commission 2011). This paper points out the importance of the 

transnational transports on the one side, but also highlights the economic, social and 

environmental framework of this growing society. Kersten et al. (2012) state that many 

goods are transported from Russia, a country rich in resources, via the Baltic Sea to the 

consumers living in central and western Europe.  

4.4 The Logistic Performance Index  

The Logistic Performance Index (LPI) is yearly measuring the logistic quality of 

155 countries worldwide. The evaluation of the LPI is mainly based on six criteria to 

determine the quality of the logistic market. These criteria are 1) efficiency of transports, 

2) quality of infrastructure, 3) ease of arranging competitive prices shipments, 

4) competence and quality of logistic service, 5) tracking and tracing ability and finally 6) 

the frequency of on-time deliveries (Worldbank 2014). Within this measurement, Germany 

is named as the best logistic performer in 2014. Within the top ten worldwide, three 

countries of the BSR are ranked: Germany (1
st
), Sweden (6

th
) and Norway (7

th
). Other 

countries such as Denmark (17
th
) and Finland (24

th
) also have a very good logistic 

performance. Furthermore, countries such as Poland (31
st
), Latvia (36

th
), Estonia (39

th
) and 

Lithuania (46
th
) also have a relatively good ranking. Al though the performance of the 

Baltic States does not seem to be outstanding, rather average, the improvement becomes 

apparent when considering their ranking in 2012: Latvia 76
th
, Lithuania 58

th
 and Estonia 

65
th
 (Worldbank 2012). The ranking of Russia (90

th
) still has room for improvements in 

the logistic sector in this country.  

4.5 Maritime Transport in the Baltic Sea Region  

The importance of shipping within this region is significant based on the geographical 

conditions of the Baltic Sea. It also provides a link to the important economic regions 

worldwide. This can, in particular, be seen by the container cargo handled in the port of 

Hamburg, which is used as a hub for intercontinental incoming and outgoing freight. 

According to the Baltic Container Handbook (2013) Hamburg is the most frequently used 

transhipment point for the BSR with 55 fixed services (June 2013). Hamburg is followed 

by Bremerhaven (41 fixed services), Rotterdam (37) and Antwerp (11). Therefore the hub 

role of the port of Hamburg for the BSR is dominant and it is likely that it will continue to 

increase further. In the beginning of 2012 Rotterdam was strongly rivalling with 
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Bremerhaven for the position of the second port of choice with 46-47 single rotations, but 

according to the Baltic Transport Journal (2013) the German ports were able to maintain 

their position. Container turnover was again rising in 2012 with nearly 9.5 million TEU 

handled (Baltic Container Handbook 2013).  

One third of the total amount was handled in three Russian Baltic ports. Also a large step 

forward was made by Poland with 1.7 million TEU in their three ports. The new role of 

Gdansk as a transhipment hub for Russia also needs to be considered in this context (Baltic 

Container Handbook 2013). Most ports and terminals have exceeded their handling peaks 

from 2011 and are already past the results from years before the crisis (Baltic Container 

Handbook 2013). The following figure illustrates the top fifteen container ports within the 

Baltic Sea Region (including Norway), whereas Hamburg as the most important 

transhipment hub was included with all TEU handled for the BSR
2
:  

 

Figure 6: Top Fifteen Container-handling Ports (Baltic Container Yearbook 2013) 

 

The major container growth of the region had taken place in the ports of St. Petersburg 

(+ 160 thousand TEU), Gdansk (+240 thousand TEU), Gdynia (+60 thousand TEU), Riga 

(+59 thousand TEU), Kaliningrad (+45 thousand TEU) and Tallinn (+30 thousand TEU). 

The Baltic Container Yearbook (2013) states that the established Scandinavian ports, for 

example the ports in Finland, only grew on a moderate level. The sum of 9.5 million TEU 

                                                 
2
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handled in 2012 within the BSR (excluding Hamburg) is divided in 9.2 million container 

boxes handled by Lo-Lo and 240 thousand TEU transported by Ro-Ro/Con-Ro, 

conventional or Lo-Lo-tramping. The latter market is dominated by the port of Lübeck 

(D), Hanko (FIN) and Kiel (D) which handled together 214,000 TEU.  

The container shipping market within the Baltic Sea is characterized by a high density of 

container shipping companies, which employed a total number of 149 container ships in 

2013. Table 2 is listing the container shipping lines operating within the Baltic Sea and 

their total TEU capacity. 

Table 2: Container Shipping Lines BSR (Baltic Container Handbook 2013) 

No. Operator No. of Ships 
Total TEU capacity       

(in BSR) 
Ships average TEU Market Share 

1 MSC 18 31.854 1770 20,17% 

2 Unifeeder 30 31.661 1055 20,05% 

3 Seago Line 13 17.587 1353 11,13% 

4 CMA CGM 16 15.501 969 9,81% 

5 Team Lines 10 8.884 888 5,62% 

6 Hapag-Lloyd 6 7.497 1250 4,75% 

7 Containerships 8 7.005 876 4,44% 

8 00CL 5 5.970 1194 3,78% 

9 TransAtlantic 9 4.420 491 2,80% 

10 Green Alliance 3 3.393 1131 2,15% 

11 Eimskip 2 2.930 1465 1,86% 

12 Sea Connect 4 2.650 663 1,68% 

13 Delta Shipping Line 3 2.604 868 1,65% 

14 X-Press Feeders 3 2.561 854 1,62% 

15 SCA Logistics 2 2.072 1036 1,31% 

16 Mann Lines 3 1.974 658 1,25% 

17 MacAndrews 3 1.896 632 1,20% 

18 Samskip 2 1.816 908 1,15% 

19 K-Line 2 1.387 694 0,88% 

20 Tschudi Lines 2 1.016 508 0,64% 

21 Green Feeder 2 1.016 508 0,64% 

22 APL 1 1.008 1008 0,64% 

23 Swan Container Line 1 868 868 0,55% 

24 Hackling Seatrans 1 374 374 0,24% 

 Sum 149 157.944 1060 100% 

 

 Although MSC is offering the highest capacity within the market, the biggest fleet of 

container ships is controlled by Unifeeder with 30 ships. They are followed by MSC (18) 
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and CMA CGM (16). The market share of each company is calculated from the percentage 

of the companies TEU capacity on the Total TEU capacity. This was done under the 

assumption that market power can be defined over TEU capacity instead of by employed 

number of ships.  

4.6 Involvement EU Policies in BSR 

In the following section, the involvement of the European Commission which is executing 

the resolutions of the European Union will be described. Its policy papers can be divided 

into three groups whereas each group is addressing a particular instance. While the ñEU 

strategy 2020ò is describing the plans for the EU as a whole, the ñEU White Paper:  

Roadmap to a Single European Transport Area ï Towards a competitive and resource 

efficient transport systemò is focusing on EU transports in general. Finally the SECA-

Directive is focusing in particular on a specific environmental field of interest.  

4.6.1 EU strategy 2020 

The EU strategy 2020 was launched in 2010 when the crisis eroded the economies within 

Europe. This strategy aimed to setup goals for the EU which help to maintain an advanced 

economical position within the world economies. Next to goals such as an employment 

rate of 75 % for the 20 to 64 year old population of the EU also other goals are affecting 

the transport sector (EU 2010). One of these goals is the reduction of greenhouse gas 

emissions by around 20 % compared to 1991. This is directly addressing the European 

transport sector, due to its high proportion of emissions. 

Another ambition of this strategy is the implementation of ñA single market for the 

21
st
 centuryò (EU 2011). The strategy is aiming to foster a stronger, deeper, extended 

single market within the EU in order to balance the trend of economic nationalism caused 

by the crisis. Even though there is a legal existence of a single market, businesses are still 

facing different legal systems which are hindering the transnational trade. The strategy is 

trying to tackle this problem, by fostering cohesion projects within the EU. This point of 

the Strategy 2020 is directly affecting the international transport. Transports are often 

facing bureaucracy burdens even within the EU resulting in increased transaction cost. 

Psaraftis (2005) describes that Short Sea Shipping especially is facing obstacles when it 

comes to customs procedures, even though the transport is only intra-European. The 

strategy paper emphasizes that the EU will increase their investment in infrastructure and 

transport networks under the premise of low carbon emission. In summary, the strategy 
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2020 from the EU aims to strengthen the import and export position of Europe with all its 

connected challenges such as transport infrastructure and emission reduction.  

4.6.2 EU White Paper: Roadmap to a Single European Transport Area ɀ 
Towards a competitive and reso urce efficient transport system  

The White paper was published in 2011 and refers to the EU strategy 2020. This paper 

directly addresses the transport plans of the strategy paper and lists details how to achieve 

the goals. The EU is aiming to create a more competitive transport system where larger 

volumes of freight are consolidated and individual transports are only for the last mile.  

