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INTRODUCTION 
Background and Context 
Transportation of passengers and goods within and between European Union (EU) and 
other parts of the world is increasing, and shipping is often seen as a solution for 
transportation increasing challenges (Daduna, Hunke & Prause, 2012). Unfortunately, 
shipping is also a source of massive scales of global air pollution and global climate 
change (Corbett & Farrell, 2002; Notteboom, 2010). The assumption that maritime 
transport is one of the most environmentally friendly modes of transportation is based 
on the premise that since ships move large volumes of goods, the emissions are low when 
distributed per unit weight. Howbeit, emissions from shipping in the form of sulphur 
oxides (SOx), nitrogen oxides (NOx), carbon dioxide (CO2) and particulate matter (PM) 
are significantly detrimental to the environment (Corbett & Farrell, 2002; Eyring, Köhler, 
Van Aardenne & Lauer 2005; Bergqvist, Turesson, & Weddmark, 2015). Sulphur oxides 
emissions especially cause acid rain and generate fine dust (PM) (Corbett, 2007) 1,200 
times more than through aviation (Eyring et al., 2005). The PM is dangerous to human 
health and is one of the causes of respiratory and cardiovascular diseases, which may 
reduce life expectancy for about two years (Eyring et al., 2005; Corbett, 2007 & 
Notteboom, 2010).  

Clean shipping operation was set to create a green maritime transport and targets 
changed and new attitudes of all maritime stakeholders towards shipping activities. It 
focuses on shipping induced noise control, emissions reduction, air quality monitoring, 
waste reception and handling (NSF, 2008; IMO 2008 & Stipa, 2013). As a part of this 
objective and targeting emissions reduction and air quality improvement, the 
International Maritime Organisation (IMO) concluded that the use of low quality of heavy 
fuel has a connection with the high sulphur content of the marine fuel and consequently 
the harmful emissions that ensue (Nugraha, 2009). Thus, in efforts to reduce airborne 
emissions from ships and to enhance clean shipping, the Marine Environment Protection 
Committee (MEPC) in its 53rd session held in July 2005, adopted a “special area” called 
Sulphur Emission Control Area (SECA) where sulphur emissions from shipping are 
regulated. The first directive banned the use of residual fuel oil with sulphur volume 
concentration (% w/w) higher than 1.50% from 19th May 2006.  

The Baltic Sea was named the first SECA in Directive 1999/32/EC of the International 
Convention for the Prevention of Pollution from Ships (MARPOL) Protocol 1997, Annex I. 
Further amendments to the legislation included the North Sea and the English Channel 
in MARPOL Annex V and VI in 2007. In 2010, the SECA limit was dropped to 1.0%, and the 
global sulphur cap was made 3.5%. The North America and the United States Caribbean 
Sea area joined SECA in 2012 in appendix VII to MARPOL Annex VI. From 1st January 
2015, SECA sulphur emission was further reduced to 0.1%. China finally joined in 2016 
(North, 2016) and in 2020 the global sulphur cap will be lowered to 0.5% (IMO, 2016).  

Problem Statement and Research Gap 
While intense shipping activities are responsible for significant environmental pollution, 
the seas and oceans are drivers for the European economy because of their high 
potential for innovation and growth (EU, 2010). The maritime transport was marked as a 
strategic sector for the EU and in this view; “blue growth” became a long-term strategy 
to support sustainable growth and management in the marine and maritime sector 
(EU, 2012).  
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The implications of the compliance with any regulations are diverse; however, one 
prominent implication is that it connotes significant investment decisions for related 
stakeholders (EfficienSea2, 2016). There are discussions that the current 0.1% sulphur 
limit somewhat generates some economic drawbacks to the maritime stakeholders who 
must comply with stringent law stakeholders in other parts of the world are not exposed 
to thereby weakening the competitiveness of the European maritime transport (Wiśnicki, 
Czermański, Droździecki, Matczak, & Spangenberg, 2014). Panagakos, Stamatopoulou 
and Psaraftis (2014) warned about the magnitude of the costs and implication for the 
maritime industry. This conclusion is related to the comparative financial disadvantage 
of the industry regarding transportation costs especially if shipowners are made to 
change from cheaper fuel to the much expensive fuel since the costs of their operation 
directly influence the voyage costs, especially in goods freight by short sea shipping 
(Nugraha, 2009). Other studies expected the SECA regulations to reduce revenue for 
marine-based exporting industries (AirClim, 2011; Hämäläinen, Hilmola, & Tolli, 2016) 
which could lead to their relocation to “greener pastures”. Some works like Notteboom 
(2010) discussed the risk of a modal backshift to other modes of transport that could 
cause closure of specific ferry routes and a potential shift to road transport, which will 
affect the environment negatively as well through congestion and reduction of safety 
(Holmgren, 2014).  

Linking the regulations’ implications to their sustainable and successful deployment in 
the EU and the Baltic Sea region (BSR) on both national and local levels, a gap for 
synchronised and concise literature regarding SECA regulations and the economic 
impacts on maritime sector in the BSR is exposed (SHEBA, 2014).  Although before the 
take-off, CONCAWE (2013) insisted that minimal impact would occur, there are still 
concerns due to the instability and erratic fluctuations of the fuel price (Hämäläinen, 
Hilmola, Prause & Tolli, 2016). These conflicting views emphasise one of the motivations 
for this research; which is the need for empirically grounded information related to the 
economic impacts of clean shipping for knowledge-based investment decisions for the 
maritime community.  

More so, WCED (1987) definition of sustainability as “the process that ensures that 
the needs of the present generation are met without compromising future generation’s 
ability to meet their need” puts a stronger emphasis on Risk (2004) assessment that the 
sustainability of any regulations is essential to achieving desired growth and goal for the 
present as well as the future. Risk insisted that there should be a renewed focus on the 
sustainability of clean shipping through innovative activities. This focus is necessary 
because innovative activities have a cumulative positive effect that can diffuse over time 
(Kline & Rosenberg, 1986). Besides, Jiang, Kronbak & Christensen (2014) explained that 
the capacity of the stimulated innovation related to the technological solutions for 
complying with the regulations could be enormous and very beneficial. Since innovation 
is the unique occurrences that lead to valuable transformation (Olaniyi & Prause, 2016), 
the actual capacity of the various technological solutions for complying with the SECA 
regulations needs to be known (Bergqvist et al., 2015). Furthermore, if new regulations 
can inspire entrepreneurial innovation for business growth (Panagakos et al., 2014), 
more than ever, the exploration of possible innovative intervention for sustainable and 
cost-effective management certainly also necessitate the need for the current study.  

These challenges reveal an existing theoretical gap for literature in the maritime 
sector for a new rule like the SECA regulations. There is a need for the development of 
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business models that can bring a convergence and equilibrium between regulatory 
demands and regulatory compliances for a neglected sector such as the maritime sector. 

Aim and Scope of Work 
It has been three years of the 0.1% SECA cap in the BSR, the economic evaluation of the 
state of shipping since the 2015 SECA's take off is crucial for accurate and concise 
information for researchers policymakers as well as the maritime stakeholders in public 
and private sector. The BSR is responsible for a significant share of the world’s sea trade, 
which is about 15% (Nugraha, 2009).  Besides, the BSR has been a forerunner in enforcing 
clean shipping (Helcom 2012), which has reinforced the EU leadership in existing and 
emerging sectors related to maritime. This work presents another opportunity to exhibit 
the BSR as a test lab for other regions. Thus, the aim of this research is:  

To develop an optimised business model in compliance with Sulphur Emissions 
Control Area regulations in the Baltic Sea Region. 

The thesis seeks first, to evaluate the economic impact of clean shipping in BSR through 
the assessment of the sulphur regulations compliance activities. Second, because 
regulations compliance means significant investment decisions for the stakeholders 
together with the reality that fuel prices are volatile and unpredictable, thesis pursues 
the development of strategic market mechanisms for compliance cost reduction and 
sustainability of clean shipping in the BSR. The research will focus on what is happening, 
how and where these changes are taking place and the resulting implications of these 
actions to offer new knowledge that can be generalised in some ways in the industry. 
The thesis does not seek to postulate a cause-effect situation but instead seeks to gain a 
better understanding of the clean shipping situation in the BSR through different 
interactions with maritime stakeholders. The results would include input from the 
maritime industry and their business stakeholders for an optimised identification of 
enabling indicators that are advantageous for sustainable clean shipping. The 
stakeholders will be but not limited to shipping companies (i.e. ship operators, 
shipowners), ports and port authorities, maritime equipment and services suppliers, 
maritime-related public sector (i.e. ministries,   municipals, government agencies, 
education and research, police/customs and logistics service providers. At the same time, 
the thesis will identify gaps and patterns for market potentials and compliance business 
models that can support clean shipping in BSR. 

To address the focus of this work, the following research questions (RQ) are drawn: 

RQ1: What are the economic impacts of the SECA regulations in the Baltic 
Sea region? 
RQ2: How do the SECA regulations influence innovative activities? 
RQ3: How to optimise business models in compliance with SECA?  

Both quantitative and qualitative approaches were used to collect data from April 
2016 to May 2017. Research started from the previous studies and reports on clean 
shipping and SECA regulations, which proceeded to face-to-face structured and semi-
structured experts’ interviews across the BSR, experts’ focus group meetings and 
workshop and a BSR-wide survey.  

The first set of results showed that low bunker prices alleviated the economic costs 
of SECA compliance and the BSR is championing an impressive clean shipping 
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campaign in the EU. However, the economic effects are dispersed unevenly and not 
the same for all stakeholders. The consolidated results advocate the use of BSR as a 
reference for a broader platform and refocus policymakers' direction towards 
developing suitable policy instruments tailor-fitted to specific regions or sector. The 
focal result presented the conceptualisation and the empirical validation of the 
Marine Energy Contract model for value creation and energy solutions to sustain a 
potential private sector in the maritime industry. As a decentralised method, it is 
suitable in the interim for fuel producers who must eventually develop and upgrade 
their process permanently at the appropriate time.  

The following chapters present the unfolding arguments and reflections of the 
author. They also portray the processes of arriving at the conclusions. References to 
the “environment” in the thesis will include land and sea. The focus innovation 
characters for this study would include incremental innovation, process innovation 
and business model innovation. 

 Chapter 1 first presents a narrative of shipping activities in the BSR regarding SECA 
regulation. The second part shows how different literature and theories contribute 
to organisational and technological change that resulted from external influences 
such as the SECA regulations. 

Chapter 2 provides the detailed research approach and design of the doctoral 
research. It also portrays how each RQ was addressed.  

In chapter 3, the results are presented in a narrative form, flowing from how SECA 
affects the maritime industry, clean shipping and innovative patterns in the BSR. 
Overlapping results and findings triangulate and affirm the findings. The end of the 
chapter drew the implied implications for the BSR/EU maritime public and private 
stakeholders as well as for policymakers.   

