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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 (CO,) and particulate matter (PM)
are significantly detrimental to the environment (Corbett & Farrell, 2002; Eyring, Kohler,
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 19" 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 VIl 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).



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 (Wisnicki,
Czermanski, Drozdziecki, 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; Hamaladinen, 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 (Hdmaldinen,
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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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 SO, 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 SO,
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 Qil (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 (Wisnicki 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 (Wisnicki 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 (Bergquvist 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
(Wisnicki 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 (Wisnicki 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).

Scrubber
l—;l
Wet Dry
I ! 1
Open Closed Hybrid
loop loop system

Figure 1.1: The scrubber systems
Source: Adapted from Wisnicki 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; Wisnicki 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 (Bourlés, 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 (Wisnicki 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.
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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.

Evaluation of Interactions with BSR Maritime Stakeholders
(Costs, Investments, Processes, Opportunities)

Quantitative

* Desk top research * Expert interviews

(regional profiles) « Online Surveys * Focus group meetings
* Literature research « Paper Survey * Case studies (new)
* Analysis of older * Workshops

project reports and

case studies

Liter ature Qualitative
review ﬁ
= 000 ———

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 TTU 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 |, Il and lll. 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
Il - “the impact of SECA regulations on clean shipping in the BSR” and Article lll - "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 Il focused primarily on the
differences in sectorial reactions, Article Il 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 Article | observations, case studies, expert interviews
impacts of the SECA
regulations in the Baltic Sea
region? Article Il BSR—wide survey, expert interviews, case
Article Il studies, focus group and workshop meetings
RQ2: How do the SECA Article Il BSR—wide survey, expert interviews, case
regulations influence Article Il studies, focus groups and workshop meetings
innovative activities?
RQ3: How to optimise Article | observation, case studies, expert interviews
business models in compliance
with SECA? Article IV case studies, expert interviews
Article V

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 Il and lll. 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 | 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 toillustrate 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-111).

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 Il & IIl).

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, Nyndshamn, Lysekil (Sweden), Swinoujscie (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 1) 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 Il & Ill) 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 B-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 B-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 B-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 Wartsila 12V50DF - 11.4 MW/machine and a
2 Wartsila 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, Liibeck, 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:

e Reduction of SOx emissions.

e Savings related to investment costs and other costs.

e Creation of jobs and careers.

e  Operational costs reductions.

e Free technology and expertise backing for the shipowners.

e Flexible investment option for the fuel company.

e Higher margin for the fuel production company.

e Customised contracts.
Using the Osterwalder (2004) business development model (table 3.1 & article V), 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
MEC Model

Business model block

Company’s Model

Key partners

Bunker traders

Financial houses, scrubber producers,
maintenance companies, ship
operator/shipping company/shipping
operators and other fuel producing
companies

Key activities

Fuel production

Fuel production. Sales will become service

and sales driven (i.e. new solution services to sulphur
emission compliance), maintenance and
data information exchange and information
management
Key resources Physical Physical infrastructure, i.e. production,

infrastructure, e.g.

production and
warehousing

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

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)

Major customers

Bunker traders

Shipowners/shipping companies/ship
operators

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

Channel of
distribution

Own logistics,
third party

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

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

Revenue streams

Sales

Sales, banks and services charges from
negotiation, risk planning, savings sharing,
liguidation fees and so on

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
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system. Lastly, the revenue streams, mostly from selling fuel will include service charges.
The MEC price is:

MEC Price = Fuel price + Scrubber costs + Adjustments

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.
Procedures for a continuance of contract.
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
Il & I1l), 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
empbhasis on the fact that resources should not be imitable.
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to isomorphism

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 1). 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 Il & Il1).
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 Il & IIl). 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.

47



Lihikokkuvote

Vaavli emissiooni kontrolli ala nouetele vastavad arimudelid Lédnemere
piirkonnas

Reisijate ja kaupade transportimine nii Euroopa Liidus kui ka Euroopa ja muu maailma
vahel suureneb pidevalt. Suureneva mobiilsusvajaduse tulemuseks on ummikud,
Ohusaaste, energiandudlus ning keskkonna- ja turvariskid, mis omakorda suurendab
vajadust jatkusuutliku transpordi jarele. Kuigi suur osa laevadelt péarinevatest
saasteainetest ladestuvad kdikjal maailmameres, ei saa alahinnata seda kui peamist
happestumise ja eutrofeerumise allikat, millel on suur mdju ka paljudele Euroopa
riikidele. Samuti pShjustab laevadelt paiskuv Shusaaste tervistkahjustavate osakeste ja
ainete korgendatud tasemete teket ja teisi keskkonda kahjustatavaid emissioone. Et
valtida keskkonnaseisundi edasist halvenemist, loodi 2005. a. mais Vaavli emissiooni
kontrolli ala (Sulphur Emission Control Area, SECA) eesmargiga suurendada kontrolli
laevadelt 6hku eralduvate heitgaaside Ule. Seet6ttu peavad laevad, mis opereerivad
SECA piirkonnas, alates 1. jaanuarist 2015 kasutama kitust, mille vaavlisisaldus ei ole
korgem kui 0,1%. SECA kui puhta merelaevanduse regulatsiooni tahendus ongi selles, et
merenduses tegutsevad sidusriihmad siduda majandusliku otsusega, mis omakorda
toetab nende joupingutusi keskkonnanduete jargimisel.