The maritime transport sector is directly addressed by naming that the emission of 

greenhouse gas should be cut down about 40 % (optimal 50 %) by 2050 compared to 2005 

(EU 2011). Another emphasis within this paper is the creation of the single European 

transport area. Hereby the paper puts a particular focus on the mode air, rail and maritime 

shipping, based on the existing bottlenecks caused by technical and/or legislative 

obstacles. The implementation of a so called ñBlue Beltò in the seas around the EU is 

aiming to simplify the formalities for ships operating among EU ports. Within the paper a 

goal is ñ[...] the removal of restrictions on cabotage, abolition of barriers to short sea 

shipping.ò (EU 2011) As an initiative to reach this goal, the EU is planning to foster 

investments in IT, reviewing restrictions on port services and enhancing the transparency 

of port financing in order to avoid distortion of competition.   

4.6.3 SECA-Directive  

The emission of exhaust gases and particles from seagoing ships is significantly 

contributing to the total emission from the transport sector (Eyring et al. 2005; Corbett and 

Fischbeck 1997) and is therefore affecting the chemical composition of the atmosphere, 

climate and regional air quality. Eyring et al. (2010) state that 70 % of emissions from 

oceangoing vessels is occurring within 400 km of the coastline along the main trade routes. 

Next to the CO2 emission, side emissions, which are usual in maritime transports, such as 

SOx and NOx, are contributing to the acidification of shallow coastal waters. These so 

called ñanthropogenicò has a significant impact on the ecosystem and can be transported  

large distances by air from its sources. Since ship exhaust gases contribute to the 

worldwide pollution of the air and sea, several international, local and regional legislators 

have implemented more and more rules and regulations for the emission of ships.  
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Already in 1998 the International Maritime Organisation addressed this topic and 

suggested emission regulations (IMO 1998). This regulation planned a certain emission 

regulation for international operating ships following a detailed schedule called ñANNEX 

VI of MARPOLò (the international Convention for the Prevention of Pollution from 

Ships). Within this directive IMO declared the goal of emission decrease of NOx of about 

30 %, based on lower engine speed of international operating vessels. From the beginning 

of the year 2000 all new ships had to comply with this regulation and have a ñNOx 

optimized engineò meeting the requirements. 

The other part of the protocol addresses the emissions of SOx. Effective from May 2005 

the IMO set limits for deliberating emissions of ozone depleting substances. On this day 

the sulphur content of shipping fuel was limited to 4.5 % for all ships. Furthermore the 

Sulphur Emission Control Areas (see Appendix 2) were installed in 2006, beginning with 

the Baltic Sea (North Sea in 2007). On the base of the above mentioned ñANNEX VI of 

MARPOLò, which addressed the global shipping community, the EU setup a specific 

directive (SECA-Directive) for the Emission Control Areas within the EU. 

 The EU saw a special demand for such legislation, due to the high population density 

within the coastal areas of the northern area of the EU. Furthermore the IMO considers the 

Baltic Sea as a ñParticularly Sensitive Sea Areaò which needs special protection due to 

ñ[...] its significance for recognized ecological or socio-economic or scientific reasons and 

which may be vulnerable to damage by international maritime activities.ò (IMO 2014a). 

Therefore the SECA-Directive sets up stricter environmental rules for this area, 

particularly for the sulphur emission, to preserve the life quality of populations living at 

the coastal area (EU 2012).  
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The following picture illustrates the connection between IMO and the EU directive and the 

sulphur limits:  

 

Figure 7: Overview Sulphur Emission Legislation Framework (orientated on IMO 2014b; EU 2012) 

 

Remarkable is the concentration of the Directive on fuel the ships are using. When 

implementing this legislation, the EU was aware of the effects which might occur, such as 

scarcity of high quality fuel resources, higher prices for this fuel and the competitive 

situation with other transport modes. Therefore the Directive also considered technical 

emission abatement methods such as some types of scrubbers which clean the exhaust of 

the ships. The directive emphasizes that these methods can provide the same effect as by 

using the low sulphur fuel. Furthermore the Directive suggests the usage of alternative 

fuels, for example liquefied natural gas (LNG) or bio fuels. Finally the Directive is aware 

of the fact that it is, in a way, building obstacles for the transport mode ñseaò and is trying 

to mitigate the risk of a modal shift to the street by suggesting the possibility of State aid 

from the member states.  
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5.0 Literature Review  

5.1 Definition of Short Sea Shipping 
Within the academic literature the term ñShort Sea Shippingò (SSS) is often used without a 

previous definition. Nevertheless by using a focused research, certain definitions can be 

identified. The European Commission defines SSS as ñ[é] the carriage of goods by ships 

among the ports located in the geography of Europe or among these ports placed in non-

European countries having a coastline on the enclosed seas around Europe.ò(Leinbach and 

Capineri 2007). Another definition provided by Stopford (2009) defines SSS as a 

distribution service from regional main cargo ports, such as Rotterdam, to other ports. 

Additionally Stopford (2009) uses the ship size as an identifying feature and determines 

the limit for SSS-vessels between 400 dwt and 6,000 dwt. There is however no firm rule 

regarding the size, as it can be seen in the average size of operating vessels in the BSR 

(Table 1). A third definition is provided by the ECMT (2001) describing SSS as ñ[é] a 

maritime transport between ports in mainland Europe, including a) intra-European national 

coastal shipping, between two ports of the same country; b) intra-European international 

shipping whose ports of origin and destination are European ports; c) the European leg of 

inter-ocean trades.ò The same institution (ECMT 2002) later defines SSS as transports 

involving a sea or ocean leg without ocean crossing. Moreover Paixao and Marlow (2002) 

divide SSS into three sub sectors: the feeder market, the intra-European market and the 

cabotage market. In conclusion it can be seen that there is neither a clear definition of SSS 

within the academic literature nor a common understanding among the professional 

maritime institutions. For the continuing evaluation of the thesis the following definition 

will be used:  

ñShort Sea Shipping is the transport by ships between European ports as well 

as non-European ports without any ocean crossing and can take the form of a 

feeder service, pure intra-European transport or cabotage service.ò 

5.2 Characteristics of Short Sea Shipping 

5.2.1 Categories of Short Sea Shipping 

Based on the foregoing definition of SSS, the following section will explain several types 

of SSS in order to provide a complete understanding of this particular field. Paixao and 

Marlow (2002) divide SSS into four different categories.  
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The first category consists of traditional single deck bulk carriers. These are used for the 

transportation of neo-bulk cargoes such as forest or steel/metal products. In certain cases 

these types of vessels are also able to carry traditional bulk cargos. This however demands 

specific construction flexibility of the ships.  

The second type Paixao and Marlow (2002) mention are container vessels, which replaces 

the general cargo vessels and can carry high value cargoes and provides a link to ocean-

bound container vessels. These vessels consist mainly of a TEU capacity ranging from 150 

to 500 and operate under the schedule of the intercontinental operating big vessels, 

whereas bigger ship sizes are currently more common. According to Paixao and Marlow 

(2002), within Europe these types of vessels are operating in four main areas: the 

Mediterranean Sea, the English Channel, the Atlantic Coast and the Baltic Sea. 

The third category within the SSS business comprises of ferries. This category is described 

by Paixao and Marlow (2002) as an extension of road transport, and in some cases, given a 

commitment of high capital investment, also the extension of rail. This class of ships is 

capable of transporting both, passenger as well as the wide range of cargoes including 

palletised cargo, accompanied or unaccompanied trailers, semi-trailers, swap bodies, 

railway wagons, cassettes or project cargo. Paixao and Marlow (2002) identify this 

category as having a strong presence in the Baltic Sea Region.  

The fourth category is the bulk carriers and tankers with a dimension of less than 3000 

deadweight tonnes and is engaged in the pure, conventional dry and liquid trades such as 

mineral oil products, chemicals, liquefied petroleum gas (LPG), coal, iron ore and grain. 

The fact that more and more break-bulk cargo and even bulk cargo is becoming 

containerized creates an association of European SSS that is equal to Container SSS 

(Paixao and Marlow 2002). The trend of transporting unitised cargo is fostering the 

competition between the transport modes because a substitution becomes less complex. 

SSS is competing on two different levels. While the Ro-Ro services are competing with 

SSS on the near sea with road transports, based on cost and physical geography, Lo-Lo 

services are competing on longer distances, which imply a competition with the rail mode. 

The cost of a Ro-Ro mode over long distances is lacking cost competiveness due to the 

costs which occur by operating trailers accompanied with drivers. This point is supported 

by Peeters et al. (1995) who state it only becomes economic to carry driver accompanied 

trailers if and when the Ro-Ro ferry transport is covering the resting/sleeping time of the 

driver. Due to SSS being a special example of a break within the logistics chain, the Lo-Lo 
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service is only economical when transport cost savings take place during the SSS voyage. 

By considering this fact it is clear that a perfect synchronisation of the interface logistics 

operation has to be developed since idle cargo adds no value.  