The last section concludes the thesis and presents the author’s contributions to 
science and management practice, the research limitations and author’s suggestions 
for future studies. 
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ABBREVIATIONS 
BSR Baltic Sea Region  
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1 LITERATURE REVIEW  
This section addresses the mainstream of this research. First, it examines the maritime 
activities in the BSR as it relates to the sulphur regulations. It establishes the historical 
context of the events and activities of clean shipping in the region. The second part lays 
the theoretical perspectives on technological and organisational change. The overall 
review sets the framework that would guide the analysis of the data. Each theory based 
on its arguments, interpretations of the subject matter, applicability to the implied 
setting, conceptual centrality, and associated methodology mirrors how regulations, 
their compliance, costs, effects, organisational coping mechanism and market changes 
affect business decisions and choices.    
 

1.1 EU Maritime Activities and Sulphur Regulations Compliance in the 
BSR 
In 2005, the European Union (EU) Commission's thematic strategy on air pollution 
concluded that if nothing were done to curb sulphur emissions, sulphur emissions from 
shipping in the EU alone would exceed those from land-based sources by 2020 
(Notteboom, 2010). International trade that involves the seas especially the SECA alone 
was reported to have amounted to about 2.3 million tonnes (mt) of SO2, 3.3 million 
tonnes of NOx, and 250,000 tonnes (t) of PM as at  2000 (Concave, 2006). If this situation 
was left without appropriate monitoring it was projected that shipping emissions of SO2 
and NOx would have increased by 40–50 percent between the year 2000 and 2020 (Jiang 
et al., 2014). Therefore, to improve its citizen health and protect its environment, the EU 
focused on different aspects of IMO directed air pollution from maritime transport by 
harmonising them as a strategic concern for the EU. As a result, the SECA compliance 
became a part of the implementation of joint climate and energy strategy across EU 
member states. This action further intensifies the tackling of global climate and resources 
challenge. It fosters reduction in heavy reliance on fossil fuels such as oil and inefficient 
use of raw materials that expose the populace to dangerous and costly price shocks, 
which threatens the economic security and climatic stability of EU member states          
(EU, 2010).  

In the BSR, maritime transport and multimodal container transport plays an essential 
role in the global transport links (Daduna & Prause, 2016) and about 15% of world trade 
is conducted on the Baltic waters (SHEBA, 2014). There are concerns that this would have 
a negative impact on the general environment especially in consideration of the level of 
emission that would be produced by the ships that operate in this environment. In this 
light, the choice of compliance is a process that is painstakingly considered by the related 
stakeholders due to the substantial financial investments and risks involved.      

The choice for useful SECA regulations compliance options to a certain extent depend 
on the time the vessel spends within the SECA, the vessels fuel consumption and the 
price level of the low sulphur content fuels. For ships that operate less than 4,500 hours 
annually in SECAs, fuel switching is the lowest cost option (Carr & Corbett, 2015). When 
refined, crude oil produces waste products called the Heavy Fuel Oil (HFO) commonly 
used as bunker fuel, which has a higher sulphur content than what is acceptable in the 
SECA (CONCAVE, 2013).  The higher grades of distillate fuels, the Marine Gas Oil (MGO) 
and the Marine Diesel Oil (MDO) are the most accessible choice for the SECA compliance. 
The fuel switch to MGO/MDO only requires small modifications to the ship engine, which 
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entails the installation of fuel cooling system to increase the viscosity of the MGO       (ABS, 
2016). Shipowners can benefit from using low sulphur fuel because apart from causing 
less pollution to the environment, distillate fuels with low sulphur content have a higher 
thermal value that can reduce engine wear ensuring they require less frequent 
maintenance. They also lower the rate of fuel consumption (Wiśnicki et al., 2014). 
Furthermore, distillate fuel has a lower density than the HFO, and higher energy content 
(HFO approx. 40 MJ/kg, MDO approx. 42 MJ/kg) (Notteboom, 2010).  

Another option is to use the Liquefied Natural Gas (LNG) (Notteboom, 2010). Natural 
gas is famous for the land industry for heating and transport purposes. It is more 
convenient for vessels to use the LNG fuel for shipping as LNG is naturally low in sulphur 
and meets the new SECA regulations (Wiśnicki et al., 2014). In fact, when in liquid form, 
it contains more energy and is easier to process in a combustion engine. However, 
keeping it in this state means cooling it below its boiling point, which is about -163 °C 
that requires pressure and three-times space, sometimes more for large tanks placed 
above the deck or in the ship (Bergqvist et al., 2015). Bergqvist et al. further explained 
that ship engine conversion for LNG requires some significant changes in the ship main 
engine and auxiliary systems. Additionally, there are further installations needed like the 
inert gas system LNG storage tanks, fuel supply systems, new piping and equipment, tank 
foundations, deckhouses and foundation. Apart from the additional environmental 
benefits, converting to LNG could be less costly in the long term, but at present, LNG 
supply facilities are still too few (Pape, 2015). There are still significant regulatory gaps 
for bunkering and infrastructure operation for the usage of LNG such as the safety aspect 
of the fuel, development of small-scale LNG infrastructure and the use of the LNG in 
general (OECD/ITF 2016). 

The scrubber technology is another method used to maintain the sulphur level in the 
exhaust fume from the ship in the SECAs to achieve the desired environmental protection 
(Wiśnicki et al., 2014). The scrubbers reduce the sulphur emission by at least 90-99% 
alongside with the PM emissions (Caiazzo et al., 2012; Carr & Corbett, 2015). The 
scrubber options have two major types: the wet scrubbers (seawater open loop, fresh 
water closed loop and the hybrid) and the dry scrubbers (Wiśnicki et al., 2014; Brynolf, 
Magnusson, Fridell & Andersson, 2014; Bergqvist et al., 2015) as shown in Figure 1.1. 
Some shipowners are not favourably disposed to the open looped scrubber because the 
wash water from the ship’s exhaust is sprayed back into the seawater even though the 
sulphur oxides are said to be neutralised before being let back into the sea (Cullinane & 
Toy, 2000; Brynolf et al., 2014). 
 

 
 
 
 
 
 

 
 
 
 
Figure 1.1: The scrubber systems 
Source: Adapted from Wiśnicki et al. (2014); Brynolf et al. (2014) & Bergqvist et al. (2015) 
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AirClim (2011) also shared this concern about scrubber’s efficiency and the waste 

production and handling, emphasising that care should be taken not to introduce more 
harm to the environment than is being resolved. However, extensive work has not been 
done to determine the significance of letting the treated waste back into the sea and the 
impact on the sea habitats. The additional fuel consumption for using the scrubber is 
usually about 3-5% (Brynolf et al., 2014; Wiśnicki et al., 2014). The conversion to the 
scrubber technology requires some large-scale changes such as new funnel layout, the 
scrubber, the installation of scrubber itself, auxiliary machinery and pipe connections, 
installation of new tanks and some steel work (Notteboom, 2010). 

Other alternatives to SECA compliance as discussed by AirClim (2011) are alternative 
energy sources such as fossil fuel, wind power (e.g. SkySails), biofuels and fuel cells, 
batteries and Selective Catalytic Reduction (SCR) (an abatement technology used to treat 
exhaust gases). There are already around 500 ships fitted with SCR worldwide.  

Finally, because the auxiliary engine of a ship still run when ships dock at the ports, 
another way to reduce sulphur and PM is if ships would shut off their propulsion and 
auxiliary engines and connect to a shore-side power called the onshore power supply 
(OPS) when docked. This power grid is used to supply the ship’s refrigeration, lights, 
pumps and other equipment (OECD/ITF, 2016). 

1.2 Theoretical Perspectives 
1.2.1 Regulatory Demand for Organisational and Technological Change 

Regulations are said to have cumulative effects (Jaffe, Peterson & Stavins, 1995).  Under 
what is considered “crisis”, Kinzerska (2012) explained that the uncertainties regulations 
bring affect the quality of economic forecast and investment decisions. In this situation, 
business owners usually make significant re-adjustment to their service or product 
delivery due to the change in demand or taste of end users (Jaffe et al., 1995). In their 
response to regulations, companies incur considerable expenses to change their 
operations or sometimes products to comply (Bourlès, 2013). They embark on activities 
that include the general overhaul of their service system by procuring new equipment, 
facility upgrading, training of staff and other strategic decisions (Wiśnicki et al., 2014). 
Consequently, because of the resulting increased costs of doing business, companies may 
end up transferring the costs of products and services to the end users (Kinzerska, 2012).  

The 2020 global sulphur cap was predicted by OECD/ITF (2016) to have a substantial 
overall effect on shipping costs, which would be between 20% and 85% increase 
depending on the general sailing assumptions on speed, fuel price and ship size of a 
vessel. The relatively large margin according to the OECD/ITF will be primarily due to the 
uncertainty surrounding the availability of low-sulphur ship fuel. They predicted the 
regulation requirements might probably add an annual cost that is between 5 to 30 
billion USD to container shipping industry alone. Even if the regulation take-off is 
postponed to 2025 as being agitated by some, the maritime transport costs are still likely 
going to have an increase of 4% to 13%. Arguably, these extrapolations could suggest 
that the economic effect of regulation is tough on related markets and their economic 
growth. 

Inferring from the endogenous growth theory that expresses how the economic well-
being of a country relies on the actions its people (Aizenman & Marion, 1993), perhaps, 
we can deduce that the impact of governmental policies would have both short and long-
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term effect on a country's economic growth. Especially regarding policies that result in 
public spending. Barro (1991) explained that the introduction of new regulations distorts 
the markets through “unreasonable” tax rates and capital expenditures. In agreement 
with Barro, after testing the endogenous growth model using a period data from the 
OECD, Bleaney, Gemmell & Kneller (2001) concluded that most times, the long and short-
term effects of public spending often result to stagnant economic outcomes. However, 
unlike these studies, Solow (1994) argued that the productivity dividend from the 
collective activities of regulation compliance actions is essential for the growth of the 
country involved and that innovative compliances often lead to technological 
development or push. Supporting this line of thought, Dosi, Fagiolo & Roventini (2010), 
in their work provided evidence showing that innovative exploration of new technologies 
even though in the short-term is characterised by substantial spending and perceived as 
risky, have a mild effect on the long-term. New technologies also have the potential to 
deliver a balanced equilibrium between demand and supply. Olaniyi & Prause (2016) 
explained that innovative activities are the primary drivers of economic and social growth 
and that the economy of a country is directly proportional to the development of its 
markets and technologies.   

On another dimension, the new institutional economics theory indicates a clear 
correlation between the institutions and the combined character of a nation by inferring 
that the institutions in a country determine its economic growth (Coase, 1998). In this 
case, “institutions” in new institutional economics are “active rules” such as laws, 
customs and regulations. The theory’s major argument is that institutions encompass 
“transaction costs”, which are expensive (Eggertsson, 2013). Transaction costs are called 
“enforcement of contract” or “compliance costs", and Eggertsson insisted that often, 
transaction costs are so high that they obstruct or impede the proper administration of 
the intended institutions (regulations) referring to them as “gaps”. In this regard, the 
gaps can be assuaged with what Blind (2012) called “regulatory instruments”. Efficacious 
regulatory instruments can create a balance between the costs and the benefits of 
regulations and prevent societal waste, which is why strategic management stresses why 
a company must combine the structures of internalisation and the environment to 
reduce transaction and production costs (market exchanges) (Coase, 1960). It is only wise 
that companies strive to create different opportunities for an additional resource and 
use the strategic fit between their internal characteristics (strengths and weaknesses) 
and their external environment (opportunities and threats) (Chesbrough, 2010). 