Vaavli emissiooni vdhendamiseks SECA piirkonnas on erinevaid vdimalusi. Antud
uurimus holmab kolme |ahenemist, mis kasitlevad lilitumist madala vaavlisisaldusega
kitusele (MGO-le), veeldatud maagaasi (LNG) kasutuselevGttu ja gaasipesuseadmete
(scrubber) paigaldamist laevadele. Nimetatud kolm teguviisi on kdige enam levinud
moodused, et tagada SECA néuetega Ghilduvus. Paljud autorid on oma uurimustes juba
hinnanud SECA regulatsioonide rakendamise erinevaid vdimalusi ja selle kulusid. Siiski
eksisteerib vajadus uuringute jarele, mille hinnangud majanduslike mdjude suhtes
pbhinevad empiirilisel analiiiisil, et neid oleks ka laevanduse sidusriihmadel vdimalik
kasutada teaduspdhiste investeerimisotsuste tegemisel. Tegelik stimuleeritud
innovatsiooni maht, mis tuleneb erinevatest tehnoloogilistest lahendustest ja on
vastavuses regulatsioonidega ning toetab merendusettevétlust ja majanduse kasvu, on
silani vaga ebamadrane. Kuna regulatsioonidele vastavus tdhendab sidusriihmadele
olulisi investeerimisotsuseid koos kitusehindade ebastabiilsuse ja ootamatute
muutustega, on oluline védlja arendada turumehhanismid, mis voimaldaks kulusid kokku
hoida.

Ulalmainitud puudujssgid tdid esile praeguse teoreetilise tiihimiku selliste drimudelite
arendamisel, mis peaksid looma konvergentsi ja tasakaalu seadusandlike nduete ja
nende rakendamise vahel. Seda tiilipi nduded, mida pole varem drimudelitega seoses
kasitletud, seonduvad eeskatt vaavli emissiooniga merenduses.

Seega, antud t66 eesmargiks on vilja arendada optimeeritud drimudel, mis vastaks
Vaavli emissiooni kontrolli ala nduetele Lidnemere piirkonnas. Autor kasutas oma t60s
nii kvantitatiivseid kui ka kvalitatiivseid andmekogumismeetodeid. Uurimus algas
varasemate SECA-ga seonduvate uuringute ja aruannete anallilsist. Pohilised
uurimismeetodid olid L3aanemere piirkonna ekspertide struktureeritud ja
poolstruktureeritud ndost-ndkku intervjuud, samuti ekspertide fookusgruppide arutelud,
lisaks t66toad ning kogu Ladanemere piirkonda haarav kisitlus.

Tulemused naitasid, et madalad punkrikituse hinnad leevendasid SECA rakendamise
majanduslikke kulusid ja Ldanemere piirkond on Euroopa Liidus puhta merenduse
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lipulaevaks. Sellele vaatamata jaotub majanduslik efekt ebatihtlaselt ja ei ole k&ikide
sidusrihmadele sama, mis omakorda vdib viia negatiivsete tagajargedeni regionaalses
kasvus ja vaiksemate regioonide sidususes, kus tookohad ja sissetulekud on
merendusettevitetest otseses soOltuvuses. Kdesoleval hetkel on laevakopaniide seas
vagagi populaarne Umberlllitumine madala vaavlisisaldusega kiitustele. LNG
kasutuselevdttu kaalutakse ja seda on juba teatava osa laevaomanike poolt ka
rakendatud. Selles suunas liikumist raskendab asjaolu, et LNG-le ei leita kasutust
véljaspool merendusega seotud punkerdamist. Kiituse vaavlisisalduse vahendamiseks on
samuti levinud gaasipesuseadmete paigaldamine laevadele, kuid see on eelistatud
lahendus lksnes vanade aluste moderniseerimise korral. Kisitluse tulemused néitavad,
et SECA mdju sellistele majanduslikele naitajatele nagu kulud, hinnakujundus, FDI,
kaubavood ja nende jaotumine erinevate transpordiliikide vahel on vahetahtis. Seevastu
olulised SECA mojud puudutasid innovatsiooni ja Lddanemere piirkonna reputatsiooni.
Tulemused naditasid samuti, et sadamad on monevdrra kilinilised transpordiliikide
eristamise  suhtes, seevastu laevaomanikud suhtuvad sellesse positiivselt.
Riikidevahelises vordluses ilmneb, et Taani on enam innustunud SECA regulatsioonide
jargimisest vorreldes Eestiga, mis voib olla seotud kultuuridevaheliste erinevustega ja
suurema “ebakindluse valtimisega” Eestis. T66 tdi vdlja samuti erinevad puhta
laevandusega seotud innovaatilised tegevused nagu naiteks kahe kiitusepaagiga alused
ja ultramadala vaavlisisaldusega kiitusedlid. Lopuks, nGuetele vastavuse tagamiseks,
pakuti kitusetootjatele ja laevaomanikele vilja traditsioonilised ja pragmaatilised
ettevdtlusvdimalused. Kuigi moned standardsed mudelid on riskantsed ja kulukad, pakub
antud doktorit6d valja praktilise SECA nduetega vastavuses oleva arimudeli, mida
nimetatakse Merendusega seotud energia lepingute solmimise mudeliks (Maritime
Energy Contracting, MEC) kui suurima potentsiaaliga meetodi, et leevendada SECA
nduete majanduslikku maju.

MEC mudel, mis on kontseptuaalse ja empiirilise kaardistamise silinteesi tulemusena
saadud instrument, laiendab olemasolevaid organisatsiooniteooriaid merendussektori
tarbeks taites sellega senise teaduskirjanduse tihimiku. Lisaks toob kaesolev uurimus
vdlja puhta laevanduse majanduslikud m&jud Ladnemere piirkonnas, toetab otseselt
Laevade Pohjustatud Merereostuse Viltimise Rahvusvahelise Konventsiooni (MARPOL)
6. Lisa, Piirililese Ohusaaste Kauglevi Konventsiooni ja EL Vaavlidirektiivi 2012/33/EU.
Antud uurimus vaavlisisalduse vdhendamisega seotud meetmetest on mdeldud
kasutamiseks laevaomanikele, reguleerijatele ja teistele merendusega seotud
sidusriihmadele.
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Abstract

The International Maritime Organization (IMO) and the European Parliament (EP) in 2005
and 2012 established Sulphur Emission Control Areas (SECA) in Northern Europe where from
2015 ships must use fuel with a sulphur content not exceeding 0.1% and 3.5% in non-SECAs.
This has spurred active discussion that the regulation has created economic disadvantages for
maritime stakeholders who must comply with strict regulations that competitors in other
parts of the world are not subjected to.