5.2.2 Short Sea Shipping Markets 

Paixao and Marlow (2002) differentiate SSS into three main areas: the feeder market, the 

pure intra-European market and the cabotage market. The feeder market can be seen as a 

continuation of the deep sea shipping market based on the establishment of hub and spoke 

transport systems within the maritime transport industry. Therefore the feeder market is 

suffering from the same mode competition pressures as the ordinary pure European 

shipping market. However, the feeder services are seen as an extension of door-to-door 

services. Paixao and Marlow (2002) continue their description with the thirdly named 

category of SSS, the cabotage market, which can be integrated into the previous categories 

as pure domestic and island trade. It is therefore possible to summarize the three different 

possible types of SSS into one big market. SSS is a shipping market which is either pure 

intra-European transport where the final destination is already reached or a feeding 

extension, national (cabotage) or transnational.  

5.2.3 Types of Short Sea Shipping Services 

The SSS market can offer three diverse types of SSS services, and can be divided into the 

supply and demand side. Turning to the demanding side there are the customers who are 

served by the supply side, the liner shipping companies, shipping agents, freight forwarder, 

port organisations, stevedoring firms, inland transport operators or a combination of these 

in the shape of non-vessel operator common carrier (NVOCC) or multimodal transport 

operator (MTO). Paixao and Marlow (2002) use the logistical point-of-view to create three 

classifications for SSS in order to determine the ways in which SSS can be implemented in 

the logistical chain and how the market demand can be served. Hereby they are using the 

service level as a classification criterion.  
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The three different classifications can be seen in Table 3 (Paixao and Marlow 2002). 

Table 3: Types of Short Sea Shipping Services (Paixao and Marlow 2002) 

 

Logistic classification of short sea shipping 
Type of Service Sub-types of Service 

Dedicated SSS  

Systems SSS (multi-port) 

¶ Self centered service 

¶ Disenclavement service 

¶ Network mixed service 

Standard SSS  

 

On the one had there is the highly specialized service (ñDedicated SSSò) customized to the 

demanding party. This part includes a deep involvement of certain players, meaning there 

needs to be a close cooperation among all players involved in the supply chain to meet the 

requirements of the shipper and/or the customer. 

 On the other hand there is the standard SSS service offered by liner services. These liner 

services offer a frequent, scheduled and customary seaborne transport between predefined 

ports. The involvement of the players on the supply side, mentioned above, is more 

standardized and no special service for the costumer is offered.  

Between these two SSS types derives a third type of SSS service balancing between 

standard liner services and customized designated services. This type is called System SSS 

and is a hybrid between standard and dedicated SSS. It can occur in three forms as 

illustrated in Figure 8. This type-differentiation allows building up the appropriate 

connection between SSS and Supply Chain Management. Depending on the demand on the 

customer side the supply side of the SSS is able to offer an appropriate service. Paixao and 

Marlow (2002) identify different elements that can be part of SSS and that can show the 

wide service/product-range of SSS: multimodal/intermodal, intra-EU cargo, unitised cargo 

units, floating stock, information and facilities network.  

The ultimate aspect requiring consideration in order to provide a complete SSS description 

is the explanation of the different kinds of characteristics of companies acting within the 

market. Companies operating in the SSS market can either own a considerable number of 

their own ships with which they serve the market or they own only one or a very small 

number of ships often employed under shipping pools.  
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In conclusion this chapter can be summed up in the following illustration: 

 

Figure 8: Short Sea Shipping ï Graphical Summary 

5.3 Strengths and Weaknesses of Short Sea Shipping 

5.3.1 Strengths  

As a major strength favouring the SSS, the geographical environment of the EU can be 

seen: the facile accessibility of ports (Islam et al. 2011) combined with the long total EU 

coastline, exceeding 67,000 km (Paixao and Marlow 2002), builds a good competitive 

situation for SSS. Additionally Paixao and Marlow (2002) state that 60 % to 70 % of all 

industrial and production centres of the EU are located within 150 to 200 km of the 

coastline.  

Another big strength of SSS is the possibility to carry higher volumes than other modes 

and thus resulting in a better use of economies of scale (Islam et al. 2011). The economies 

of scale allow SSS to offer services at lower freight rates and therefore exploit an 

underused available capacity without incurring high capacity-related investment costs. 

Rojon and Dieperink (2014) describe SSS as the only transport mode making it possible to 

carry bulky goods and raw materials at an affordable price. This plays a particular role in 

the door-to-door transport of certain cargo types, namely dry and wet bulk by coastal and 

sea-river vessels (Paixao and Marlow 2002). Based on its geographical advantage and the 
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named capability to carry high volumes of goods, SSS is able to foster the integration, 

cohesion and economic development of remote areas within the EU or even beyond.  

Based on the fact that SSS an extremely capital-intensive industry is, the market has higher 

entry barriers than for example the road transport. This gives players already in the market 

the advantage to develop transport systems/networks where the most capital intensive 

mode is already present (Paixao and Marlow 2002). Islam et al. (2011) as well as Paixao 

and Marlow (2002) both name the unlimited capacity of the sea as another advantage. 

While there is an era of congestion on landside modes, the capacity of the sea is virtually 

unlimited and the demand of infrastructural maintenance or extension is by far lower. SSS 

does not require sea lanes but only superstructure along the coast that may contribute to 

safety of navigation. As a result the investment in infrastructure can also be seen as an 

investment in the attractiveness of SSS, for example a vessel traffic management 

information system which helps to guard the effect of the broken transport chain. 

Considering the timetable restrictions of driving hours in some countries of the EU the sea 

offers a seven day-a-week transport possibility. New tax schemes for road transport, such 

as Eurovignette in which a function of distance travelled and number of days remaining in 

a country defines the amount to pay, are also favouring the maritime transport mode. 

Paixao and Marlow (2002) continue that consequently the cost of port maintenance and 

port investments is low compared to all land transport modes, especially by considering 

the external costs such as congestion and pollution. 

The only external cost necessary for an SSS business and might be carried by ñnot directly 

involved participantsò is an adequate port infrastructure which needs to handle entry and 

exit of goods by avoiding congestion. This however has to be organized on a mutual base 

with the involvement among different players to prevent the existence of bottlenecks in 

transport chains. According to Paixao and Marlow (2002) this situation implies that SSS 

does not need innovation in the form of new investments in infrastructure, but the 

performance can be easily increased by the cooperation of SSS and business related 

players. The implementation of a new philosophy would increase the flexibility, creativity, 

integrity, leadership and openness to learning, which will help to handle market 

uncertainties and new logistical challenges like Just-in-Time (JIT). Related to the capital 

intensity, which gives the players of the SSS business a competitive edge, there is also the 

skill and knowledge level of the players acting as a high entrance barrier (Paixao and 

Marlow 2002). Based on the major implications of accidents on sea, e.g. the EXXON 
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Valdez, the level of legislation on a national and international level is very high. Therefore 

the knowledge and skills of SSS actors are more difficult to be imitated than those of their 

competitors from the land modes. 

In 2012, the energy consumption of the transport sector accounted for 31.8 percent 

(Eurostat 2012) of the total EU energy consumption. By considering the low energy 

consumption which water transport requires in general (Eurostat 2013), SSS can contribute 

to the reduction of energy consumption within Europe. As another external cost Paixao 

and Marlow (2002) name the average daily congestion of 4,000 km within the road 

network in the heart of Europe. This congestion, associated with social cost, can only be 

removed or reduced by investing in new infrastructure which needs to be made on the 

expenses of other social cost.  

Additionally Islam et al. (2011) mention much lower CO2
 
emission per ton-km as one of 

the big strengths of SSS. Thus the external cost can also be extended to the smallest 

emission of CO2 which SSS have on all transport modes. The following illustration shows 

that the respective percentage of CO2 emission, combined with the rail mode, are the 

lowest (SSS included in Navigation): 

 

Figure 9: EU-28 Greenhouse gas emission from transport in million tons (Eurostat 2013) 

 

This low emission standard helps countries to reach the carbon monoxide (CO) and 

hydrocarbon (HC) targets established by the Kyoto protocol (Paixao and Marlow 2002). 

The CO2 emission (g/ ton-km) is highest for the truck, 0.063, compared to container 

vessels with 0.037 and Ro-Ro vessels 0.053 (Hjelle and Fridell 2010). Based on the fact 
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that the emissions exhausted by the maritime industry are remaining harmful, 

collaborations between shipping lines try to implement innovative environmental standards 

as it will be described later in the thesis. Esty (1994) observes that the willingness and 

ability to be innovative is a decisive factor for economic success rather than the traditional 

factors of competitive advantage (cost and differentiation).  

Paixao and Marlow (2002) continue that there is an increasing environmental regulatory 

pressure on industries such as SSS which is fostering businesses to be innovative. Next to 

incurring cost of these regulations the pressure is helping to improve the total quality of the 

business, which will in the long term compensate the incurred cost. Lastly, by conserving 

the environmental friendliness of SSS the number of fatalities related to SSS is relatively 

low compared to other modes, in particular the road. 