To rely exclusively on a single type of resource is not useful in the present day 
competitive environment. As Barney (2001) explained, the capabilities of firms change 
over the time, and the competitive implications of those changes must be exploited using 
both the internal and the external stimuli. Introduced rules and policies are external 
stimuli a company must be prepared for at all time. Rumelt (1984, pp. 557) found 
essentially that the resource-based view (RBV) theory uses the notion that a company’s 
competitive position can be differentiated by the array of unique resources and 
relationships that provide a much-needed balance between the company and its 
environment. The innovative capacity of a firm could be explained from this point of view 
because technology advances demand new strategies to maintain a competitive position 
in the market. It is not enough to compete only with technological innovation, and it is 
necessary to design a winning innovative and competitive business strategy            
(Howells, 2005).  
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1.2.2 Propulsions from the Business Environment  

The fast terrain of technological change makes it necessary for business strategies and 
relationships to change along with the dynamic business environment. Companies 
should challenge themselves to look “outside of the box” for their business strategies 
and at the same time refine their business relationships to capture maximum value by 
ensuring that only useful related resources are combined (Bowser, 2001) as a process of 
resource collaboration (Baden-Fuller & Morgan, 2010).   

Alliance formation can be borne out of technological needs, apparent environmental 
uncertainties and other strategic drives (Das & Teng, 2000); one of such could be 
regulatory compliance. The RBV can be used to understand strategic management 
through alliances because cooperative relationships are motivated by the rationality of 
strategic resource requirements and social resource prospects (Das & Teng, 2000).  
Eisenhardt & Graebner (2007) study suggests that alliances are most likely formed when 
companies in vulnerable situations (e.g. that lack some resources) and companies in 
advantageous positions are within sight of each other’s strengths or weaknesses. A 
situation that can lead to a deliberate collaboration that focuses on achieving 
competitive advantage from the partnership (Das & Teng, 2000). 

At times, when companies are collectively or normatively regulated, there is an 
intensified probability for general adoption of same strategies and similar activities i.e. 
isomorphism (DiMaggio & Powell, 2000) explained by the institutional theory of 
organisations whose fundamental construct is that external or internal pressures 
influence organisational activities (Peters, 2000). The SECA compliance activities is an 
example to confirm that institutions do influence the behavioural pattern of 
organisations within the same environment or industry as it is witnessed in the BSR 
maritime industry today.  

On some occasions, companies make efforts to differentiate themselves through their 
structure (Reynolds, 1981). This notion is further explained by the neoclassical paradigm 
of the institutional theory. For example, in the process of reworking its resources or 
competencies, an organisation could end up changing its entire organisational systems, 
such as a change in delivery or supply chain system (Baden-Fuller & Morgan, 2010). 
Equally, changes in the value network or value chain could lead to changes in the 
resources and competencies available, such as in managing customer service or end-user 
relationships (Demil & Lecocq, 2010). Neo-institutionalism thus evokes a practice that 
expects organisations to be research fields, a realist ideology about modern society and 
preservation of stable philosophies that the society is made up of restricted but sensible 
actors (Dosi et al., 2010). 

1.2.3 Change in Business Model for Compliance Outcomes 

The theories discussed (i.e. endogenous growth, new institutional economics, 
institutional theory and RBV) showed similarly, yet different views on regulations and its 
position in the strategic stance of a company (figure 1.2). For example, RBV emphasises 
that external stimuli (e.g. regulations) can differentiate a company, the institutional 
theory dwells on how same external stimuli cause companies to act similarly. At the same 
time, endogenous growth theory infers that regulatory interventions have the potential 
to lead to productivity loss or a much positive result like innovation, while the new 
institution theory insists that transactional costs (compliance costs) are expensive. This 
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divergence points to the need for business strategies that can bring equilibrium between 
regulatory demands and their compliances so that regulatory compliance will not lead to 
societal waste in the maritime industry.  

Figure 1.2. The Divergence of Regulation Based Theories 
Source: Based on Jaffe et.al. (1995); Coase (1998); Rumelt (1984); Das & Teng (2000)  

Business strategies are sometimes made through changes in business models because 
a business strategy is considered as a valuable intangible resource of a company, and 
innovative products or services are more likely to offer unique benefits and occupy 
distinct places in the market (Barney, 2001). Business models are building blocks used to 
construct a business strategy that can create value for both the company and its products 
end users (Osterwalder & Pigneur, 2009).  Companies can take a dynamic approach by 
using the business model as a blueprint that defines critical functions of the different 
transformational activities undertaken using the business model as a tool used to focus 
on change and innovation in the company for radical transformation (Osterwalder, 2004; 
Demil & Lecocq, 2010). With proper handling, business models can be used as 
laboratories that will create enablement of new concepts and theories (Baden-Fuller & 
Morgan, 2010).  

It is true that generating a sustainable competitive advantage requires the 
exploitation of a company’s resource. However, according to Jaffe et al. (1995), when 
companies cannot fully access limited resources or by themselves lack the competence 
to handle opportunities or challenges; combining their adequate skills with an external 
source can help to achieve the needed goal. In this context, since the compliance costs 
are overwhelming for maritime stakeholders, developing business models that can 
leverage their strengths or/and weaknesses to achieve a marketing strategy for the SECA 
regulations implementation challenge is crucial. This process will be similar to the 
concept of smart specialisation that emphasises potentials and the mechanisms (Olaniyi 
& Reidolf, 2015). Even though at the beginning, the process is experimental, 
experimentations are said to have the ability to create competitive differentiation, and 
first successful experiments are usually the quickest to creating market advantage 
(McGrath, 2010). This way, the new entrepreneurial process can champion the 
identification and distribution of potential opportunities (Olaniyi & Reidolf, 2015).  
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2 RESEARCH METHODOLOGY AND SETTING 
This chapter overtly provides how the research design, its instruments, samples and 
measurement methods were used to enact the assumptions and conclusions of the 
thesis. It gives an overview of the research setting and the rationale behind each setting 
and how the research method was chosen to answer each research question. The 
chronicle presented are drawn from the theoretical framework, synthesis of existing 
knowledge and insights elucidated in the previous chapter to build a system of interfaces 
that show the realities regarding ways and how change is taking place through clean 
shipping campaigns in the BSR maritime industry and from the SECA regulations. Results 
are principally optimised by the evaluation of the economic impact and the overall 
success and challenges of the SECA regulations.  

2.1 Research Design  
Due to the exploratory and descriptive nature of this research, the data collection, 
organisation and analysis methods were both quantitative and qualitative (Marshal 1995 
pp. 78-80; O'Leary, 2009; Mkansi & Acheampong, 2012). This approach was taken to 
enhance, converge and corroborate the results outcomes as explained by Klein & Myers 
(1999); Creswell & Clark (2007); O’Gorman, Lochrie & Watson (2014). 

According to Easterby-Smith, Thorpe & Jackson (2012, pp. 22-29), research questions 
should determine the selection of research design, i.e. having an understanding of the 
problem, what should be done to solve them and the assessment of the result. As shown 
in figure 2.1, to address the dynamism of the RQs, first, information from the desktop 
research provided the background for both the quantitative and qualitative research 
approaches, which involved the interactions with maritime stakeholders in the BSR. The 
quantitative analysis was used to generate a generalizable result on SECA compliance in 
the BSR while the qualitative approach was used to deduce the social intricacies and 
implications of these events. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2.1. Research Design  
Source: Author’s compilation 
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2.1.1 Data Collection 

All empirical data was gathered between May 2016 and September 2017 in the frame of 
“EnviSuM” project - Environmental impact of low emission shipping measurements and 
modelling strategies, an EU funded project where TTÜ studies SECA Investment Analysis. 

Data collection was based on the interactions with BSR maritime stakeholders and 
their views on issues that border on their investments, costs of compliance, the process 
of compliance and their general evaluations on the impact of the regulation. 
Stakeholders with executive level of management were targeted, centred on the 
assumption that they are core part of an everyday decision process in most maritime 
organisations.  

There are five groups of the maritime stakeholders namely:  
1. Shipping companies (Ship operators, Shipowners) 
2. Ports 
3. Ship Suppliers (maritime equipment and services) 
4. Port authorities, Non-governmental organisations (NGO), Public sector 

(Ministry,   Municipal, Government agencies, Education, Research), 
Police/customs 

5. Shippers (Logistics service providers, Production and Trading, Real 
Estates/Facilities Managers).  

Based on their impact factor, i.e. how closely they are influenced by the SECA 
regulations, priority for data collection was on the shipping companies (Ship operators, 
Shipowners), Ports and Ship suppliers.  

2.1.2 Instruments and Materials 

Document Reviews: Included desktop research that involved scoping literature research, 
analysis of older project reports case studies using keywords like SECA, sulphur 
regulations, clean shipping and IMO regulations and so on. These research activities were 
done to obtain secondary data and background check related to clean shipping and SECA 
regulations in the BSR as well as regional data profiles, data and reports examinations 
before SECA.  
Primary Data collection:  Four instruments were used: 

1. Expert interviews: First, a pilot was conducted to ensure the interviewer gets 
comfortable with the role, check the appropriateness of the questions and know the 
length of the interviews according to O’Leary (2009). Thirty-eight (38) structured and 
semi-structured interviews (Appendix 2) were conducted in different parts of the BSR. 
The interviews involved different representatives of the groups of stakeholders and were 
face-to-face, telephone calls and through Skype videos. All interviews lasted between       
1 and 2 hours depending on the venue and place or type of interview. Notes were taken 
during the interviews. Both closed and open questions were asked. The closed questions 
were used to obtain background information on the interviewees regarding SECA and 
other related environmental regulations while the open questions were related to their 
present and future activities regarding the SECA regulations, which gave room for more 
in-depth discussions and reflections. 

2. Focus group meetings and workshops: The focus group meeting was named the 
“learning café”, and along with other four workshops, groups of maritime stakeholders 
were brought together to share information based on their professional experience and 
opinions. 
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3. Case studies: Different cases were constructed to understand the process and to 
conceptualise ideas and concepts for the thesis. Compliance case studies were made on 
three major shipping lines in BSR (Tallink, Estonia; Viking Line, Finland and DFDS, 
Denmark). Other cases were on the Maritime Energy Contracting (MEC) and the 
investment and risks analysis of the scrubber; both are proposals for the maritime sector 
to reduce the costs of regulatory compliance. 