Through a case study, this work investigates the impact of environmental regulations on
the business model of the maritime supply company Viru Keemia Grupp (VKG), which is of
national importance to the Estonian economy, especially in the eastern region. It explores the
strategic entrepreneurial compliance options for VKG based on their return on investments
and associated risk. The findings show that VKG is currently struggling to keep afloat under
the weight of the consequences of changes in maritime consumer demand due to sulphur
emission regulations and that the most viable compliance options are expensive and risky.
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1. Introduction

By carrying approximately 90% of the world’s cargo, shipping plays an important role in
international trade and the world economy (Unctad, 2015). Unfortunately, in the process of
doing this, it releases harmful emissions such as carbon dioxide (CO,), sulphur oxides (SOx),
ozone depleting substances (ODS), volatile organic compounds (VOC) and nitrogen oxides
(NOx) (Jiang, Kronbak, Pil, and Christensen, 2014). International legislation on clean shipping
was strengthened because of this and emissions legislation in various nations were further
harmonised to make it difficult for the shipping industry to operate without cognisance of the
environment (NSF, 2008). There have been several regulations from the Marine Environment
Protection Committee (MEPC) aimed at reducing emissions of toxic substances from burning
fuel oil which are the main causes of air pollution from ships (IMO, 2015, annexe 1). These
emissions are also harmful especially in terms of their social costs to the environment
(Notteboom, 2010). One of the significant benefits of environmental improvements is the
reduction of the acidification damage to ecosystems, which is expected to improve the standard
of living, making it very easy to choose between the long-term cost of taking no action to
reduce air pollutant emissions from ships and the short-term cost of implementing control
measures (AirClim, 2011).

The sulphur emissions regulation - “Regulations for the Prevention of Air Pollution from
Ships” was imposed during the sixth annexe of the MARPOL (International Convention for
the Prevention of Pollution from Ships) Convention of the International Maritime Organization
(IMO). It was first adopted in annexe VI of MARPOL, 35, in 2005 through the creation of
Sulphur Emission Control Areas (SECA) limiting sulphur emissions in these areas at no more
than 1.5% (15,000 parts per million (ppm)). SECAs represent about 0.3% of the world’s water
surface and include the North Sea, the English Channel (together with the coastal waters
around the USA and Canada) and the Baltic Sea region (BSR) (IMO, 2008). This regulation
also applies to other airborne emissions like NOx, ODS and VOC from 1 January 2015, that
sulphur emissions from ships in SECAs cannot be more than 0.1% (1,000 ppm) (IMO, 2014).

On 1 January 2012, MARPOL annexe VI also enforced a new global SOx cap for marine
bunker fuels from 4.5% (45,000 ppm) to 3.5% (35,000 ppm) for all ships that operate in non-
SECAs (IMO, 2015). At the MEPC 70th session held in London in October 2016, the SOx for
bunker fuel was lowered yet again to 0.5% (5,000 ppm) from 2020 (IMO, 2016). This means that
irrespective of the outcome of the IMO review in 2018, a ship does not have to operate in a
SECA before it must pay attention to the sulphur content of the fuel it uses. In order to increase
life expectancy and protect the EU environment by reducing acid rain and particulate matter,
which are dangerous to human health, the EU shipping regulations have also included waters
and ports in the EU (Directive 1999/32/EC amended in Directive 2012/33/EU), which sets EU-
sulphur limits the same as in SECAs. This also includes any vessel at quays in EU ports whether
it falls in SECA or non-SECA.

Since the introduction of SECAs, significant changes have been seen with the vessels that
operate in the Baltic Sea who now use fuel that is low in sulphur content (Bergqvist, Turesson,
and Weddmark, 2015). Despite the seemingly good changes witnessed, there have been
discussions on how the sulphur regulation seems to have somewhat created economic
disadvantages for maritime stakeholders who must comply with strict regulation which
competitors in other parts of the world are not subjected to (Notteboom, 2010). Another flank
of the argument is the possibility that the regulations will weaken the competitiveness of
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European maritime transport especially in the modal shift of cargo flows from marine
transport to inland transport routes (Wiénicki, 2014; OECD/ITF, 2016). It has already been
speculated that the implementation will cost the maritime sector between €2.6 billion and €11
billion by 2020 (AirClim, 2011).

Normally, affected companies respond to regulations by changing their strategies to
include the compliance activities as well. Some of their responses are embedded in activities
such as research and development, expansion, equipment upgrades and processes triggering
discussions on the impact of sulphur regulations on maritime stakeholders. There is still
limited information available on the economic impacts of the regulation on some minority
stakeholders such as fuel supply companies for knowledge-based and economic decision-
making for shipping stakeholders. Maritime fuel producers in recent times have been plagued
by downward price fluctuations alongside the usual sector challenges of speculations and
economic forecasts, conflicts in different parts of the world, production estimates from the oil
producing countries, stock levels, seasonality, weather and accidents (Nugraha, 2009). Fuel
producers now have to deal with producing Marine gas oil (MGO) and Marine distillate oil
(MDO) which are distillate oils and expensive to refine (Notteboom, 2010).