The advantages of SSS can also be seen by the consideration of the economical point-of-

view (Paixao and Marlow 2002). The intra-European ship industry can actively contribute 

with their knowledge and skills to the success of SSS in the form of adaptation of the ship 

design to SSS business. Already 50 % of all ships produced in Europe are designated to 

this particular market. This means that the comprehensive knowledge is not lost, even 

though a pressure to reduce the cost is arising from the Far East. The value of 

ñKnowledge/Information/Skillsò is actually seen as the most valuable asset of companies 

based on the fact that it is not easy to be imitated and can be acquired only over time. 

Additionally advantages of SSS are the higher safety levels of dangerous goods, based on 

the long distance of this cargo to humans, which would not be the case when using road 

transports. Furthermore SSS is capable of carrying large indivisible heavy unit loads which 

would be a problem for other transport modes. Finally SSS is one of two underused 

transport modes which leave space for a higher and intense capacity usage (the other one is 

the rail mode).  

In conclusion the advantages of SSS can be summed up to seven main points (Paixao and 

Marlow 2002): 

 

Figure 10: Major Strength of Short Sea Shipping 
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While all the named reasons are supporting the maritime short sea shipping transport 

mode, there is still room for SSS to improve and further room to exploit its potential as it 

will be outlined later in the thesis.  

5.3.2 Weaknesses   

Although a list of strengths was described before, SSS also has a number of shortcomings 

which stand in contrast to the named points of strengths. The first weakness Paixao and 

Marlow (2002) mention in their essay is the incapability to offer door-to-door transport 

service, with the exception for liquid and dry cargos which can be directly delivered to 

dedicated and private terminals. This problem arises based on the fact that SSS is a part of 

a broken transport chain (Medda and Trujillo 2010). Consequently SSS is depending on 

the collaboration with other land sided modes in order to provide a door-to-door service. 

This kind of collaboration is necessary for the pre and end carriage legs of the transport 

chain and requires therefore an inland infrastructure such as port terminals. Therefore the 

implementation of organisational culture of shipping companies is very important towards 

the development of a common corporate structure which is focusing on improving the SSS 

business and its customer service.  

Port operators are in charge of carefully planning the development of a port layout so that 

the operations can be carried out smoothly and the occurrence of any sort of waste and 

friction which will affect the whole network can be minimized. The time variable becomes 

extremely important in the choice of transport because of the related inventory cost for the 

shipper. Paixao and Marlow (2002) state, studies have shown that road haulage has a cost 

advantage of 35 % against SSS. This means in practice that the transport mode which 

includes an SSS leg needs to be 35 % cheaper in transport in order to remain competitive 

against the uni-modal road transport. The interesting point in this comparison is that the 

service which SSS offers has already internalized all external cost, such as congestion and 

noise, which needs to be added for the road transport. By not considering the external cost 

in this calculation, an artificial demand for road transport is created.  

Also contributing to the opportunity cost is the lack of cooperation between seaborne and 

landside modes with respect to interconnectivity, interoperability, or the availability of 

broad information technology/information system (IT/IS) which support the whole 

transport chain in terms of flexibility (Paixao and Marlow 2002). Road transport is, in 

terms of flexibility, the benchmark for all logistic strategies based on their frequent 
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departures and delivery possibilities, whereas SSS is far behind this benchmark (Medda 

and Trujillo 2010).  

This lack of flexibility is also related to another problem. The benefits for shippers in 

terms of economies of scale and distance offered by this mode only arises when the critical 

mass is reached, which compared to other modes is much higher in SSS. Rail and road use 

small mobile units and therefore can diminish the economy of scale. Paixao and Marlow 

(2002) explain the phenomenon by naming the critical mass for an average truck as 

40 tonnes and the one for the train, depending on the size from 1,000 to 3,000 tonnes. 

Additionally SSS uses, compared to other transport modes, a very expensive cargo 

handling infrastructure such as seaports and dry ports which increase the cargo handling 

costs as a result of cargo transfer operations, whose performance is critical for the success 

or failure of the mode integration.  

There are namely two types of cost which can be seen as having some kind of 

inefficiencies. Firstly there is usually additional storage costs connected to the cargo 

handling based on the inefficiency of the cargo flows, until cargo is despatched to the 

destination. Based on the fact that storage is not adding value to the cargo, this is one kind 

of inefficiencies which is incurring within the ports.  

As a second type of inefficiencies Medda and Trujillo (2010) mention the administrative 

burden SSS cargo handling requires. The paper work, which is connected to the road 

transport, is by far lower than the one for SSS. It can be shown that SSS is the transport 

mode within the EU with the highest rate of bureaucracy in regard to cargo handling 

(Psaraftis 2011). These documentation requirements can be divided into five groups: 

navigation control, cargo operations, reporting in and clearance outwards, checks on ship 

safety and reporting for custom clearance (EU 1998). The most interesting point hereby is 

the necessity for custom clearance documents, even though, in most cases the cargo origin 

is within Europe. Psarafti (2011) for example mentions that in comparison a truck from 

Barcelona to Hamburg is free from customs procedures while a shipper is facing customs 

procedures even though the origin and destiny is the same. The effects are the time 

variable as well as the cost variable, due to the required effort from the shipper for 

fulfilling these procedures.  

Another factor negatively affecting the time variable of the transport is the length of time 

ships stay within the port or related water ways (Paixao and Marlow 2002). Under certain 

circumstances, for example when the port is an inland/river port, additional supplementary 
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safety navigational procedures need to be considered. One example in this context is 

Antwerp, where it takes approximately one day to ply the river because of the low speed 

requirements for safety reasons. This concept of slow speed due to safety reasons is 

important because of the competitive advantage of faster ships, which try to compete with 

faster land modes, is ceased when the shipper decides to call this particular port 

(Levander 1992). This problem is not unusual within the northern port environment for 

example the port of Hamburg also has this requirement, which is affecting the SSS 

business. Additionally, Medda and Trujillo (2010) mention that the reliability of the 

transport mode SSS in terms of departure and arrival times is rather low due to many 

unpredictable factors such as weather and sea conditions. Considering the efficiency of the 

emission values of sulphur oxide (SOx) and nitrogen oxide (NOx) SSS is lacking behind 

their competitors on the land side. Hjelle and Fridell (2010) describe that the emission of 

SOx is standing with 0.32 grams per ton/km for the Ro-Ro vessel in contrast to a Euro4 

truck with 80 µg/ tonne-km. Additional emissions such as NOx are also highest for 

container ships and Ro-Ro vessels compared to other land modes (Hjelle and Fridell, 

2010).  

Another weakness of SSS comes from the infrastructural side: Within the transport 

infrastructure of Europe there is often a lack of a good connection between SSS and other 

land modes, especially the rail mode (Paixao and Marlow 2002). This fact is often 

hindering the development of strategic partnerships with other transport modes which is 

crucial for the success of SSS. Hsu, Huang and Yu (2009) mention the lack of partnerships 

as a big obstacle in implementing a compatible Information System which would speed up 

SSS involved cargo handling. This lack of partnership results in inefficiency. The missing 

compatible infrastructure is mainly based on the complex hierarchical structure within 

ports which is not beneficial for the implementation of cooperative partnerships. The 

decision making process within the port has many different levels and is often lacking a 

joint management, which could support SSS business in regards to transit times, 

punctuality, flexibility, availability and frequency of services, the timing of departures and 

frequency of services (Paixao and Marlow 2002; Medda and Trujillo 2010). These 

performance indicators are crucial for the success of SSS because they are the fundament 

for an intermodal partnership and need to be considered by all players within the port. 

Medda and Trujillo (2010) observe that the port infrastructures itself is often not prepared 

for SSS and is not favouring this type of business. As an example, quay lengths or 
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numbers of berths can be named. These often cause queues of ships, especially from SSS, 

which sometimes are disadvantaged in front of deep sea carrier. Additionally there can be 

a lack of adequate cargo equipment or downtime of this equipment which creates 

inefficiency within the port environment. This results in lower handling rates and 

associated cost increase, which is further emphasizing the lack of transparency of port 

charges.  

Donnelly and Mazieres (2000) state that port charges in short trades including the transfer 

cost can account for 70 to 80 % of the total cost. The lack of transparency of port charges 

also creates an obstacle to identify real port costs as well as the comparison of port cost in 

context to economic performance of the port. This lack of transparency is a big obstacle in 

creating a fruitful cooperation between the shipping industry and the port operator. 

The lack of cooperation and transparency between the port and the shipping industry is 

also causing knowledge gaps on behalf of the ports regarding needs and future trends 

within the shipping industry (Paixao and Marlow 2002). These knowledge gaps are also 

affecting the loss of information about end customer needs which hinders customer 

orientated innovations crucial for the competitiveness of this transport mode.  