4. Surveys: A BSR-wide survey was conducted at http://sgiz.mobi/s3/EnviSuMSurvey. 
A pilot survey was done for content validity as well as for clarity. The survey was targeted 
at all groups of maritime stakeholders earlier mentioned. 520 surveys were sent. The first 
part of the survey was drawn to understand each stakeholder, their background and 
knowledge on SECA while the second part included a 10-factor question on SECA impact 
on economic parameters. These are blue growth, costs, pricing, development, innovation, 
foreign direct investment (FDI), cargo flow, modal split and BSR reputation. 122 
responses were collected from a cross-section of maritime experts from Estonia, 
Denmark, Finland, Germany, Norway, Sweden and Poland provided through a network 
of EnviSuM project partners.   

2.1.3 Data Measurement and Analysis 

Different analyses were used in the articles to address the overall objective and research 
questions. Analysis of the data from the interviews, focus group and workshop meetings 
were made according to Yin (1989). Statistical software was used to analyse the survey 
data with a 5 - point summative rating scales from -2 to +2 – showing the degree to which 
the impact is very negative to very positive. The overall data measurement and analysis 
for each research question as reported in each article is presented in Table 2.1.  

RQ1 - What are the economic impacts of the SECA regulations in the Baltic Sea region 
was examined in Articles I, II and III. In these studies, observations, case studies, expert 
interviews, focus group meetings and a BSR-wide survey was used for data gathering. 
Article I -“the economic impact of environmental regulations on a maritime production 
fuel company” zooms in on the economic implication of the sulphur regulations on 
maritime fuel producer. Through a case study, the article highlights how a seemingly 
beneficial environmental directive could affect a traditional maritime fuel company due 
to a change in their market demand. This was the first stage of the research because fuel 
is key to achieving the 0.1% sulphur emissions and because of the current low price of 
fuel. Furthermore, the introduction of the 2020 sulphur global cap introduced an 
interesting twist to the discussion since it made sulphur emissions a global issue.  Article 
II - “the impact of SECA regulations on clean shipping in the BSR” and Article III - "towards 
EU2020: an outlook of SECA regulations implementation in the BSR” are “twin-articles”, 
where the former was a spin-off and the latter an update on the previous results and 
continuation from the former. In both articles, the first parts concentrated on the various 
activities witnessed in the BSR because of the SECA regulations. In the second parts, both 
articles through statistical analysis gave the accounts of the reactions of maritime 
stakeholders to the SECA regulations. While Article II focused primarily on the 
differences in sectorial reactions, Article III focused among other things, on the 
differences in the reactions of the stakeholders on a country bases using Estonia’s and 
Denmark’s stakeholders.  
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Research Question   Article  Analysis Instruments 
RQ1: What are the economic 
impacts of the SECA 
regulations in the Baltic Sea 
region? 

Article I 
 

observations, case studies, expert interviews 

Article II 
Article III 

BSR–wide survey, expert interviews, case 
studies, focus group and workshop meetings 

RQ2: How do the SECA 
regulations influence 
innovative activities? 

Article II  
Article III  

BSR–wide survey, expert interviews, case 
studies, focus groups and workshop meetings 

RQ3: How to optimise 
business models in compliance 
with SECA? 

Article I 
 

observation, case studies, expert interviews 

Article IV  
Article V  

case studies, expert interviews 

 
Table 2.1: Research Data Measurement and Analysis  
Source: Author’s compilation 
 

RQ2 - How do the SECA regulations influence innovative activities was addressed in 
Articles II and III. Both articles made the connection between clean shipping, blue growth 
and the SECA regulations. Since the SECA regulations and other related regulations were 
borne to enhance clean shipping, a direct subset of blue growth, the analysed results 
were from the experts’ interviews, documents reviews and focus group meeting on the 
activities of maritime stakeholders in BSR. Different innovative alternatives and 
technologies that were created for or/and are enhanced by SECA compliance activities 
were identified.   

RQ3 – How to optimise business models in compliance with SECA was tackled in 
Articles I, IV and V. By scanning both the internal and external environment of a fuel 
producing company, Article I through a case study puts forward possible investments 
pathway (models) for the case company. The investment portfolio analysis was further 
used to show the return on investments and their associated risks. Article IV – “Strategic 
Energy Partnership in Shipping”, a prequel to Article V introduced the theoretical 
framework for the “Maritime Energy Contracting (MEC) package” as a market 
mechanism for the delivery of emissions reduction. It focuses on the business model 
change and the contract details. As the sequel, Article V – "Maritime Energy Contracting 
in Clean Shipping” delivered grounded real-life scenarios and case studies on scrubber 
investments and the MEC. This study first appraised the investment risks and payback 
period associated with the scrubber using different capital budgeting methods. It went 
further to illustrate how the MEC model can be an optimised model that can deliver cost-
effective and sustainable emissions reduction using the scrubber technology with real-
life data from the BSR. 

2.2 Ethical Considerations during Research 
Ethical values stimulate the standards that are critical to co-operative work. It involves 
“trust”, “accountability”, “mutual respect”, and “fairness” (Gajjar, 2013). There are 
different codes of conducts when regarding research ethics as listed by Gajjar, however, 
author paid careful attention to the following:  

Honesty – Author strived for honesty in data reporting, results, methods and 
procedures, and publication status.  
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Objectivity – Knowing that there is an intense criticism for subjectivity related to 
experts' opinions and other face-to-face data collection, which questions the reliability 
and validity of informant’s testimonies, author avoided bias in data analysis, data 
interpretation, stakeholders’ testimonies and other aspects of research where objectivity 
is expected. The author triangulated research data and presented a fair representation 
of participants together with the connectivity in their responses to provide credence to 
the data gathered according to Seidman (2006 pp 9). 

Integrity – Author made efforts to keep promises and agreements with sincerity and 
consistency.  

Carefulness – Author sought to avoid mistakes and laxity, examined personal work and 
others with careful critical deliberations and kept good records of research activities and 
data collection.  
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3  RESULTS, DISCUSSION AND IMPLICATIONS  
Chapter 3 presents the accounts of the empirical results from the research activities 
discussed in the earlier chapters and articles I-V. First, a summary of results from the 
study is reported in the chronological order of the RQs followed by the implications of 
these results. Afterwards, inferences were made together with lessons from the results 
and what they mean for the BSR maritime sector, SECA regulations and the future of the 
BSR shipping. The discourse is finalised by giving policymaking based suggestions.  

3.1 SECA Compliance Activities  
At the introduction of SECA, there were many speculations and predictions, and some of 
them were not promising for the BSR. Results from the three years since the 0.1% SECA 
law entered into force revealed the many actions taken by the maritime stakeholders 
around the region. There are positive achievements, mistakes were made, and some 
shipowners and fuel producers still struggle with their decisions on compliance options 
while some have been able to enjoy some profit one way or another (articles I-III). 

So far, compliance measurement of air emission on the Baltic waters is an impressive 
record of 95% and 85% around its borders. The favourite choice for most shipowners is 
switching to the low sulphur fuel because it only slightly increases the cost of operations 
for a voyage and the shipowners do not necessarily have to make any investment 
decisions or risky undertakings. Most shipping companies like the Tallink, Estonia are 
using this strategy. However, many of them are still wary that there could still be a surge 
in fuel cost at any time in the future (article II & III).  

Results revealed how some shipowners embraced the use of LNG as an alternative to 
marine fuel because the LNG combustion emits next to zero harmful emissions, ensuring 
its acceptance as a form of insurance towards other predicted future emission 
regulations. As of 2016, there were 27 LNG of powered ships in Europe, of which three 
are retrofitted. Apart from these, 40 ships are presently scheduled to be delivered by the 
end of year 2018. LNG engine installations are preferable on a new ship because of the 
costs of the retrofit, which being over 10 million is quite expensive. The Viking Grace of 
Viking line, Finland was the first LNG driven vessel in the BSR. Another LNG powered ship 
is scheduled for delivery by 2020. Most ports in the BSR (i.e. ports of Stockholm, 
Gothenburg, Nynäshamn, Lysekil (Sweden), Świnoujście (Poland), Klaipeda (Lithuanian), 
Pori (Finland) and Hirtshals (Denmark) are already equipped with one form of the LNG 
facilities or another. Further LNG infrastructures are steadily developing in other ports 
because of the EU Directive 2014/94/EU that mandates all TENT-T (Trans-European 
Transport Networks) core seaports to be equipped with LNG bunkering terminals by the 
year 2025. 

The installation of the scrubber is also typical in the BSR. The scrubber is mostly 
preferred for retrofit for old ships that are nine years and above. The costs of the retrofit 
are between 2-5 million euros depending on the ship, its age, size and the type of 
scrubber. Mostly installed on ferries, RO-RO and general cargo (feeder container ships), 
as at the first quarter of 2017 there were 83 scrubber-retrofitted ships in the BSR. The 
dry scrubbers are no longer used in shipping, while the hybrid scrubber is most preferred 
among the wet scrubbers. DFDS Seaways, Demark is known for their scrubber strategy 
and has 21 scrubber-retrofitted ships as of January 2017. There are already clear rules 
on how to dispose wash water from the scrubber and the pH limit testing criteria stated 
in the “2015 guidelines for exhaust gas cleaning systems” of IMO, 2015, annexe 1. 
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However, from other reports, interviews and visits, the ports are still vague in their 
positions towards the waste management of the scrubber sludge and wash water.  

3.2 Impact of SECA Regulations on Maritime Business Activities 
3.2.1 Economic Impact of SECA Regulations  

The result from a case study of a fuel producing company (article I) showed that some 
small-scale fuel producers face possible loss in revenue from the costly and risky 
investments associated with their compliance with the sulphur regulations.  

The results from the survey analysis regarding the impact of SECA regulations on 
maritime business activities in the BSR (article II & III) are as follows: 

All results are in percentages of the overall responses of 122 survey respondents. All 
(100%) respondents are acquainted with the SECA regulations, and the employees of 
67% of respondents are familiar with the essentials of the SECA. 91.7% monitor and 
evaluate their clean shipping activities mostly because it is mandatory. 60% are 
interested in an available tool that could help them decide optimal compliance solutions.  
63% are pleased with the SECA preparations by IMO but acknowledged some noticeable 
gaps such as information gap, underdeveloped services, underdeveloped and unclear 
rules for sanctions, monitoring and controlling activities.  

From the standard deviation analysis of the survey data, the mean scores for all 
economic parameters were nearly zero, suggesting a similarity in the stakeholder 
responses. The respondents considered factors such as costs, pricing, FDI, cargo flows 
and modal splits on SECA as insignificant while innovation and the branding of the BSR 
are seen to be a positive impact from SECA. To find out which of the nine variables have 
a significant impact on the variable "overall economic impact of SECA", additional linear 
regression analysis according to Mendenhall and Sincich (1989) was used. The F-test 
indicated a substantial fit for the subsequent model. Variable blue growth, cargo flows 
and branding from the regression analysis coefficients and are statistically significant 
with a positive leading sign of r = 0.56, 0.33, 0.32 respectively. Their ß-Coefficients 
percentages also show they accounted for about 56% of the "overall economic impact of 
SECA". Regression coefficients showed that blue growth, cargo flows, branding and their 
related t-test are statistically significant with positive signs. The sum of their ß-Coefficient 
percentage of 56% accounts for the overall impact of SECA, suggesting that blue growth, 
cargo flows and the BSR branding/reputation are the closest factors linked to the “overall 
impact of SECA”. The sum of their ß-Coefficient also connotes that the improvement of 
the “overall impact of SECA” works in parallel with these factors. Factor pricing has a 
negative sign of “nearly significant” implying that any surge in costs of commodities in 
BSR will negatively influence the “overall perception of SECA”.  