This study explores the economic impact associated with sulphur emissions regulations
and by extension the SECA regulation on maritime enterprises. It uses the case of Viru Keemia
Grupp AS (VKQG), one of the largest Estonian companies and a producer of shale oil, which has
a sulphur content that exceeds both SECA and global sulphur emissions limits. Up until 2015,
VKG was able to produce shale oil as a bunker fuel without restraints. Due to the strict
MARPOL regulations, the company is presently faced with the challenge of producing the
stricter sulphur reduction to 0.5% from the 0.8% sulphur content fuel. In order to meet the
demands of the new regulations and survive in a highly competitive market, going forward,
VKG must make tough and strategic business decisions linked to high investments and serious
financial risks in the maritime fuel market, since successful value propositions are said to be
embedded in great business models (Osterwalder and Pigneur, 2009).

The objective of this study is to assess the economic impact of sulphur regulations on the
business processes of a maritime stakeholder in the Baltic Sea Region (BSR). It uses VKG, a
maritime fuel supplier as a case for studying the possible strategic entrepreneurial compliance
options for VKG based on the return on investments and associated risks. By using elements
of the business model and in light of the summary by Panagakos (2014) that the new regulation
should encourage entrepreneurial innovation for business growth, this study probes VKG
business activities as they relate to the sulphur directives by focusing on these research
questions: What are the economic implications of the sulphur emission regulations for VKG’s
business activities? What are the strategic compliance options available for VKG? How
attractive are these options for the sustainability of VKG?

This paper is organised as follows: Section II discusses the sulphur regulations and the
activities of the maritime sector stakeholders in their bid to comply with the environmental
stipulations. It also provides a theoretical analysis of the impact of accumulated regulations on
the business activities of enterprises using endogenous growth and strategic management
theories. Section I1I describes the methods used for this research. Section IV highlights VKG’s
business processes, its challenges, how it is coping with the sulphur and other environmental
regulations as well as suggested strategic options for VKG’s continued success together with
the risks associated with each investment. Section V discusses the implications of the results
and Section VI concludes.



OLANIYI « VIIRMAE

2. Literature Review

2.1. Sulphur Regulations and Compliance Options for Maritime Sector Stakeholders

Environmentally-induced regulations usually spark many interests. One of the significant
benefits of regulations for improving the environment, such as the sulphur regulations, is the
reduction of the acidification damage to ecosystems, which is expected to reduce respiratory
and cardiovascular diseases and increase life expectancy (AirClim, 2011). Some studies
reported that international shipping produced about 80 times more SOx emissions than
aviation in 2000 (OECD/ITF 2016). Sulphur dioxides (SO,), one of the compound states of
SOx, is described as a colourless toxic gas formed by burning sulphur in air through different
processes like manufacturing, shipping, aviation or volcanic processes. As a reactive gas, SO,
reacts with other compounds to form secondary particles that have bad consequences for the
health of inhalers (Duke Energy, 2016). This makes it very easy to rationally choose between
the short-term cost of control measures and the long-term cost of taking no action to reduce
air pollutant emissions.

Usually, regulations accumulate over many years, piling up over time. The build-up of
regulations over time often leads to constraints on different stakeholders and sometimes
complicates and distorts the decision-making processes of stakeholders operating in such an
economy. In its efforts to reduce the compliance costs, the European Commission has put
forward a set of measures and has expressed its support for the promotion of innovations for
new abatement technologies (IMO, 2013). Maritime stakeholders like ship operators and
ports have also been forced to look for innovative ways to adhere to the stipulation of
emission reductions from ships and at the same time stay afloat profit wise (Wisnicki, 2014).
On the other hand, ship equipment vendors are venturing into ways of increasing their
capital base and gain new business opportunities (EfficienSea2, 2016). Principally, two paths
exist for the shipping industry to comply: one is the switch to low sulphur fuels, including
LNG and other alternative fuels, or to install exhaust gas cleaning devices - scrubbers in
ships (Brynolf et al., 2014).

Seemingly, the easiest solution to the sulphur emission regulation will be the complete
change of the use of fuel to low sulphur fuel. However, according to the OECD/ITF (2016),
approximately 80% of total bunker fuel is heavy fuel oil (HFO) with sulphur content that is
higher than allowed in SECAs. One option for complying with the sulphur regulation will be
for ships to travel with more expensive and cleaner low sulphur fuel (marine diesel oil (MDO)
— a distillate oil, or marine gas oil (MGO) - a higher grade distillate oil that can be treated to
reach a maximum sulphur content of 0.1% for short sea shipping in SECAs. However, ships
that sail on other waters other than SECAs have the option of using higher sulphur content
fuels rather than the 0.1% sulphur fuels mandatory for SECA, whenever they are out of SECAs
(IMO, 2015). The use of the low sulphur content fuel does not require any major investments
in remodelling ships, except minor adjustment to tanks and engines. And large ships could
choose a hybrid solution that would allow them to switch between high- and low-sulphur fuels
whenever they are within a SECA (Bergqvist, et al., 2015). It is noteworthy to point out that
distillate fuels do not just serve as just a good option for SECA regulation compliance. They
have other beneficial qualities such as a high thermal value that reduce engine wear and the
need for frequent engine maintenance and reduced fuel consumption due to the higher energy
content resulting in less sludge onboard ships (OECD/ITF 2016).
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Liquefied natural gas (LNG) is another type of low sulphur content fuel that has arguably
been widely accepted as a promising energy source for shipping in order to solve the sulphur
content dilemma. LNG is less costly when compared to distillate oil and heavy fuel oil; however,
the costs of distributing LNG to ports and ships is very high and depends on the distance of the
port from the LNG import terminals, which is the method of distribution for LNG volumes
(Brynolf et al., 2014). Ships also need to be converted to be able to use the LNG fuel. The
conversion costs, for example, for a 19,000-tonne Great Lakes bulk carrier is estimated to be
USD 24 million (Carr and Corbett, 2015). This high initial cost makes LNG retrofitting less
cost-competitive when compared to other options. Apart from the initial costs, there are other
added costs like the opportunity costs and a large space required for the LNG fuel tanks.
Although it is claimed to completely remove shipping emissions like sulphur, particulate
matter, NOx by approximately 90% and CO, by 20-25%. It has the negative side effect of
methane slip - the emission of non-combusted methane. There are no conclusive studies on
the effect of this element yet, but there is a good reason for a careful consideration of its use, the
rationale for this is that it might lead to the introduction of a new problem while trying to solve
another (Skold, 2012).