By building a comparative bridge to the airline industry it can be stated that the 

development of service performance indicators (SPI), which are common in the airline 

industry, is currently not possible for SSS on an appropriate level (Welsh 2000). Paixao 

and Marlow (2002) describe that the lack of ñservice-focusò is contributing to the bad 

image of SSS and demands a modernization to increase attractiveness. SSS is still using 

traditional performance indicators which highlight their strengths in contribution to the 

gross domestic product (GDP), the number of people involved in the sector, the number of 

ship movements and its evolution, or cargo handled in terms of quantity or value. These 

indicators are however not very suitable to create a modern logistics strategy, whereas 

Paixao and Marlow (2002) suggest indicators such as timeliness, consignment care, 

compliance and corporate efficiency. The image of SSS in front of freight forwarders does 

not have a very good reputation for two reasons. Firstly, the SSS is not very transparent in 

terms of precise and comprehensive market information. This prevents the development of 

intermodal services and long term partnerships with customers, which would offer a 

competitive advantage as it can be seen with other transport modes. Marlow and Glen 

(2009) add to this, stating that the availability of useful SSS statistics is rather low. These 

statistics are crucial in order to make an appropriate market analysis and reveal market 
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potential and market niches for strategic partnerships. The second reason is that SSS 

operators have a very entrepreneurial attitude lacking corporate structure and culture. The 

SSS business operators have a rather passive movement towards new marketing strategies 

embracing customer focus, growth and building up of new (innovative) transport concepts, 

as well as partnerships or alliances with other mode operators (Medda and Trujillo 2010). 

Van Gunsteren et al. (1993) summarize this lack of innovations when they state that SSS is 

actually a business of single operators rather than of professional and goal-seeking 

network of operators who are trying to meet the more and more customized logistical 

needs of their customer. Even though this statement was done in 1993, Medda and Trujillo 

(2010) confirm this attitude or at least the idea that SSS has an old-fashioned image.  

In the end Paixao and Marlow (2002) name a list of other barriers SSS is facing as an 

obstacle for success. The first point is the time restrictions for labour within the terminals. 

These are sometimes affecting the stay of the ships in the port and therefore resulting in 

extra costs and delays. Finally, a list of shortcoming can be named such as insufficient 

traffic coordination, managerial problems, delays caused by locks and bridges, and lack of 

adequate storage facilities. Additional, from the managerial point-of-view, SSS is suffering 

from weak coordination links between the shippers and the customers and a limited 

internal willingness for innovations connected to the lack of an externally-orientated 

information system which would improve the relationship to the customer and to other 

transport modes (Wijckmans et al. 1996; Medda and Trujillo 2010).  

In summary the weaknesses of Short SSS can be divided into following main groups as it 

is illustrated below:  

 

Figure 11: Major weaknesses of Short Sea Shipping 
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5.4 Short Sea Shipping in Supply Chains 

While the previous section described the strengths and weaknesses of SSS, the following 

will describe potentials of SSS within a complex supply chain.  

This approach is provided by Fusco, Sauri and De Melo (2013) who evaluated the role of 

Short Sea Shipping within the supply chain. The authors leave the operative level 

considering only the pure port-to-port transport and upgrade it to a more strategic level. 

Fusco, Sauri and De Melo (2013) stated that there is a high potential of SSS to be 

implemented in supply chains of particular industries.  

According to Baird (2007), in the intracontinental scope maritime transport loses 

importance as it is less favoured compared to others in the road transport mode. This 

mainly results from the fact that the road has externalized the infrastructure costs, giving it 

a competitive edge. Nevertheless the competitive situation between SSS and road has been 

widely studied, with a main focus on point-to-point routes. The implementation of SSS 

into the supply chain of a company falls short in this consideration. Fusco, Sauri and De 

Melo (2013) are considering the type of Ro-Ro and container transport (Lo-Lo) as possible 

SSS forms to be implemented in the supply chain. According to Peeters et al. (1995) and 

Medda and Trujillo (2010), SSS is in general competing with the road haulage in 

dimensions of time and costs. This is extended to dimensions such as flexibility, reliability 

and resilience when the involved ports are Motorways of the Sea (Periakis and 

Denisis 2008). In this context a particular role is played by the Ro-Ro operator. According 

to Hjelle and Fridell (2010) the environmental advantage SSS has in general, is much 

smaller for Ro-Ro ships reaching similar numbers to the road transport, considering the 

environmental footprint. According to Sauri and Spuch (2010) the environmental 

competitiveness is expected to increase by considering the environmental legislations of 

the future, particularly the forthcoming SOx emission limitations in 2015. Next to the 

advantages, the usage of SSS will bring more complexity within the transport chain and 

makes it less reliable. Therefore the decrease in time and/or costs by choosing SSS has to 

be significant to be competitive against unimodal modes (Feo, Espino and Garcia 2010). 

Based on the fact that the maritime leg of the intermodal transport chain accounts for most 

of the cost, the shipper is vulnerable to the behaviour of the shipping line (Morales-Fusco, 

Sauri and Lago 2012). The criteria why shippers are choosing sea transport vary within the 

literature. Fusco, Sauri and De Melo (2013) describe the choice of the mode as depending 

on quantitative and subjective, qualitative parameters. Some studies also state that the 
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subjective parameters, like served quality, are leading to the choice of mode (Lu 2003). 

However, it is usually considered that the most determinant criteria are the types of cargo 

and the business structure of the transporter combined with the force of habit and 

reluctance to change (Danielis et al. 2005). The qualitative aspects considered can also 

include the safety of cargo, together with reliability or even resilience and adaptability 

(McKinnon 2007). These findings are congruent to the findings of Swahn (2006) who 

conducted a survey in which transport buyers where asked which criterion is most decisive 

for their choice of transporter or transport mode. Figure 12 shows the results of the study: 

  

Figure 12: Shippers choice of transport mode (Swahn 2006) 

 

The same author also had conducted a survey with forwarding companies and asked them 

which criteria they expect to be weighted most. Here price criteria were named most 

frequently (Swahn 2006). The foregoing selection criteria are focusing mostly on the 

operative level which means the selection of a transport mode for a particular shipment. 

The approach used by Fusco, Sauri and De Melo (2013) addresses the strategic level of 

companiesô supply chains. On this level selection criteria become more complex, due to 

the connection of supply chains to production characteristics. These production systems 

have particular characteristics which can be divided into five fields: 1) Location: 

Production vs. Supplier vs. Customer, 2) Production-Process, 3) Demand, 4) Goods 

(cargo) and 5) Stock Policy.  

These production characteristics can be translated into requirements or challenges for SSS 

as a transport mode (Fusco, Sauri and De Melo 2013). The first two characteristics 

(Location and Production-Process) are defining the geographical concentration of volume. 

The availability of enough cargo to achieve an adequate capacity level is essential for a 

short sea shipping operator. Based on the larger capacity, higher cargo volumes are needed 
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to achieve a competitive edge against the road transport mode. Based on its flexibility, 

Fusco, Sauri and De Melo (2013) describe the truck ñwinningò the competition when the 

frequency and volume of cargo is low.  

The characteristic number three (Demand) is challenging short-sea operators in a way that 

supply chains are characterized by demand fluctuations based on uncertainty and 

seasonality (Fusco, Sauri and De Melo 2013). These variations in demand are threatening 

short sea shipping operators due to a possible lack of capacity utilisation 

(Haralambides 2004). However, SSS is also able to absorb fluctuations within the demand 

better than other transport modes, based on the bigger capacity. This for example happens 

at the automobile manufacturer SEAT which agreed to an annual average load of the 

shipping lines from Barcelona but is able to decide the exact quantity of vehicles six hours 

in advance (Fusco, Sauri and De Melo 2013).  

The last challenge occurring is related to the characteristics number four and five (Goods 

(cargo) and Stock policy) which address the stock characteristics of the production. The 

cargo value is a decisive factor which is limiting the time which can be spent for 

consolidating cargo to gain a perfect usage of capacity (Fusco, Sauri and De Melo 2013). 

A high cargo value will result in higher opportunity costs and makes the time variable 

decisive. Perishable goods are also in a similar situation where time is relevant for the 

selection of the transport mode. The value of goods is related to the stock policy of the 

supply chain which is in reverse related to the frequency of transport. This frequency 

becomes important based on the connected reliability which is important for the stock 

policy. In summary it can be stated that higher cargo value diminishes the relative weight 

of transportation cost in favour of time and reliability.  