The variance analysis results exhibit that, modal split shows significant differences in 
the responses from the shipowners and the ports. While the shipowners are positive that 
the SECA regulations will not lead to a modal split in the BSR, the ports believe the modal 
split could be imminent. Further variance analysis also shows significant differences in 
the responses of stakeholders form Estonia and Demark. These differences were in the 
overall impact, development, blue growth and FDI with a probable error of p ˂ .05.  The 
Danish participants are six (6) times more positive about the overall impact of SECA 
regulations than the Estonians. Estonians are neutral to development and are less 
enthusiastic towards SECA influence on blue growth. Danish stakeholders also believe 
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that the SECA regulations will attract foreign investments whereas their Estonians 
counterparts do not think so.    

3.2.2 SECA Regulations Innovation Patterns 

The results in this section was from expert interviews, case studies, focus groups and 
workshop meetings. The resulting innovation outcomes that will be mentioned are 
process-innovation (i.e. Onshore Power Supply, emission-monitoring drones) and 
product-innovation (i.e. ULSFO, scrubber, SECA Compliant Dual Tank Ship Engines). 
Aforementioned, for this study innovations are: incremental - improved already existing, 
i.e. better, faster and cheaper; process and business model innovation - implementation 
of new/improved products and services according to Janszen (2000). Not all of the 
innovative compliance solutions mentioned were borne from SECA, but their 
development and deployment were fast-tracked by the SECA regulations and its 
compliance activities.  
a. The Ultra-Low Sulphur Fuel Oil (ULSFO) is a unique hybrid of fuel that is gradually 

finding its way as a cheaper marine fuel since 2015. Its advantage over the distillates 
apart from the lower price is that it is higher in viscosity and has lower volatility.  
Market reports from Platts (2016) showed a market demand increase from the 
180,000mt Amsterdam – Rotterdam – Antwerp every month in 2016 and predicted 
a monthly growth of 300, 000mt towards the end of 2017 - a demand setting to tie 
with the MGO current monthly demand of 320, 000mt. There are fears, however, on 
the unknown effect of a prolonged usage on ship engines that were not initially 
made for this particular type of fuel. The ULSFO will help the fuel supply constraints 
that may ensue from the 2020 global sulphur cap.  

b. The Scrubber emanated from the flue gas desulfurization (FGD) technology that 
washes or scrubs sulphur emissions from the exhaust of a ship that uses the HFO. 
Initially, the use of scrubber was prominent in chemical industries. However, the 
technology has been extensively upgraded over the years from the "cumbersome" 
big and bulky dry scrubber to the wet scrubbers now commonly used on the ships. 
While there is only one known dry scrubber retrofitted ship in the BSR, many wet 
scrubbers are noticeably installed. The upgrade of the open-loop and the closed-
loop scrubber to the hybrid scrubber system, a technology that combines both the 
open and closed-loop systems has proven to be very useful in the BSR because of its 
flexibility of use while on a short or deep-sea sail. The space needed for the scrubber 
installation has also reduced considerably. The switch is reported to be 
straightforward and automatic.  

c. SECA Compliant Dual Tank Ship Engines is a useful technology where shipowners 
believe that the easiest way to manage the SECA regulations is to use the HFO in 
non-SECA and switch to the MGO/MDO in SECA. However, while the claims were 
that the switch is automatic and does not pose any threat to its compliance stance, 
some shipowners have admitted that sometimes due to a mechanical error such as 
a leakage there can be a default. Besides, for a switch to be perfect, it must take 
place around 30 minutes before entering SECA to ensure the HFO burns out 
completely, which may not always be the case. Nevertheless, most shipowners have 
claimed to be consistently successful in making the switch and to lay rest to this 
discussion, the concept for a dual engine was developed. An example is the Tallink 
Megastar, a dual fuel tank engines vessel powered by both the LNG and the MGO, 
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built by the Meyer wharf in Turku (Finland). The Megastar ship’s propulsion is 
fortified with a 5-engine capacity (a 3 Wärtsilä 12V50DF - 11.4 MW/machine and a 
2 Wärtsilä 6L50DF - 5.7 MW/machine) which runs about 6000h/yr.  The engines can 
be automatically switched from MGO to LNG at an automatic 1-minute switch that 
gives room for the MGO to slowly change to LNG or vice versa.  

d. Onshore Power Supply is a useful technology when a ship docks at the port. The 
SECA directive has hastened its development across the BSR ports. The ports of 
Gothenburg, Lübeck, Helsinki, Ystad (with a large OPS system for both 50 Hz. and 60 
Hz.) and Stockholm are already using this solution. The Helsinki port introduced 
shore power in 2012 for Viking Line’s ferries.  Already, in order to ensure SECA 
complaint and standardisation the port of Stockholm is currently having five of its 
quays equipped with the OPS system.   

e. The OECD/ITF emphasised Monitoring and Control for sustainability and 
effectiveness of the SECA regulation. In Poland for example, even if there was no 
abnormality indication, fuel samples are still collected and analysed. Air pollution 
monitoring activities made at strategic locations such as the great belt bridge of 
Denmark use surveillance aircrafts and drones that monitor emissions using an 
ultraviolet optical and sniffer measurement. The European Maritime Safety Agency 
(EMSA) is responsible for making inspections and from 2015 to March 2016, made 
about 6,801 inspections. In 2016 and 2017, about 4,000 inspections were made in 
the frame of the EnviSuM project using these drones. 

3.3 Entrepreneurial Compliance Options for Maritime Fuel Producers 
Because shipowners are not making any significant changes and there is much pressure 
on fuel producers who must step up to produce the demanded volumes of fuel, the 
author put forward two categories of compliance options.  First, five strategic investment 
models (options) were proposed for the fuel producing companies. Then, to determine 
their risk levels and returns on investments, a multi-criteria analysis of their impact scale 
were calculated (article I). The second category of options is a model that involves a 
change of business model strategy for the fuel producers and the shipowners called the 
Marine Energy Contract (article IV & V).  

3.3.1 Investments Models (Options) 

Leveraging on the environment, the opportunities and strengths as well as the threats 
and weaknesses of VKG (the first case company), five investment strategies were 
suggested. First is the upward vertical integration of VKG supply chain process. With 
this investment option, the company considers selling its fuel directly to the end-users 
by making its fuel complaint, achieved by mixing shale oil with 0.1% distillate oil to reduce 
the sulphur content. Some of the advantages of this option are that it removes 
intermediaries and transaction costs in the distribution process. While the fuel producing 
companies may be able to increase their share in the market this way, productivity is 
likely going to reduce because of an inflexible supply chain. The next investment strategy 
is product upgrade, which entails building a new refinery that will lead to change and 
upgrade the company’s products and derivatives. It will also increase their production 
capacity, but the primary outcome will be the possibility of producing the 0.1% sulphur 
marine fuel along with oil V Diesel and stabilised naphtha. For VKG, a medium size 
refinery of a processing capacity of 133% increase of shale oil production at 14 000 
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barrels per day and 750 000 tons per year will cost about 400 million euros (Front-End 
Engineering Design (FEED) stage) plus 30-50 million costs of operations every year. An 
expensive venture for a business undertaking that will take additional five (5) years 
before reaching its full capacity. Next is Hydrodesulphurisation that removes sulphur 
from the product through partial hydrogenation (Kabe, Ishihara & Qian, 2000) to produce 
the ULSFO. Hydrodesulphurisation will cost 100 – 150 million euros. Another investment 
strategy is Product Discount, an easy way out if the future price spread between HFO 
and distillates is wide, remains so and can only serve as an interim option due to the 
volatility of the fuel market. Lastly is Process innovation, which will improve the 
company’s efficiency - a long-term plan regardless of the other options used.   

Even though most companies could be willing to take on risky investments, this would 
depend on their perceived guaranteed or expected return on investment. A multi-criteria 
decision analysis tool was used to create a matrix of scenarios for the impact scale for 
each option if the price spread was to change. The results revealed that 
hydrodesulphurisation is the investment with the highest return followed by product 
upgrade. An investment of this magnitude will prove futile in the face of a substantial 
reduction in the cost of fuel and make it difficult for the company to recoup the 
investment made. Product upgrade was the riskiest option because it is expensive and 
its failure could be the company’s final downfall. The risk is also associated with the 
uncertainties in fuel prices. Upward vertical integration is the least risky option. Product 
discounts, upward vertical integration and process innovation will yield the least return 
respectively.  

3.3.2 Maritime Energy Contracting Model (MEC) 

The MEC model is a market mechanism that uses the Energy Supply Contract (ESC) 
concept and the scrubber technology where the fuel producers pre-finance the scrubber 
installation on contracted ships and at the same time supply HFO. This result yielded a 
business model change for high sulphur bunker-oil producers as a great edged market 
strategy that is experimental. The resulting model delivered a pragmatic approach to the 
SECA regulations compliance and aims to reduce emissions and transaction costs of 
compliance with the following advantages: 

• Reduction of SOx emissions.    
• Savings related to investment costs and other costs. 
• Creation of jobs and careers. 
• Operational costs reductions.  
• Free technology and expertise backing for the shipowners.  
• Flexible investment option for the fuel company.  
• Higher margin for the fuel production company.  
• Customised contracts. 

Using the Osterwalder (2004) business development model (table 3.1 & article IV), the 
analysed data from the expert interviews and documentation-review empirically 
presents how the business model of the fuel company would change. The key partners 
are the first to change, i.e. there is a switch from bunker traders to banks or other loan 
servicing companies, scrubber companies, maintenance companies, ship 
operators/shipping companies/shipping operators and other fuel producing companies. 
The key activities focus will change from marine fuel production to services that will 
introduce compliance solutions. Key resources will still be the mines and fuel production 
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facilities but also include the scrubber and other resources. Value proposition will shift 
from economies of scale approach to an economy of scope concept.    