The second abatement option is the use of the scrubber. This is a flue gas desulfurization
(FGD) technology, which removes or “scrubs” SO, emissions from the exhaust gas. Traditionally,
the principle behind the scrubber is the reaction of slake lime — Ca(OH), (a white caustic
alkaline substance consisting of calcium oxide). When SO, combines with limestone and water
with the production of heat the primary by-product is calcium sulphate (CaSO,, CaSO,)
commonly known as synthetic gypsum - a recyclable product used in the manufacturing of
wallboard and cement, and as a soil improver in agricultural and construction applications
(Duke Energy, 2016; EfficienSea2, 2016).

The chemical reactions behind the use of scrubbers:

Ca(OH), + SO+ 1120, = CaSO, + 2H,0 )
Ca(OH), + SO, > CaSO, + H,0 7)

A ship scrubber is a cleaning system that removes sulphur from the exhaust of ships that use
heavy fuel oil (HFO). Through some technical consideration and upgrades, there are currently
two major types of scrubbers: The dry and the wet scrubbers (Brynolf et al., 2014).

The Dry scrubbers reduce sulphur through chemical reactions that bound SOx to calcium
hydroxide in granules to form calcium sulphate in a solid state as stated above. In the past, the
dry scrubbers used to be popular for their use in power plants, but recently although not so
common some of these scrubbers have been installed on ships (EfficienSea2, 2016).

The Wet scrubbers absorb sulphur oxides in water and are more popular and mostly
installed on ships. There are three types of wet scrubbers and are differentiated by the type of
water they used to absorb the sulphur oxide from the exhaust. They are open loop scrubbers,
closed loop scrubbers and hybrid scrubbers.

Open loop scrubber systems, also called Seawater scrubbing uses the natural alkaline
characteristic of sea water to neutralise the acidic exhaust gases. It absorbs the SOx molecules
through the seawater, and then discharges the water back into the sea after extraction, storing
the sludge which is discharged at port waste facilities. Closed loop scrubber systems, also
called freshwater scrubbing, uses caustic soda (NaOH) to create a chemical reaction that
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absorbs the sulphur emission from the exhaust gas. It makes scrubbing possible in shallow and
fresh waters that lack sufficient alkaline seawater to buffer the SOx in the exhaust gas. In this
system, sodium hydroxide, an alkaline substance, is used to wash out the SOx from the exhaust
gas by reacting on its own with a sulphuric product (Bergqvist, et al., 2015). Because of its
closed nature, the wash water is continuously recycled making it necessary to have additional
equipment like a process tank, sodium hydroxide storage, cooling and other storage tanks on
board. The rate of Sodium hydroxide solution use is approximately at a combustion enthalpy
of 6L/MWh/(ha.a) and stored according to the quantity needed for the entire voyage
(EfficienSea2, 2016). The closed loop system prevents the sediment building up in filters, while
the sludge is treated as with the open loop system. The Hybrid scrubber system combines the
technologies of both the open and closed loop systems and is more flexible to use because it is
able to switch depending on the alkalinity of the water. However, its installation is more
complex and costly (OECD/ITF, 2016).

The initial investment costs of scrubbers range from €4 to €8 million per ship. The cost
depends on certain features such as ship type, scrubber type and new build versus retrofit. In
addition, apart from the initial investment, operating the scrubbers increases the rate at which
the engine consumes fuel and is estimated to increase between 1-3% (EMSA, 2010). The
scrubber needs space for installation and extra space for the equipment for the wash water,
piping systems and monitoring on the ship, making it possible to use the scrubbers only in
large vessels (Bergqvist, et al., 2015).

2.2. Endogenous Growth Theory and the Ripple Effect of Accumulated Regulations

Endogenous growth theory builds on the premise that the economic growth of a country is
primarily dependent on decisions made by actors in the economy—firms and individuals—
rather than on external factors (Barro, 1991). Because productivity growth plays an important
role in any economy, any distortions that adversely affect entrepreneurial activities have great
significances for the growth of any economy (Solow, 1994). The innovation that stems from
these activities is the key driving factor for economic grow and social wealth. Innovative
products and services emerge more often as a result of a cross-sectorial combination of
technologies, design and business models (Olaniyi and Prause, 2016). In other words, the
general well-being of the economy of any nation is directly proportional to the growth of the
markets therein (Barro, 1991). There have been a lot of debates on the impact of government
policies and regulations on national growth. Barro (1991) explained that regulations generally
introduce distortions, such as high tax rates, spending, or heavy investments, which do not
provide compensating incentives but give room for price and markets alterations that are
investment deflators and negatively related to market growth.