In conclusion the biggest competitive edge of SSS in a supply chain is the ability to absorb 

variability in the demand and the economies of scale. According to Fusco, Sauri and De 

Melo (2013) the distinction between SSS-Lo-Lo (ordinary container traffic) and SSS-Ro-

Ro allows a better tailoring of the provided service to the supply chain. While SSS-Lo-Lo 

is suitable for low value cargo allowing longer transit times, SSS-Ro-Ro is potentially 

competitive when the concentration and the value of cargo is high and thus time becomes 

crucial. The evaluation has shown that SSS is capable of being implemented into complex 

supply chains and remains currently under-used in this regard.  
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5.4.1 Capacity Utilisation  

The involvement of SSS in a supply chain requires commitment to a business partner. As a 

result, the shipper must be aware of its capacity utilisation. According to Styhre (2009) 

short sea operators have two options when managing their capacity: 1) the ñCut Peakò 

Strategy and 2) the ñNever Say Noò Strategy. With the ñCut Peakò Strategy the shipper 

has the advantage that the capacity utilisation is higher and the costs (fixed and variable) 

are therefore covered. This strategy is suitable for fields with high competition and 

variation in demands. However, this approach may result in the loss of goodwill and future 

orders from the customer (Styhre 2009). The ñNever Say Noò strategy allows the service 

level for the customer to increase based on the capacity buffer. A capacity increase can be 

achieved by the implementation of a second ship operating on a particular line. Another 

approach is to join alliances with other shipping lines. The capacity level to be reached is 

not necessarily covering the cost of the shipping line, rather increasing customer 

satisfaction. This strategy is suitable for time intensive cargo as well as long term 

relationships with customers (Styhre 2009). By considering the role of SSS within a supply 

chain, it is obvious that the ñNever Say Noò strategy is essential for the implementation of 

long-term agreements with customers. Due to the scope of the thesis this topic is not 

evaluated in depth as it would exceed the framework of the thesis.   

5.4.2 Loading Units in SSS  

The used loading unit within a supply chain is essential for the efficiency of the entire 

transport chain. Baindur and Viegas (2012) explain that one major challenge for the 

application of an intermodal transport chain is the implementation of standards of loading 

units. The challenge is to determine one loading unit which is preferred by all transport 

modes and involved customers. A relatively new type of loading unit is the 45-foot palette 

wide container. This container is five foot longer than the 40-foot container and therefore 

capable of carrying eight more pallets (Unifeeder 2013). The advantage of this transport 

unit is the perfect fit for trucks, although it should be noted that this transport unit is facing 

obstacles from EU legislations (EU 2006). In particular in the cross-border land sided 

transport modes, this type of container is facing bureaucracy burdens based on the fact that 

this container is 15 cm longer than allowed by legislations. The European Community of 

Shipownersô Association (2014) is therefore trying to foster the allowance of this loading 

unit and to abolish restrictions made by the legislations.  
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At the present time, the Institute of Shipping Economics and Logistics (ISL) is conducting 

a market research regarding the usage of 45-foot container (ISL 2014). Based on 

interviews as well as detailed analysis of secondary sources, the ISL found that the North 

Range is accounting for 86 % of the total container short sea shipping of the BSR. Table 4 

shows the results of the research and the 45-foot container usage of 2012 within the BSR.   

Table 4: Estimate of shortsea-land container traffic and use of 45' containers (ISL 2014) 

 

The main transports are flowing between the North Range ports and Russia whereas the 

trade relationship with the South Baltic is promising. The total numbers of 45-foot 

container which are being involved in the BSR is devoted to roughly 300,000 units. The 

45-foot container additionally takes 43 % of all short sea shipping container transports 

when measuring in TEU.  

Additionally ISL (2014) is making predictions regarding the future of the 45-foot container 

which are based on prognosis of country trade relationships with respect to container 

related trading goods. The trade forecasts are based on the IHS World Trade Service. Their 

prognosis can be seen in the following Table 5 and Table 6 for the years 2020 and 2030 

respectively.  

Table 5: Forecast (2020) of shortsea-land container traffic and use of 45' containers (ISL 2014) 

 

Correlated Region North Range South Baltic North Range South Baltic North Range South Baltic

Russia 555 17 220 7 98 3

Finland 150 113 90 66 40 29

Sweden 383 56 115 17 51 7

Norway 95 0 57 0 25 0

Baltic States 115 15 60 4 27 2

Poland 45 - 30 - 13 -

Total 1,344 200 572 93 254 42

Total shortsea-land 

container traffic      

(thousand TEU)

45 foot container     

(thousand TEU)

45 foot container 

(thousand Units)

Correlated Region North Range South Baltic North Range South Baltic North Range South Baltic

Russia 457 19 181 6 80 3

Finland 142 119 85 69 38 31

Sweden 346 52 104 16 46 7

Norway 82 0 49 0 22 0

Baltic States 109 17 57 5 25 2

Poland 50 - 34 - 15 -

Total 1,186 206 509 95 226 42

Change over 2012 88% 103% 89% 102% 89% 102%

Total shortsea-land 

container traffic      

(thousand TEU)

45 foot container     

(thousand TEU)

45 foot container 

(thousand Units)
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Table 6: Forecast (2030) of shortsea-land container traffic and use of 45' containers (ISL 2014) 

 

The anticipated growth also considers the new sulphur emission levels in 2015. Under 

normal considerations (not affected by the new sulphur restrictions), the ISL forecasts an 

annual average increase of 1.2 %, while the new sulphur emission limits are decreasing 

this forecast by about 10 %. It can be seen that the new regulations are affecting the 

container traffic within the BSR, and thus the usage of the 45-foot container, while in the 

South Baltic container trade, will slightly increase.  

5.5 How to comply with the SECA-Directive  

5.5.1 The Amount of SECA-Directive affected Ships  

Malmqvist and Aldèn (2013) give in their report a small overview regarding the size of the 

problem. In 2010 there were 14.000 ships entering an SECA. Of this number of ships 

approximately 2.200 ships were only operating in an SECA and 2.600 ships were at least 

50% of the time presents in this area. The Danish Sea Authority (2012) evaluated that within 

the BSR 500 million tons of cargo is transported, whereas the consumed fuel sums up to 3.3 

million tons. This shows the dimension of the concerned part of the shipping industry which 

now has to adjust their ships with scrubbers, retrofit their ships for LNG or engine adjustments 

for the low sulphur or dual fuel options.  

5.5.2 Possibilities of Mitigating Vessel Emission s  

In this section the emissions of ships will be described and analysed. In the literature it is 

stated that the maritime transport is the most environmental friendly mode in terms of CO2 

emissions. The following section will further evaluate this as well as analyse other types of 

emissions and their impacts on the environment. Additionally, possible options to mitigate 

Correlated Region North Range South Baltic North Range South Baltic North Range South Baltic

Russia 454 21 180 8 80 4

Finland 162 153 97 89 43 40

Sweden 418 62 126 18 56 8

Norway 86 0 52 0 23 0

Baltic States 128 22 67 7 30 3

Poland 68 - 46 - 20 -

Total 1,136 258 566 123 252 54

Change over 2012 98% 129% 99% 131% 99% 102%

Total shortsea-land 

container traffic      

(thousand TEU)

45 foot container     

(thousand TEU)

45 foot container 

(thousand Units)
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emissions will be described. A more detailed analysis towards reduction of sulphur 

emissions will follow in the sections 5.5.3 to 5.5.7.  

According to Eyring et al. (2005) there is huge potential for emission reduction based on 

technological improvements, alternative fuels and ship modifications. SOx emissions from 

ships are contributing particularly to aerosol and are connected to the level of sulphur 

content of the fuel. Therefore the most effective measure to reduce this SOx emission is the 

reduction of sulphur content in marine fuels. It is expected that this will result in a scarcity 

of low sulphur marine fuel connected with a premium price for this fuel. As it was already 

mentioned in the SECA-Directive itself, other solutions are also considered as possibilities 

(EU 2012). A special attention is also directed towards the scrubber technology which is 

considered as a cost-effective alternative (European Commission and Entec UK Limited 

2005). The requirements of these scrubber systems are defined in the Annex 9 which was 

launched as a recommendation of the ñMarine Environment Protection Committeeò 

(2009). In these guidelines the emission level of different sulphur percentages within the 

fuel are measured, which are used as a performance level for the scrubber system. This 

technology is cleaning the emissions of the engines with the help of alkaline substances 

and a SO2 reduction can be measured of 75-80%. Eyring et al. (2005) state for this process, 

seawater can be used as a cost-effective alternative due to its alkalinity characteristic. Tests 

have shown that an SO2 reduction of 65% to 94% can be achieved. This system allows  the 

usage of fuels having higher sulphur content, based on the same final emission of SO2 in 

the exhaust. Diesel particulate filter systems in the exhaust stream would also allow a 

control of the particles. This option coupled with the installation of diesel oxidation 

catalyst system would support the reduction with an expected value 10-30% less 

particulate matter within the emission (Eyring et al. 2005).  