 
Table 3.1. Change of Business Model for Fuel-Producing Companies 

 
Adapted from Osterwalder (2004) 

The catch for this model is costs and risks reduction with business relationships 
becoming “co-creation alliances” between the fuel producing company and its 
contractual customers. Cost structure will change from fixed to a more differentiated 

    Business model block Company’s Model  MEC Model  
1 Key partners Bunker traders  Financial houses, scrubber producers, 

maintenance companies, ship 
operator/shipping company/shipping 
operators and other fuel producing 
companies 

2 Key activities Fuel production 
and sales  

Fuel production. Sales will become service 
driven (i.e. new solution services to sulphur 
emission compliance), maintenance and 
data information exchange and information 
management 

3 Key resources Physical 
infrastructure, e.g. 
production and 
warehousing  

Physical infrastructure, i.e. production, 
warehouse, including the scrubber, together 
with intellectual and financial resources (i.e. 
liquid assets) 

4 Value proposition  Marine fuel, fast 
delivery  

Optimisation and economies of scales (cost 
reduction, infrastructure 
sharing/outsourcing, total package offerings) 
Risk reduction (financial risks, market risks 
and price uncertainties), ease of transactions 
and accessibility (removal of intermediaries) 

5 Major customers  Bunker traders Shipowners/shipping companies/ship 
operators   

6 Customer 
relationships  

Fuel pooled with 
other fuel 
producers and 
sold directly to 
intermediaries  

Co-creation alliance between the company 
and their contractual customers. Services 
will include personal assistant customised to 
fit each customer according to their need 

8 Channel of 
distribution  

Own logistics, 
third party  

Owned, involve the use of electronic data 
exchange (EDI) for inventory and supply 
management 

9 Cost structure  Fixed  Low cost to ensure the achievement of the 
economics of scales (increased output, new 
distribution channels), the economics of 
scope (cost advantage and increased 
distribution channels) and fixed cost 
contract 

9 Revenue streams  Sales Sales, banks and services charges from 
negotiation, risk planning, savings sharing, 
liquidation fees and so on  
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system. Lastly, the revenue streams, mostly from selling fuel will include service charges. 
The MEC price is: 

𝑴𝑴𝑴𝑴𝑴𝑴 𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷 = 𝑭𝑭𝑭𝑭𝑷𝑷𝑭𝑭 𝒑𝒑𝑷𝑷𝑷𝑷𝑷𝑷𝑷𝑷 +  𝑺𝑺𝑷𝑷𝑷𝑷𝑭𝑭𝑺𝑺𝑺𝑺𝑷𝑷𝑷𝑷 𝑷𝑷𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄 + 𝑨𝑨𝑨𝑨𝑨𝑨𝑭𝑭𝒄𝒄𝒄𝒄𝑨𝑨𝑷𝑷𝑨𝑨𝒄𝒄𝒄𝒄 

A RoPax ferry ship that plies Tallinn-Helsinki route, with a daily fuel (HFO) usage of 60t 
daily and 21 600t yearly empirically validates the MEC model.  The baseline cost was set 
using the cost of MGO as at 06.10.2017while the adjustment costs were based on the 
current Estonian consumer goods index at 01.01.2017, the average salary index at  
01.01.2017 and a fictive fuel price of 450€/mt from 01.01.2017.   

At the same time, the annual scrubber cost is a 10% additional scrubber fuel p.a.,        
2% additional scrubber service p.a., 15 years depreciation of scrubber p.a. and interest 
costs p.a. Thus, from the calculation, the MEC cost savings for the shipowners using the 
scrubber technology is 99 €mt, and at the same time, the fuel production companies 
enjoy an extra 97 €/mt as additional income.  
Other contract terms and conditions will include:  

a. Specification regarding the owner of the scrubber asset during the contractual 
period, which in this case will be the fuel company. 

b. Definitions regarding Maritime Energy Contracting Price, Scrubber costs, Energy 
price and Adjustments. 

c. Interests’ rate as determined by the market. 
d. List of “partner network” including rebates with the affiliated partnering 

companies. 
e. Compensations for defaults.  
f. Assurance of stable adjustment costs except in the event of factors mentioned 

above. 
g. Procedures for a continuance of contract. 
h. Procedures in the case of the sudden end of the contract. 
i. Other issues arising, such as the border of the property, space for scrubber and 

retrofit, quality of supply, scrubber efficiency and additional energy 
consumption.  

3.4 Discussion of Results and Implications 
SECAs was created to enhance and promote clean shipping, results from RQ1 illuminate 
first, that the SECA regulations have been an excellent incentive to lower the emissions 
from shipping activities. Since most ships stopped using the HFO, good results have been 
recorded that showed the reduction in the PM and sulphur emissions. Nevertheless, 
while substantial progress is noticeable in the ports, enhanced infrastructures and 
services financing are essential to facilitate improved ports performances and standards, 
which needs to be unified across the BSR. The unification of standards is necessary 
because it can be difficult for the shipowners to cope with the different standards at 
different ports mostly where necessary infrastructures for compliance activities are 
needed. In other words, it is crucial for regulators to put in place some fundamental and 
unified clarifications regarding authorities and monitoring activities in the ports. A gap 
that further emphasises the need to harmonise policy instruments and at the same time 
calls for closer cooperation and agreement on standards between the ports and the 
shipowners. This particular situation has slowed down the establishment of the LNG 
infrastructure in the ports. For instance, while the intra-traffic within BSR may be able to 
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focus on LNG use, it will be a challenge for the inter-traffic who ventures outside the BSR 
where the LNG infrastructures are non-existent, and ships powered by LNG cannot 
bunker fuel. Furthermore, if there are no additional uses of LNG outside shipping, the 
necessity for LNG may not increase. An indication is an already reduced hype for the LNG.  

RQ1 outcome further suggests that even though general economic effects are 
negligible for most, some companies still have to make a significant adjustment to 
comply. This result revealed some negative impact on regional growth and cohesion in 
smaller regions where some of the maritime companies are linked to the economic well-
being of such regions. While the summation that environmental regulations are 
beneficial is right, the effects are different for each stakeholder.  To push this argument 
further, the fuel producers for instance, who already are plagued with the insistent fuel 
price decrease face a continued loss in revenue from costly and risky investments, 
especially when combined with the rapid increase in environmental charges. Emerging 
from some of the mythos and arguments of the endogenous and new institutional 
theories are some of the circumstances seen in the SECA regulations, where the 
compliance costs are high leading to increased social costs. Medium-sized companies at 
times may not have the capacity to handle the demands that come with such compliance. 
The portfolio analysis carried out confirmed how risky and expensive the compliance 
investments could be for such companies. While the environmentalists would rightly 
debate that the environment must be protected at all costs and that stringent rules must 
be made to achieve this, perhaps, arguably one may wonder what “at all cost” actually 
implies. While sacrifices are expected to be made, at the same time, not providing a 
unifying and even measure might be counterproductive, and policymakers owe it to the 
public to protect them, their environment and at the same time protect their source of 
livelihood. For example, the region can be encouraged to develop their innovation 
around existing schemes and interconnected diversification that can bring about an 
improvement of local cohesion for new entrepreneurial activities for their regional 
development, i.e. integrate the shale oil into the Estonian smart specialisation strategy. 
To facilitate structural changes, policymakers may consider stimulating the use of the 
Estonian oil shale industry’s annual contribution to the public budget.  

Interestingly, another part of RQ1 that concerns the economic impact of the SECA 
regulations on maritime business sector reveals that, although before the SECA 
regulations implementation many discussions were centred on its negative implications 
on modal split and costs of trade, the study results showed that the effect has not been 
as detrimental as speculated. From the survey, most shipowners and ports in the BSR did 
not experience much negativity from the SECA regulations but believed the SECA 
regulations stimulated innovation and improved the reputation of the BSR. Some 
shipowners on the interim are taking advantage of the low fuel costs by using the 
distillates and the new hybrid ULSFO rather than investing in abatement technologies or 
other forms of alternative fuel leading to monetary savings for some shipowners. This 
status quo explains the current excess capacity witnessed in the shipping business with 
some shipowners closing down routes or have had to change some of their routes. Some 
have even changed to larger ships to slow steam, a situation likely to continue for a while.  
Even at this, most shipowners still feel they would have been able to avoid sub-optimal 
choices if they had enough time and adequate information on compliance options. 
Unfortunately, the unwilling disposition of the shipowners towards investments will stall 
the technology push that abatement technologies such as the scrubber technology can 
deliver to the EU. However, the overall maritime stakeholders’ dispositions appeared to 
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be sectorial and country-specific as seen in the ANOVA analysis.  A possible answer to 
the country disparities can be culturally explained using the Hofstede 6-D cultural index 
(2018). Estonians’ score on "uncertainty avoidance dimension” is high (60) when 
compared to the Danish (23) implying that the Estonians are prone to avoiding 
uncertainties while the Danish are more “relaxed” and accepting of new situations.  

Results emerging from RQ2 revealed the various innovative actions and strategies 
taken by stakeholders to comply or to reduce the impact of SECA compliance on their 
businesses. It highpoints how various stakeholders have contributed to the clean 
shipping objectives in BSR. The introduction of the hybrid marine fuel, surveillance 
drones for monitoring and compliant checks, the scrubber’s technology hybrid system as 
well as the dual engines of the Megastar of Tallink shipping line emphasised that 
institution such as the SECA regulations influence the sets of actions and behavioural 
pattern in any environment. Encouraging innovation in the maritime sector for a cleaner 
environment is critical because technology development from innovative choices can 
resolve some of the challenges associated with the compliance delivery. The innovations 
that stemmed from various compliance activities can be the key driving factor for 
economic growth and social wealth. However, there is a need to harmonise the 
requirements on maritime sulphur emissions concerning the technical solution for 
emissions such as the scrubbers wash water, especially regarding the open-loop 
scrubbers.  

Lastly, RQ3 results provide both conventional and pragmatic entrepreneurial 
pathways for maritime stakeholders addressing the RBV arguments that unique 
resources and relationships can differentiate an organisational need for balance between 
a company and its business environment. The portfolio assessments of the proposed 
standard compliance options for medium scaled refinery shows that only 
hydrodesulphurisation and product upgrade could yield a significant return on 
investments, however, both are very expensive and highly risky. 

Considering this, together with the admission by most stakeholders that the scrubber 
technology could increase the rate and direction of technology boost in the EU, the MEC 
model proposes a focal concept for a strategy that can create unprecedented 
opportunities in the maritime sector. The model conceptually and empirically charted an 
instrument that offers a converged view of the theories used in this work (figure 3.1).  Its 
details are fresh, feasible, actionable, and cost-effective and at the same time allow a 
low magnitude of risk for an unpredictable environment as the maritime sector. Since 
the scrubber installation is preferred for old vessels that are around ten (10) years (article 
II & III), the average fifteen (15) years lifespan of the scrubber is suitable and aligns with 
the remaining average lifespan of a modern passenger ship of 25 - 30 years (Shippipedia, 
2018). The MEC model can set the ball rolling for win-win cooperation by those involved 
and create a defined resource for all related companies. Its details demonstrated how 
any organisational weakness could be valuable against all the odds.  