Furthermore, there are debates that regulations have cumulative effects. Supporting this
theory, Jaffe, Peterson and Stavins (1995) have said that regulatory decisions are too time-
consuming and are often characterised by litigation and other legal power struggles that last
for decades with more policies being added to the existing ones leading to what they called
“transition costs”. Regulatory interventions impact investment choices, which ultimately have
a great effect on the economy because the build-up of regulations over time often leads to
duplicative, conflicting, and even contradictory rules, and the multiplicity of regulatory
constraints complicates and distorts the decision-making processes of companies or
stakeholders operating in such an economy (Martin and Sunley, 1998). Affected companies
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usually respond to individual and accumulated regulations by changing their innovation
strategies, which are embedded in activities such as research and development, expansion,
equipment upgrade and processes (Bourles, 2013). Rebelo (1991) claimed regulations can be
considered the major cause of a decrease in productivity. He used the ratio of outputs (goods
and services) divided by the inputs (resources such as labour and capital) as the definition of
productivity of affected companies to support this argument. He explained that invariably the
productivity of the affected companies would fall because the measured inputs of capital,
labour, and energy will be deviated to the production of an additional output (i.e. regulation
compliance) or result in inconclusive investment decisions that were not originally included in
conventional measures of output/productivity.

New Institutional Economics (NIE) theory, which emphasises that the economic
development of a country is governed by its institutions (Coase, 1998), can be used to support
this view. Its overview depicts a strong interdependence between institutions and the collective
character of a nation. NIE uses an economics perspective to focus on “social and legal norms”
and “institutions” and how these elements affect the economic activities of a system (country)
(Eggertsson, 2013). However, in NIE, “institution” does not mean organisations like
government agencies, industrial associations, corporations, hospitals, and so on, but is defined
as the “active rules” (e.g. laws, customs, regulations) of a social game where the players are
particular actors and their respective governing bodies (Coase, 1998).

A key feature of this theory is that institutions involve transaction costs (enforcement of
contract) that are often undermined during the process of institution creation (Eggertsson,
2013). The purpose of every institution is to provide an established set of expectations for both
the actors and their governing bodies, but more often than not, these institutions and their
enforcement instruments create limitations that reduce or prevent their total success (Nabli &
Nugent, 1989). Transaction costs in NIE can be referred to as regulation compliance costs and
the summary of this perspective is that transaction costs are expensive. Transaction costs often
interfere with the effective administration of any institution. In his work “The Problem of
Social Cost”, Coase (1960) argued that low transaction costs would have a lower impact on the
productivity level of any given institution (regulations). The use of the approach taken by NIE
to endogenous growth theory can be applied to the gap between regulations (institutions) and
compliance (transaction costs), which always reduces productivity. Regulations impose large
direct and indirect costs on the stakeholders or even more on society. This makes it imperative
to balance the cost-benefit of any regulation by identifying and implementing flexible and
cost-effective regulatory instruments, whether conventional or the newer kind of market-
based interventions because if businesses are constantly subjected to avoidable expenses and
investments it could lead to societal waste (Blind, 2012). Jaffe et al. (1995) pointed out that
innovation will always divert resources to R&D, and that environmental regulations could
especially significantly affect productivity when the costs associated with reduced investments
is considered.

In a different light, Solow (1994) argued that irrespective of the distortion any regulation
might bring, every economy depends on investments in knowledge creation like research and
development and how or the manner in which they lead to the innovation that creates
productivity. Economic competitiveness also depends on strong links between research,
innovation and actors in an industry (Olaniyi and Reidolf, 2015). This means that theoretically,
companies that are imposed upon by regulations are forced to invest in more resources in the
production process and although the “production” of new technology may require high
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financial input sometimes this may yield high returns. Another inference from this is that the
impact of government intervention on economic growth is not simply the sum of the direct
and indirect costs associated with each regulation. The OECD (2005) explained that even
though enterprises are constantly subjected to a series of requirements and obligations through
regulations, regulations should not be seen in a negative light, as these obligations are necessary
legal impositions in order to regulate the manner in which businesses are being conducted that
consider the plight of society. Regulations may sometimes not bring financial gains and
sometimes not for everybody, but they create a stability which invariably is connected to wider
macroeconomic benefits such as GDP increases, competitiveness and productivity effects and
other intangible benefits, such as the protection of fundamental rights, social cohesion,
international and national stability, and the economy status of any nation (Renda, 2013). It is
important, therefore, that while the benefits of regulations are being analysed, the economic
impact, compliance costs, as well as the administrative burden of such additional rules, are
also measured (Repetto, 1990). Earlier in 2016, before the new sulphur global cap was confirmed
OECD/ITF studies had shown that if the 0.5% global sulphur cap was considered, the cost
impact of the regulations will be substantial with increases up to 7.5% in agricultural goods,
3.5% in manufactured goods and 16.4% for industrial raw materials. Since maritime transport
costs make up a substantial share of the value of traded goods, this may likely translate into
increases in the costs of traded goods.

2.3. The Craft of Strategic Management in Sulphur Emission Regulations Compliance

From the summations of endogenous growth and NIE theories, it will not be gainsaying to
imply that compliance with government regulations often leads to the dilemma of investment
choices. A lot of the costs embedded in regulations are direct such as capital investments and
operational costs. There are also indirect costs such as the costs associated with new and
changed personnel, materials purchased, legal costs, paperwork and the like. A single
investment choice made per year has the ability to affect the proceedings of future years. Any
wrong investment decision can cause an adverse setback, so also can indecision. The strategic
decision that is made and the actions that follow by related enterprises are therefore crucial.