Another possibility would be the usage of alternative types of fuels which can be used in 

marine services and have already been considered in an early era (National Research 

Council 1980). Fuels which are commonly used in the maritime transport industry are 

heavy residual oil (marine bunkers) which is a residual product of the refinement process 

of petroleum. However fuels which are derived from petroleum are considered as an 

equivalent alternative. One common type of fuel which is meeting the sulphur 

requirements of the SECA-Directive is the Marine Gasoline Oil (MGO). This type of fuel 

is round about 58% more expensive than the heavy residual oil (Bunkerworld 2014). This 

premium fuel is limiting the emission of SO2 down to the required limit and is therefore 
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the suggested alternative for heavy bunker oils. Another option is the usage of bio-oils, 

such as palm oil, coconut oil, rapeseed oil, soya oil for small low power combustion 

engines for many years. There have been successful tests on land-based medium speed 

diesel engines. These bio diesels are derived from renewable lipid sources, offer potential 

to reduce the CO2 emissions on a life cycle basis (including the CO2 uptake during the 

growing process). This type of fuel is however only tested within land based modes and 

did not gain any commercial attention in the maritime transport modes. 

In general, the effort towards new alternative types of fuels needs to consider the total fuel 

cycle analysis (TFCA). This involves the consideration of energy usage and emission from 

the extraction of the raw oil to the final use in the engine (Eyring et al. 2005). Each 

production stage in the fuel cycle includes activities which are producing greenhouse gas 

and other types of pollution. Following this approach Corbett and Winebrake (2008) 

created a model called ñTotal Energy & Emissions Analysis for Maritime Systemsò 

(TEAMS) which is measuring the emission of the fuel from its extraction from the ground 

until the use in the vessel. This model also allows determining geographical core areas of 

the emission and therefore the evaluation of local environmental impacts or social 

conditions.  

Emission reduction by ship system optimization which is not connected to the engines is 

another option. Hereby new technologies are addressing the propeller, the rudder or the 

hull in order to reduce the fuel consumption (Maeda et al. 1998). According to 

MARINTEK (2000) the energy-reduction potential and therefore the emission reduction 

potential of an optimized hull shape and a better propeller for a new ship are estimated to 

be up to 30%. As an example the innovative model design of propeller producers, such as 

Brunvoll, can be named which are successfully focusing on the environmental friendliness 

of their thrusters systems (Brunvoll 2014). As one of the most successful way to reduce the 

energy consumption and greenhouse gas emission of ships the optimization of the vessel 

speed and to adjust the ship routes to avoid heavy wind is named by Skjølsvik et al. 

(2000). In addition alternative power systems or the combination of those with the 

traditional ship energy sources can be named. The usage of fuel cells or renewable 

energies such as wind- or solar-energy is named as possibilities to reduce the emission of 

the ships even though the practical usage will be in the future.  

According to Eyring et al. (2005) the emission control strategies for fleets have not been 

widely adopted based on the policy measures. These policies can be categorized into two 
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types of policies: 1) command-and-control approaches and 2) market-based or incentive 

based approaches. Command-and-control regulations achieve environmental management 

goals by setting particular standards for sources of pollutants. This type of measure is by 

setting up these limits/regulations cost-reductive measures (in form of fines) which give 

the maritime industry an incentive to comply with them. This command-and-control 

incentive can be divided into two categories. The technology-based standards specify 

exactly the method and sometimes also the equipment which has to be used to comply with 

the regulation. The other category, the performance-based standard, is setting control 

targets, while allowing some flexibility on how the target is achieved. The SECA-

Directive for example leaves it open for the vessel operator to use low sulphur fuel or to 

use other approved technologies to reduce the SO2 emission (Eyring et al. 2005).  

The other category is the market based incentive policy, which are fostering both cost 

reduction and emission reducing innovations (Harrington and Morgenstern 2004). These 

policies are used for example by the EPA as a tool to provide financial means to motivate 

polluters to reduce the health and environmental risks stemming from their facilities, 

process or products. These incentives can range from pollution taxes and charges, to 

marketable permits and government subsidies ï which foster the change of poor 

environmental behaviour. These economic incentives can also encourage polluters to 

control the pollution above and beyond the level of the requirements of the regulations and 

are fostering innovations. Market-based incentives can also provide environmental 

differentiations of fairway and port fees for ships that have a certain green status.  

In summary the section has described that the emissions of maritime transports are a threat 

to the human health and needs to be limited. A number of technical possibilities were 

briefly described whereas the most advanced will be described in further sections.  

5.5.3 Technological approach: Scrubber  

The Scrubber technology has the advantage of not being a completely new technology but 

a conventional on land (Malmqvist and Aldèn 2013). MAN (2012) explains that in a 

scrubbing system the exhaust gas is led through an array of droplets (sweater/chemicals) 

which wash the sulphur out of the exhaust. Scrubbers can be installed on ships as retrofit 

on existing ships but also on new build ships. The first installation was completed already 

in 2008 and although the technology was very young and unexplored up to this point, test 

results have shown that the sulphur emission were reduced significantly, in alignment with 

the IMO regulations (Wärtsilä 2010). The conclusion of this project was that the marine 
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fresh water scrubbers were ready for a market introduction. Since then the scrubber 

producing industry organized themselves to an association called ñExhaust Gas Cleaning 

Systems Associationò to promote and innovate jointly the scrubber technology 

(EGSCA 2009). The number of orders and installations on ships is increasing whereas a 

breakthrough of this technology did not happen yet (Malmqvist and Aldèn 2013).  

According to the company ñDet Norske Veritasò (DNV) the scrubber industry is maturing 

and offering reliable products on the market (DNV, 2011). However, among the ship 

owner is still the common opinion that scrubber systems need to be further developed to 

operate satisfactory. This is based on the lack of reference installations made yet. Scrubber 

manufacturers guarantee the functionality of their systems and compliance with the SECA 

regulation. This actually means in practice the sulphur emission after the cleaning the 

exhaust gas of the combustion process with heavy oil is complying with the new sulphur 

emission limits. There are two types of scrubber systems: Seawater- and Freshwater-

Scrubbers. Both systems have the disadvantage of cargo capacity reduction based on the 

required amount of water pumps and water cleaning systems (Malmqvist and Aldèn 2013). 

The seawater scrubber systems also increases the fuel consumption of the ship about two 

to three percent, due to the usage of seawater systems which pump water from the sea into 

(and out of) the scrubber system where it is used to wash out the SO2 sulphur oxides. The 

other type of scrubber uses a combination of freshwater and chemicals to clean the exhaust 

gases (Malmqvist and Aldèn 2013). In this system the freshwater which cleaned the 

exhaust from sulphur is cleaned by chemicals such as caustic soda, before entering the 

scrubber again. The resulting chemical sludge will be collected in disposed port facilities. 

Therefore extra tanks for the chemicals and the sludge will be needed for this system. The 

system is causing an extra fuel consumption by 0.5 ï 1 % and extra cost for the chemicals 

by two percent of the fuel cost. The cost for the installation of a scrubber differs due to the 

factors of technology and complexity of the installation. An average freshwater scrubber 

system of the Wªrtsila Company costs 300,000 ú/Mega Watt (Wärtilsa 2013).  

5.5.4 Alternative energy: LNG  

According to Malmqvist and Aldèn (2013) the usage of natural gas in liquid form, called 

LNG (Liquefied Natural Gas) is one of the most attractive alternative to meet the 

requirements of the low sulphur directive. Natural gas is globally used as an energy source 

by industries, power plants for heating purposes. The natural gas is cooled down to -

163 °C and is easier to transport and to deliver whereas also the energy content is 
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increasing (Malmqvist and Aldèn 2013). By using LNG as a marine fuel the sulphur 

emission is reduced down to zero. Additionally other emissions such as NOx or CO2 are 

reduced. The following figure shows the emission of common used fuel 

sources/alternatives (Baltic Transport Journal 2011):  

 

Figure 13: Emission for alternative marine fuel concepts (Baltic Transport Journal 2011) 

 

According to the finding of the Baltic Transport Journal (2011) it can be seen that from all 

alternatives, LNG is the most environmentally friendly type of fuel with respect to all four 

types of emissions. The number of ships which were using LNG as a type of fuel in 2011 

can be denoted to 350 ships globally according to the Baltic Transport Journal (2011). 

Based on resource richness, Norway is presently the only LNG producer in Europe and is a 

frontrunner in the usage of LNG in ships with an increasing fleet of 45 in 2012 (Marintek 

2007). These ships are mainly newly built but it is also possible to convert a conventional 

engine to a dual-fuel engine running on both LNG and conventional fuel. The ship 

ñBit Vikingò for example was the first ship which was converted from a conventional 

engine to a dual-fuel engine for HFO and LNG (Wärtsila 2014). This flexible solution 

allows ships to operate in areas where the availability of LNG is uncertain based on a lack 

of LNG infrastructure. The other alternative is the lean burn gas engine, which is an engine 

system only running on LNG and most suitable for ships which are operating in areas 

where the LNG bunkering stations are available, e.g. in Norway. This type of engine is less 
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complex to be installed on board and is suitable for regions where the LNG bunker 

infrastructure is advanced. Malmqvist and Aldèn (2013) point out that the reduction of 

space which could be used for cargo however is bigger than the one in case of the scrubber 

system. If the ship shall carry the same energy content as conventional heavy fuel the tank 

size needs to be doubled to the expense of cargo storage room. Therefore smaller tank 

sizes are considered a better solution, causing LNG engine systems to be expectedly used 

in new build ships instead of retrofitting. New built ships with LNG technology will cost 

about 10 ï 15% more than conventional ships but have 35% lower operating cost during 

the first 10 years compared to the use of low sulphur fuel. Nottenbom and Wang (2013) 

assess the extra cost for the ship up to 20 ï 25%. 