Most literature in the RBV are anchored in economic concepts of market influence, 
and while some literature (i.e. Rumelt, 1984; Barney, 1991; Peteraf, 1993) discussed the 
merits and de-merits of resources in a generalised way, the MEC demonstrated another 
context within which a resource can be considered valuable. Porter (1996) says resources 
can only be useful if they can achieve some sort of competitive advantage putting much 
emphasis on the fact that resources should not be imitable. 
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Figure 3.1. Reconciliation of Theories Divergence  
Source: Author’s compilation     

However, the development of the MEC model suggests that, arguably, while it is 
possible to consider a resource inexistent in a short or medium-term, any company can 
redesign some or a few of its processes to create a much-needed potential resource 
efficiently and effectively. More so, institutional forces (i.e. regulations) do not weaken 
companies because all situations have the potential to create unparalleled advantages.  
External stimuli such as regulations can compel some organisations to develop a unique 
array of new capabilities.  
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CONCLUSIONS  
The primary goal of this thesis is to develop an optimised business model in compliance 
with Sulphur Emissions Control Area regulations in the BSR for sustainable solution and 
effective clean shipping policy deployment. The significant inference from the 
interactions with experts is that the sulphur emissions regulations have been able to yield 
significant health benefits for the BSR and may have reduced the potential acidification 
damage that sulphur compounds can cause to the environment. Noteworthy is a general 
agreement that the benefits of reduced emissions far exceed the costs of control 
measures. However, even though the BSR has witnessed commendable compliance 
activities, the success level is not so satisfactory from an economic point of view, 
especially as it relates to the substantial and risky compliance investments. 

 There are still many uncertainties concerning the available compliance options and 
unfortunately, the reduced fuel prices, even though on the one hand being positive have 
made many investments meaningless and wasteful. With the upcoming 2020 global 
sulphur restrictions, demand for the low sulphur fuel oil will increase and the maritime 
industry may yet experience another game changer, which might force an increment in 
the price of the fuel. Beyond that, there might be a shortage in the low sulphur fuel 
supply.  

Along this line, the MEC model, unlike the usual conventional strategies and business 
model concepts, accentuates a mechanism that gives room for financial flexibility and 
scalable investments. With appropriate state-enabling policy, the MEC model can be 
used to boost the maritime industry by shifting the focus of the scrubber technology 
towards selling ‘‘energy solutions’’ and at the same time jump-start a viable private 
sector. The following quote from a report by the World Commission on Environment and 
Development tilted “Our Common Future” summed it up concisely:  

“Yet in the end, sustainable development is not a fixed state of harmony, but rather is 
a process of change where the exploitation of resources, the direction of investments, 
the orientation of technological development and institutional change are consistent 

with the future as well as with the present needs…Painful and radical choices have to be 
made. Thus, in the end,  

Sustainable development must rest on political will.” 
- WCED (1987), Our Common Future 

 
Contributions of Research 
This research has contributed to the body of knowledge in the following ways:  

Theoretical Contributions 
First, the development of the MEC model synthesises the extension of the institutional 
theory to the maritime sector under the new SECA rules. This output further extends the 
classical RBV theory in the light of new institutions into the maritime sector by giving a 
theoretical foundation for institution-triggered innovation of business models, which has 
been a gap in literature until now. The MEC business model extends RBV theory under 
environmental regulations for the maritime sector by incorporating abatement 
technology and the energy service-contracting concept into the existing theory. This 
concept’s advantage is in threefold: (a) it guarantees emissions reduction; (b) it provides 
a business model innovation together with a value proposition for maritime stakeholders 
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to stimulate a sustainable deployment of the SECA regulations and; (c) it opens up a 
potential profitable private sector in the maritime industry.  

Second, using the endogenous growth and new institutional economics theory, the 
work assesses how to reduce the transactional costs for fuel producers and shipowners 
since some results inferences suggested that the build-up of regulatory costs is high and 
risky (article I). The thesis provided a balance for optimised solutions to compliance 
strategies. Furthermore, the need for a reasonable allowance for level playing among 
related stakeholders for regulations was met through a model that provided a flexible 
and scalable compliance expenditure, which empirically demonstrated that regulations 
do not have to be disruptive or expensive.  

Third, work contributes to literature that studied the institutional theory and 
examined how institutional forces (i.e. SECA regulations) influence the sets of actions, 
behavioural patterns and decision-making process of a business sector (article II & III). 
The thesis highlights how SECA regulations are influencing changed behaviour and new 
technologies in the maritime industry in concerted and integrated efforts of multiple 
measures. However, their reactions and actions to these rules are different implying that 
reactions to the same rules and laws can be strategically different within the same sector. 
In other words, even though regulations can influence the goals of similar companies to 
pursue similar routines, they do not necessarily hinder diversified strategies and 
outcomes or result to isomorphism.   

Fourth, the study used the RBV theory to establish a context to which a resource is 
valuable in the maritime environment. The implication of the RBV in this context is that 
all organisations have the potential to convert any entity to a “valuable” resource to gain 
a competitive advantage - even if imitable or substitutable. Implied “weaknesses” can 
pivot opportunities for innovation and do not weaken any company (article IV & V).   

 Additionally, the MEC model advances the conceptualisation of a potential 
interdisciplinary discourse in the energy industry and the maritime industry.  

 Lastly, the thesis contributes empirically to the on-going discussions on the economic 
impact of the SECA regulations. Its findings centralise that even though the SECA 
regulation is expensive, the economic effect is not as adverse on the maritime 
stakeholders as was speculated before the take-off. The new theoretical proposition 
from this conclusion is that the economic impact of the clean shipping regulations may 
be detrimental for a few marginalised stakeholders, but they are industry-specific as well 
as country-specific.  

Practical Contributions   
The thesis contributes to the overall goals of the EU Baltic Sea Region Strategy, i.e. "save 
the sea, connect the region and increase prosperity" by promoting economic 
development in the maritime sector and advocating for equal opportunities for all 
maritime stakeholders (article I). 

Contributes to the EU2020 objectives for blue growth by highlighting the link between 
the maritime stakeholders’ compliance activities and the stimulated innovation that 
stemmed from them for sustainability (article II & III). The study drew out different 
patterns of technological change emanating from clean shipping and SECA and further 
put to rest the anticipated fear that SECA will increase the cost of goods and cause a 
modal shift from marine to land. Even though the ports are still somewhat sceptical, 
maritime stakeholders and policymakers are still able to gain a better understanding of 
investments costs, measures and decisions. The work further displayed the BSR as an 
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incubator and exhibition platform for clean shipping solutions globally. A useful prospect 
at the advent of the 2020 sulphur global cap.  

The thesis shows how the implementation of the MEC model can be linked to a 
business model change for the fuel producers and at the same time allow the shipowners 
to lower freight rates without own financial engagement. This contribution will help to 
increase the capacity of private companies in the maritime sector to make profitable 
investment decisions related to clean shipping (article IV & V). 

The study also contributes to the overall objective of MARPOL Annex VI, EU Sulphur 
Directive 2012/33/EU by providing the economic impacts of shipping in the BSR, their 
economic consequences and the market potential for abatement technologies that will 
be beneficial for the BSR and Europe. 

 Finally, this study, through the creation of the MEC model facilitates collaborative 
problem solving and flexible investment-management among enterprises that can help 
them adjust efficiently to changing market demands and new production technologies. 

Limitations and Future Research 
One of the limitations of this work relates to the low turnout in the BSR-wide survey but 
is overcome through the triangulation of the survey results through the interviews, 
workshops and focus groups. The study did not actively include Lithuania and Latvia 
because the consortium of the project that funded the study did not include participants 
from these countries making the opportunity to have access to needed respondents 
limited. However, part of the study included the Port of Klaipeda, Lithuania. Another 
limitation borders around using only HFO/MGO spread scenario for the MEC modelling. 
Considering other sources of fuels like the LNG will be an interesting perspective for a 
future research.  Further research can also be the measurement of the administrative 
burdens of clean shipping regulations on Maritime industry in the BSR, which is also a 
crucial indicator for clean shipping sustainability.  

Lastly, results showed a very high compliance rate in the BSR and achieved at a short 
period. A future study could also address the reasons for such high compliance rate. The 
consequence for noncompliance was not definite, yet the result was positive.  What does 
value have to do with the compliance rate results and how does it influence or shape the 
belief system of the BSR citizens? The answer to these questions might provide a much-
needed insight regarding compliance culture of the BSR.   
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Abstract 
Business Models in Compliance with Sulphur Emissions Control Area 
Regulations in the Baltic Sea Region 
Transportation of passengers and goods - both within the EU and between Europe and 
other parts of the world is increasing. Congestion, air pollution, energy demand and 
environmental and safety risks are linked to the growing demand for mobility, making 
the need for sustainable transport stronger. Although much of the pollution emitted by 
shipping are deposited over the sea, it does not undermine that fact that it is the most 
significant single source of acidifying and eutrophy fallout on land in many countries in 
Europe. It also contributes significantly to the increased levels of health-damaging 
particulate matter and other emissions in the environment. Because of this, the Sulphur 
Emission Control Area (SECA) was created in May 2005 to enforce a stricter control to 
minimise airborne emissions from ships. This way vessels that operate within SECA                                   
must use fuel with sulphur content of no more than 0.1%w/w from 1 January 2015.  The 
implications of this clean shipping regulation on the activities of the maritime 
stakeholders directly link to the economic decision that will ensue in their efforts to 
comply. 

There are different options available to reduce sulphur emissions in the SECA. 
However, the scope of the research was limited to options of switching to MGO, changing 
to LNG and the installation of the scrubber because they are the most popular options 
for compliance. While many authors already have extensively evaluated the different 
options for the SECA regulations compliance and their costs. There is still a need for 
empirically consolidated results on economic impacts useful for knowledge-based 
investment decision making for shipping stakeholders. Moreso, the actual capacity of the 
stimulated innovation from the various technological solutions for complying with the 
regulations and supporting the maritime businesses and economic growth is still vague. 
Lastly, because regulations compliance means significant investment decisions for the 
stakeholders together with the reality that fuel prices are volatile and unpredictable, it is 
essential to develop market mechanisms for compliance cost reduction. 

The mentioned gaps further exposed an existing theoretical gap for the development 
of business models that can bring a convergence and equilibrium between regulatory 
demands and regulatory compliances with a new rule like the SECA regulations in the 
maritime sector which has been neglected. 

Thus, the objective of this work is to develop an optimised business model in 
compliance with Sulphur Emissions Control Area regulations in the Baltic Sea Region. 

The author used both quantitative and qualitative research methods for the empirical 
gathering of data. Research started from previous studies and reports made on SECA. 
The primary research conducted were face-to-face structured and semi-structured 
experts’ interviews across the BSR, experts’ focus group meetings and workshops and a 
BSR-wide survey.  