According to Porter (1996), because of the ever-evolving markets and demands, the aim of
strategic management is to create the future by visualising a company’s horizon, planning for
the long term, analysing market changes and creating sustainable competitive advantages.
Another study, Guohui and Eppler (2008), explained that strategic management creates
innovative strategies that are capable of building a market position that is sustainable despite
the uncertainties of the fast changing environment, potent competition, and internal
challenges. Furthermore, based on the premises of Doz and Kosenen (2010), enterprises need
to have the strategic ability to transform their business models if they want to pursue strategic
innovation through the process of formulating, implementing and evaluating managerial
actions, making strategic management a craft rather than a science (Noble, 1999). This means
focusing on continuous adaptation and improvement that is constantly evolving in ways that
put the actors in an active situation rather than in a reactive state (Eisenhardt & Brown, 1998).
Chesbrough (2010), elucidated that companies with discovery driven attitudes could model
their market uncertainties to their advantage. This involves a number of critical steps including
scanning the environment for information, selecting relevant data and interpreting it, building
a strategic model, testing it and putting it into action (Cray and Mallory, 1998).
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The “scanning of the environment for information, selecting relevant data and interpreting
them” are some of the bases on which the SWOT analysis is built. For this work, the SWOT
analysis will serve as part of the creative strategies for programme-building, evaluation,
financial appraisal, and ultimately for implementing or action planning at VKG. The SWOT
outcome will enable the company to leverage this strategy with its inherent strengths through
opportunities in the environment, and at the same time, exposing its weaknesses. This will be
in line with Piercy and Giles (1998) summation that SWOT uses a knowledge of the company’s
threats to calculate its risk so that actions are taken to mitigate, exploit, avoid any adverse
effects and remove the helplessness that comes with the burden of constant changes in the
market environment.

The strategic management process also ensures that plans evolve into actions and are
executed in a manner that accomplishes the stated objectives and that the resulting committed
resources achieve the intended returns (Guohui and Eppler, 2008). One critical challenge for
companies implementing regulations and policies, such as the sulphur emission regulations, is
the gap between the transformation of investment decisions that stem from regulation
compliance, and the investment returns that should ensue in its wake. In principle, compliance
to regulations could lead to wide and abiding transformations, but it also has the potential to
bring deep risk constraints in their implementation. This is important to note because
sometimes the best-formulated strategies may fail to yield the intended result if they are not
successfully implemented. It is not surprising that, after a strategic option is put forward, there
are usually significant difficulties in the implementation process (Chesbrough, 2010). One of
the difficulties in implementing the sulphur emission regulation is in investment choice for
compliance.

Taking on an investment does not necessarily translate into the best of returns. It is also
difficult to separate the quest for best returns and the associated risk exposure. Investments are
usually long-term, so must be carefully chosen, diversified into a broad variety of asset classes
(portfolios) and further adjusted to match the company’s strategic aims and objectives. As
time goes by, these goals will change dynamically to match the volatility of the environment.
Consequently, the risks are further adjusted by reviewing the company’s tolerance for any
volatility that has occurred. Therefore, portfolios can be described as a range of investments
held by any company to fulfil its strategic goals (Shipway, 2009).

The portfolio selection method used in this work is based on the theory that investors
should focus on selecting optimal portfolios as opposed to optimal assets so as to minimise the
risk of a given level of expected return. In order to understand the properties of multiple
portfolios, there is a need to know the average figures of highly correlated outcomes from these
portfolios. The results of portfolio analysis are logical consequences of its information
concerning the intending investments (Markowitz, 1991). The principle of portfolio selection
entails three factors; the expected return, the risk associated with the elements of the portfolio
and the correlation between each element of the portfolio (Shipway, 2009).
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3. Methodology

3.1. Study design

This study explores the activities of a maritime fuel company in Estonia, in the Baltic region of
Europe (VKG) with the aim of studying how its business activities were affected as a result of
the sulphur emission regulation and by extension the SECA regulations. VKG was used as a
single study unit since a case study is a type of research, which investigates an individual,
community or group to answer a specific question by seeking evidence that lies in the case
setting (Gillham, 2000).

Between September and November 2016, data were collected from the company’s records
and the yearly financial statement of the company. Face to face structured interviews was
conducted in October 2016 with the company’s director of sales and the product development
manager. Each interview lasted 2 hours and 3 hours respectively. The first part of the interviews
focused on the VKG business model using the Osterwalder and Pigneur (2009) business
canvas. This was done to gain insight into VKG’s key business activities, key partners, key
resources, value proposition, customers and customer relationships, distribution channels,
cost structure, revenue streams and innovation activities. This information was also used to
build the VKG profile. The second part of the interview was based on VKG’s sulphur emissions
regulations related activities if any, and the actions VKG is taking or planning to take in the
future as a result of the change in market demand.

3.2. Data verification and analysis

A day of detached observations of the company’s activities was conducted together with a tour
of the production site for some first-hand experience. During this, the authors had several
interactions with VKG employees from the administration and production department. In
order to triangulate the data and to gather a richer contextual description needed for exploring
the case according to Miles and Huberman (2014), additional information and clarifications
were further accessed through email interactions with the company’s certified respondent.
Care was taken to look out for discrepant data especially between the records, interviews,
interactions and the observation processes.

To provide an account of the company in order to generate a VKG profile, a descriptive
analysis of the interview data was used. Each statement was put in a grid to classify the
responses to each question. An accumulated reflective overview of the summaries and reviews
of the data were made to discover how the multiple sources of evidence are related. This was
followed by the interpretation and narration of the data according to Yin (1989).

Knowing that the knowledge and understanding of how the environment impacts any
business decision is key to the growth of any company (Fleisher and Bensoussan, 2003), VKG’s
SWOT analysis was carried out through a brainstorming session as a diagnostic technique.
The interview data together with the information from the SWOT brainstorming session was
used to evaluate VKG’s strategic position and to analyse each category (strengths, weaknesses,
opportunities and threats), their properties and how they relate to each other vis-a-vis a highly
volatile and competitive fuel market to map out different suitable strategic investment options
for VKG. Finally, a portfolio selection analysis of all the investment options was made to
determine the investment decision factors and their relative significance.
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4. Viru Keemia Grupp AS

Viru Keemia Grupp AS (VKG) is the largest oil shale producing company in Estonia. It is
situated in Ida-Viru County, an area in Estonia with a population of 148,000. Estonia is a small
country at the eastern border of the European Union (EU) close to the Baltic Sea with a
population of 1.3 million. It used to be part of the Soviet Union up until 1991. Estonia is the
least energy importation dependent country in Europe due to shale oil produced electricity
(Eurostat 2016, Figure 1). Estonia predominantly uses 78.3% of solid fuels to produce energy
- mainly oil shale.