The critical safety factor is also considered by Malmqvist and Aldèn (2013) who state that 

Norway has a long experience in LNG bunkering with over 50,000 bunkering operations 

during 2003 and 2010 without serious leakage. This diminishes the argument of leaking 

methane harming the environment. The description has shown that LNG appears to be a 

very good alternative for conventional fuel under economic and environmental aspects. 

Malmqvist and Aldèn (2013) are however stating that the shipping industry is still 

hesitating switching the energy supply. As one reason, the undeveloped LNG 

infrastructure within Europe is outlined. The following map shows the LNG infrastructure 

within the BSR: 

 

Figure 14: LNG infrastructur e Baltic Sea (orientated on GIE 2014) 
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It can be seen that by far that not every main port within the BSR has an operating LNG 

terminal, yet while many ports are in the process of planning on building a terminal. The time 

horizon when the proposed terminals will be built varies from mid-2014 until 2019. Detailed 

information including operator and start-up date can be found on Gas LNG Europe (GIE 

2014). It can be seen that Norway has the most advanced LNG infrastructure and is also the 

main distributor of LNG in the western part of the BSR. LNG is also becoming part of 

strategic alliances between ports. The port of Gothenburg started cooperation with the port 

of Rotterdam with the goal to offer bunkering LNG in both ports and thus be more 

attractive for shipping companies (EC 2013). Another example is the conglomerate of 

seven ports within the BSR who are working together in the EU Co-financed project 

ñLNG in Baltic Sea Portsò with the goal of LNG terminal implementation in the port 

environment (LNG 2014). In this project the seven participating ports are sharing 

information and best practices and are trying to establish a tool box for ports which plan to 

implement LNG in their portfolio.  

In summary, it can be stated that LNG is a very good alternative to the technical solution 

such as the scrubber or the usage of low sulphur fuel. However LNG only recently has 

gained the broad attention of the maritime business environment and it is unlikely that it 

will become the main solution to answer the SECA-Directive in the short run. But once the 

LNG infrastructure will be well developed and new ships will be built it, a substantial 

share of the fleet which is operating within the BSR will  be running on LNG from 2020 

onwards.  

Nevertheless it has to be taken into account that LNG is a fossil fuel which is emitting a 

relatively high number of greenhouse gases. Therefore it is questionable if the usage of 

LNG is sustainable and will not be in the focus of future regulations. As a possible solution 

Malmqvist and Aldèn (2013) state that mixing LNG with liquefied bio gas (LBG) might be 

a possible solution. Considering the actual situation of limited volumes and therefore high 

prices of LBG this solution seems to be uneconomic. The safety factor of LNG also needs 

to special attention. LNG is harming the environment 20 times worse than ordinary CO2 

emissions. Therefore the number of LNG leaking from pipelines and fuelling terminals 

needs to be reduced to zero otherwise this solution is harming the environment worse than 

the emission of bunker oil in terms of CO2.  
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5.5.5 Marine Gasoil (MGO) 

The easiest way to comply with the regulation is the change from using HFO to Marine 

Gasoil (MGO) which has a sulphur content of 0.1 %. There are no certain investments 

required, which makes it very attractive at first sight (Malmqvist and Aldèn 2013). 

However the price difference between HFO and MGO is very substantial which will result 

in much higher fuel cost. MGO currently costs 325 $US more according to Bunkerworld 

(2014). Several studies try to predict the price difference of the fuels in 2015 (ISL 2010), 

whereas no prediction can be taken as reliable. Malmqvist and Aldèn (2013) also describe 

that it is an option to use a dual-fuel system of HFO and MGO, depending on operating in 

a SECA or not. This option seems to drop out in 2020 when the emission standards will be 

lowered on the global level.  

5.5.6 Bio oil  

Another alternative solution to answer the new directive is the usage of bio fuels 

(Malmqvist and Aldèn 2013). Based on an increasing awareness of greenhouse gas 

emissions this type of fuel gets more and more attention from transport modes on land and 

also water. Research of this fuel had started 20 years ago and is becoming commercialized 

with production plants in Europe. This type of fuel is already in use for heating 

installations, but requires an upgrade of the engine system when used as a fuel. The 

upgrading process for the ships is in this regard will be easier than for land transport 

vehicles based on the lower complexity of the system. Malmqvist and Aldèn (2013) state 

that the upgrading process is likely to be viable within a time frame of two to three years.  

5.5.7 Alternative fuels  

The usage of alternatives fuels which presently have not yet reached the commercial 

attention of the maritime shipping industry might be also an alternative. The usage of 

methanol as a marine fuel was tested in Gothenburg (Malmqvist and Aldèn 2013). The test 

included the usage of methanol as a fuel in a ship operating between Sweden and Finland. 

Therefore the diesel engine needed to be modified whereas the modification is much 

simpler than the modification to an LNG engine. As a result methanol is considered as an 

attractive alternative to LNG with lower cost for the infrastructure and engine conversion. 

The used methanol can be produced from fossil as well as renewable feedstock and is 

therefore very sustainable.  
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Another possibility is the usage of Hydrogen as a source of energy for ships. This 

technology which is based on fuel cells is still in the test status but prototypes are capable 

to supply the ship with energy, but not the propulsion. The needed hydrogen can be 

supplied by renewable feedstock such as wind parks, which actually waste produced 

energy, due to lack of ability to feed it in the grid. This energy can be used to produce 

Hydrogen as a sustainable type of fuel for ships. It is however questionable if the practical 

connection between wind parks and the production of Hydrogen can be done. Additionally 

the project of the commercial usage of fuel cells for ships is still in a very early stage and 

an implementation is not expected before 2020 (eships 2014).    

5.6 The Shippers choice 
The evaluation of alternatives has shown that shippers actually have only three realistic 

opportunities to meet the emission restrictions of the SECA-Directive: 1) Usage of Low 

Sulphur Fuel (MGO), 2) Scrubber in combination of HFO or 3) Conversion to LNG. All 

other possibilities are considered as not suitable due to the degree of immatureness. 

Table 7 gives an overview of the pros and cons of each solution. 

Table 7: Comparison MGO, HFO + Scrubber and LNG 

 Pro Contra 

MGO  ¶ No change in business processes ¶ Higher Price 

¶ Availability of fuel questionable 

Scrubber 

+ HFO 

¶ Product availability 

¶ No change in business processes 

¶ Ship design (loss of cargo volume) 

¶ Investment costs 

¶ Sludge management 

¶ Higher fuel consumption cost 

¶ Not feasible for every vessel  

LNG  ¶ Complying with IMO requirements of 

NOx emission 

¶ Low emission of CO2 (when safe 

handling) 

¶ Low maintenance 

¶ Ship design (loss of cargo volume) 

¶ Insufficient LNG bunkering 

infrastructure (status quo) 

¶ Investment cost 

¶ Safety aspect increase 

 

Table 7 illustrates that each alternative has positive and negative aspects. This table, 

however, is only an enlistment of the facts while much information for decision making is 

lost. On the next page a more detailed overview is provided. 
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A more detailed overview is provided by the following illustration which includes a certain 

rating for criterions: 

 

Figure 15: Comparison of LNG, MGO and HFO + Scrubber including rating (orientated on Nottenbom and 

Wang 2013) 

The template shows that the usage of MGO is the most uncomplicated way to comply with 

the new regulations due to its low investment cost. However, in the long run, the fuel price 

is not favouring this solution, in particular due to the lack of reliable predictions. 

The Scrubber seems to be one solution which is requiring medium investment, but allows 

the usage of cheap fuel. According to Noottenboom and Wang (2013), however, many 

shipping companies are hesitating to implement this technology because of the lack of 

practical experience of this technology and resulting insecurity.  

LNG seems to be a very good answer to the sulphur restrictions. Next to the high 

investment cost this technology is however lacking of reliable supply network. Hereby the 

business is facing the so called ñchicken-and-eggò problem. This actually means that the 

shipping industry is demanding a reliable supply network, while the bunkering industries 

are demanding clear signs for demand (Nottenboom and Wang 2013). This dilemma 

however is getting into the focus of the European Commission which is fostering the 

implementation of LNG terminals. Additionally is LNG as a bunker fuel is technically 

relatively young which results in a number of supply insecurities and therefore price 

volatilities.  




















































