Results show that low bunker prices alleviated the economic costs of SECA compliance 
and the BSR is championing clean shipping campaign in the EU. However, the economic 
effect is spread unevenly and is not the same for all stakeholders, which may likely bring 
negative consequences on regional growth and cohesion on smaller regions where jobs 
and income are strictly dependent on maritime companies. At the moment, the popular 
choice for most shipowners is switching to the low sulphur fuel. The use of LNG is 
considered and embraced by some shipowners, but the sustainability is at stake 
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especially since LNG is not finding a use outside marine bunkering. The installation of the 
scrubber is also typical but only preferred for retrofit on old ships. Results from the 
survey show SECA impact on economic parameters like costs, pricing, FDI, cargo flows 
and modal splits are considered negligible. However, significant SECA impacts were 
attributed to innovation and reputation of BSR. Results further showed that the ports are 
somewhat cynical about modal split while shipowners are positive. Country wise, the 
Danish are more positive about the SECA regulation than the Estonians which may be 
attributed to the cultural difference that has to do with “uncertainty avoidance”. The 
work also brought forward different clean shipping related innovative activities as seen 
in the region such as the dual tank engine for vessels and ultra-low sulphur fuel oil. 
Finally, traditional and pragmatic entrepreneurial opportunities were proposed for the 
fuel producers and shipowners for their compliance options. While some of the 
conventional options are risky and expensive, the practical compliance option is an 
enhancing model called the Maritime Energy Contracting (MEC) model that has the 
potential to mitigate the economic effect of the SECA regulations. 

The development of the MEC model is a synthesised (conceptual and empirical) 
mapping of a tool that extended existing organisational theories to the maritime sector 
where a gap exists in the literature.   

Additionally, by providing the economic impacts of clean shipping in the BSR, this 
research is directly supporting the aims of the International Convention for the 
Prevention of Pollution from Ships (MARPOL) Annex VI, Convention on Long-Range 
Transboundary Air Pollution, EU Sulphur Directive 2012/33/EU. Shipowners, other 
marine stakeholders and regulators can also gain a better understanding regarding the 
costs and potentials of using the sulphur reduction measures. 
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Lühikokkuvõte 
Väävli emissiooni kontrolli ala nõuetele vastavad ärimudelid Läänemere 
piirkonnas 

Reisijate ja kaupade transportimine nii Euroopa Liidus kui ka Euroopa ja muu maailma 
vahel suureneb pidevalt. Suureneva mobiilsusvajaduse tulemuseks on ummikud, 
õhusaaste, energianõudlus ning keskkonna- ja turvariskid, mis omakorda suurendab 
vajadust jätkusuutliku transpordi järele. Kuigi suur osa laevadelt pärinevatest 
saasteainetest ladestuvad kõikjal maailmameres, ei saa alahinnata seda kui peamist 
happestumise ja eutrofeerumise allikat, millel on suur mõju ka paljudele Euroopa 
riikidele. Samuti põhjustab laevadelt paiskuv õhusaaste tervistkahjustavate osakeste ja 
ainete kõrgendatud tasemete teket ja teisi keskkonda kahjustatavaid emissioone. Et 
vältida keskkonnaseisundi edasist halvenemist, loodi 2005. a. mais Väävli emissiooni 
kontrolli ala (Sulphur Emission Control Area, SECA) eesmärgiga suurendada kontrolli 
laevadelt õhku eralduvate heitgaaside üle. Seetõttu peavad laevad, mis opereerivad 
SECA piirkonnas, alates 1. jaanuarist 2015 kasutama kütust, mille väävlisisaldus ei ole 
kõrgem kui 0,1%. SECA kui puhta merelaevanduse regulatsiooni tähendus ongi selles, et 
merenduses tegutsevad sidusrühmad siduda majandusliku otsusega, mis omakorda 
toetab nende jõupingutusi keskkonnanõuete järgimisel. 

Väävli emissiooni vähendamiseks SECA piirkonnas on erinevaid võimalusi. Antud 
uurimus hõlmab kolme lähenemist, mis käsitlevad lülitumist madala väävlisisaldusega 
kütusele (MGO-le), veeldatud maagaasi (LNG) kasutuselevõttu ja gaasipesuseadmete 
(scrubber) paigaldamist laevadele. Nimetatud kolm teguviisi on kõige enam levinud 
moodused, et tagada SECA nõuetega ühilduvus. Paljud autorid on oma uurimustes juba 
hinnanud SECA regulatsioonide rakendamise erinevaid võimalusi ja selle kulusid. Siiski 
eksisteerib vajadus uuringute järele, mille hinnangud majanduslike mõjude suhtes 
põhinevad empiirilisel analüüsil, et neid oleks ka laevanduse sidusrühmadel võimalik 
kasutada teaduspõhiste investeerimisotsuste tegemisel. Tegelik stimuleeritud 
innovatsiooni maht, mis tuleneb erinevatest tehnoloogilistest lahendustest ja on 
vastavuses regulatsioonidega ning toetab merendusettevõtlust ja majanduse kasvu, on 
siiani väga ebamäärane. Kuna regulatsioonidele vastavus tähendab sidusrühmadele 
olulisi investeerimisotsuseid koos kütusehindade ebastabiilsuse ja ootamatute 
muutustega, on oluline välja arendada turumehhanismid, mis võimaldaks kulusid kokku 
hoida. 

Ülalmainitud puudujäägid tõid esile praeguse teoreetilise tühimiku selliste ärimudelite 
arendamisel, mis peaksid looma konvergentsi ja tasakaalu seadusandlike nõuete ja 
nende rakendamise vahel. Seda tüüpi nõuded, mida pole varem ärimudelitega seoses 
käsitletud, seonduvad eeskätt väävli emissiooniga merenduses. 

Seega, antud töö eesmärgiks on välja arendada optimeeritud ärimudel, mis vastaks 
Väävli emissiooni kontrolli ala nõuetele Läänemere piirkonnas. Autor kasutas oma töös 
nii kvantitatiivseid kui ka kvalitatiivseid andmekogumismeetodeid. Uurimus algas 
varasemate SECA-ga seonduvate uuringute ja aruannete analüüsist. Põhilised 
uurimismeetodid olid Läänemere piirkonna ekspertide struktureeritud ja 
poolstruktureeritud näost-näkku intervjuud, samuti ekspertide fookusgruppide arutelud, 
lisaks töötoad ning kogu Läänemere piirkonda haarav küsitlus. 

Tulemused näitasid, et madalad punkrikütuse hinnad leevendasid SECA rakendamise 
majanduslikke kulusid ja Läänemere piirkond on Euroopa Liidus puhta merenduse 
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lipulaevaks. Sellele vaatamata jaotub majanduslik efekt ebaühtlaselt ja ei ole kõikide 
sidusrühmadele sama, mis omakorda võib viia negatiivsete tagajärgedeni regionaalses 
kasvus ja väiksemate regioonide sidususes, kus töökohad ja sissetulekud on 
merendusettevõtetest otseses sõltuvuses. Käesoleval hetkel on laevakopaniide seas 
vägagi populaarne ümberlülitumine madala väävlisisaldusega kütustele. LNG 
kasutuselevõttu kaalutakse ja seda on juba teatava osa laevaomanike poolt ka 
rakendatud. Selles suunas liikumist raskendab asjaolu, et LNG-le ei leita kasutust 
väljaspool merendusega seotud punkerdamist. Kütuse väävlisisalduse vähendamiseks on 
samuti levinud gaasipesuseadmete paigaldamine laevadele, kuid see on eelistatud 
lahendus üksnes vanade aluste moderniseerimise korral. Küsitluse tulemused näitavad, 
et SECA mõju sellistele majanduslikele näitajatele nagu kulud, hinnakujundus, FDI, 
kaubavood ja nende jaotumine erinevate transpordiliikide vahel on vähetähtis. Seevastu 
olulised SECA mõjud puudutasid innovatsiooni ja Läänemere piirkonna reputatsiooni. 
Tulemused näitasid samuti, et sadamad on mõnevõrra küünilised transpordiliikide 
eristamise suhtes, seevastu laevaomanikud suhtuvad sellesse positiivselt. 
Riikidevahelises võrdluses ilmneb, et Taani on enam innustunud SECA regulatsioonide 
järgimisest võrreldes Eestiga, mis võib olla seotud kultuuridevaheliste erinevustega ja 
suurema “ebakindluse vältimisega” Eestis. Töö tõi välja samuti erinevad puhta 
laevandusega seotud innovaatilised tegevused nagu näiteks kahe kütusepaagiga alused 
ja ultramadala väävlisisaldusega kütuseõlid. Lõpuks, nõuetele vastavuse tagamiseks, 
pakuti kütusetootjatele ja laevaomanikele välja traditsioonilised ja pragmaatilised 
ettevõtlusvõimalused. Kuigi mõned standardsed mudelid on riskantsed ja kulukad, pakub 
antud doktoritöö välja praktilise SECA nõuetega vastavuses oleva ärimudeli, mida 
nimetatakse Merendusega seotud energia lepingute sõlmimise mudeliks (Maritime 
Energy Contracting, MEC) kui suurima potentsiaaliga meetodi, et leevendada SECA 
nõuete majanduslikku mõju. 

MEC mudel, mis on kontseptuaalse ja empiirilise kaardistamise sünteesi tulemusena 
saadud instrument, laiendab olemasolevaid organisatsiooniteooriaid merendussektori 
tarbeks täites sellega senise teaduskirjanduse tühimiku. Lisaks toob käesolev uurimus 
välja puhta laevanduse majanduslikud mõjud Läänemere piirkonnas, toetab otseselt 
Laevade Põhjustatud Merereostuse Vältimise Rahvusvahelise Konventsiooni (MARPOL) 
6. Lisa, Piiriülese Õhusaaste Kauglevi Konventsiooni ja EL Väävlidirektiivi 2012/33/EU. 
Antud uurimus väävlisisalduse vähendamisega seotud meetmetest on mõeldud 
kasutamiseks laevaomanikele, reguleerijatele ja teistele merendusega seotud 
sidusrühmadele.
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bVQX�cde���fghi��jkl�\��h�jlf���mknfi�\�fl��fo�flfh��pjo\��if�l��pjoojlg\������fgj��m�l�gfqmfl�\�rcs��tlkuifngfmfl������-�+!�4��<C�!:"�*&���+��$���&�$����!;�GHI�86�;!���+��!..!��-� �D��!�<!�*-<�� ����B �:4���*��<<�44��+� ��<!$.��Dv4�.�!<�44�4���*�*!<-$���4>� � 4�:!�C� 4��"4!� ��.� �< ."��" �C�*��!��+��,�B 6-#�w�,�B �!�$����"��$.�<��!;�x!:�,$ 44 !��6+ .. �&y�#��4-��$���4���*�#!*�"" �&�6�����& �4�.�!E�<��4.!�4!��*�5D��+��,-�!.����z�& !��"�{�B�"!.$����|-�*>

sdcd�se}�~��de���]~ec�����r�c~�dcc��ed��s�Y�����d�c�ds��d�s��d�dhlj�f��mkiki���i�lj�j�������������������������������������������������������������������������� ������������¡��¢£¤¢¥����������¦�������¦§����̈�������©�������ª���©��]���j�«jj�m¬f��������������������������������������������������������������������������� ������������¡��¢£¤¢¥����������¦������¦§����̈�������ª���©���
­®W��O
U
̄ RO�°̄±POT�
S��U²Rb
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Appendix 2  
Structured Experts’ Interview Questions
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