Figure 1. Energy dependencies in the EU
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Oil shale covers about 65% of the country’s needs for primary energy, which has guaranteed
the energy independence of Estonia. While the EU imports 53.4% of its total consumed energy,
Estonia only needs 11.9% of imports for its energy requirements (Eurostat, 2016). The oil shale
industry contributes about 4-5% to Estonian GDP and about EUR 300M to the state budget
(including employment taxes, environmental taxes). As a producer of shale oil, VKG can be
said to be one of the companies that have a significant impact on the Estonia economy. In 2015,
VKG’s contribution to the state budget of Estonia was up to €35 million and the company’s
total turnover was €167 million. From the turnover, €87 million was contributed from shale oil
alone (Table 1). VKG started solely as a shale oil producer, but over the years has expanded and
diversified its value chain to about 10 enterprises: oil, heat and power generation, heat
distribution, electricity distribution, power system construction, oil shale mining, cinder block
production, metal structures, pipelines and pressure equipment production, logistics, and
assembly and repair companies. As of 2015, VKG employs over 2,100 employees.
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Table 1. Business Analysis from 2006-2015

A Shale oil Percentage of .
vear | Mooy | Comributon | (GO | ivestmentto | yicTie) | Empioyeet
2015 166.8 87 59 19.5 -31.9 2101
2014 195.2 128 98 50.2 19.8 2206
2013 220.4 146 90.9 41.2 26.2 2013
2012 215.8 148 65.9 30.5 26.2 2000
2011 183.6 124 51 27.7 37.4 1610
2010 125.5 83 344 27.4 19.2 1406
2009 107.5 59 399 371 9.2 1312
2008 1315 78 773 58.7 14.7 1381
2007 114.2 62 49.5 43.3 18.8 1369
2006 97.1 55 29.0 29.8 191 1374

Source: VKG 2015 Financial statement

Oil shale is a sedimentary rock which in its mineral state contains a solid, combustible organic
matter commonly called “kerogen” (Siirde et al., 2013). As a solid material, it undergoes
thermal treatment to produce shale oil and other products (coke and phenols). VKG uses two
types of technology to produce shale oil: The Kiviter technology (a gaseous heat carrier) and
the Petroter technology (a solid heat carrier method). The by-product — a waste gas formed in
shale oil production is used as a fuel for heat and power cogeneration in Estonia. The produced
shale oil is useful as a quality-improving supplement for HFO or diesel supplements in
industrial boilers and furnaces.

The majority of VKG shale oil customers are some of the largest oil traders in the world.
VKG Transport, a VKG subsidiary is responsible for its logistics and uses freight on board
(FOB) - Sillamée delivery for most of its distribution activities. The distribution process starts
from the production site through rail, which transports the shale oil directly to the Sillamée
port where tankers can pick it up for delivery to Rotterdam. Currently, there are marginal sales
of VKG products to refineries, however, the majority of the liquid product mass is not sold to
refineries but blended directly into product bunker fuel instead.

5. Results

5.1. The Impact of Sulphur Regulation on Business Activities

The sulphur content of shale oil is around 0.8% w/w; this is higher than the 2020 global sulphur
limit and even higher than the SECA limit. Although VKG sells its fuel directly to oil traders
and not to the end-users, considering the sulphur content of 0.8% w/w as average in shale oil
products, might mean it is unlikely that the product is being used in a SECA bunker fuel blend.
Apart from its high sulphur content according to the IMO SECA sulphur regulation standard,
shale oil has a viscosity-density relationship preferable for specific purposes: especially for
improving HFO flow properties and pour point. This is one of the key selling points of shale
oil. The density and viscosity are both within the range of the ISO 8217 residual marine fuel
specification. Depending on the fraction, the largest portion of blended oil products has a
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density between 0.99 -1.02 kg/L and a kinematic viscosity between 20 -105 cSt. In the context
of ISO 8217:2012 residual marine fuel characteristics, the majority of shale oil products
marketed fall into the marine oil density RMK and the viscosity RMD low range. This fact,
however, does not separate VKG from the realities of the evolution in bunkering fuel and the
regulations that surround it.

Table 2 shows the results of the VKG SWOT analysis. It shows a sustainable company with
an advantage of a long value chain from oil shale processing. VKG has access to oil shale
resources with its subsidiary operated mining. However, the resource mining limits the
allocation system in Estonia coupled with the 60% fine grain and 40% coarse grain oil shale
proportions achievable in mining, and VKG’s historical oil shale processing capacities have
resulted in imbalanced oil shale production capacities.

In 2015, 14.9 million tonnes of oil shale resource was mined in Estonia (Ministry of the
Environment, 2016), which was about 25% less than the allowable and acceptable yearly limit
set in the oil shale development plan 2016-2030 (Ministry of the Environment, 2015), and
VKG has insufficient oil shale mining resource allocation for all processing capacities. VKG is
differentiated from other shale oil producers in Estonia through the valorisation of phenolic
water formed in the pyrolysis process — a thermochemical decomposition of organic material
at high temperatures in the absence of oxygen. VKG has an agile and flexible supply chain
considering the fact that most of its logistics operation is carried out by its own subsidiary
company.

The SWOT also revealed that VKG has a thriving environment department. As an oil
production firm, the company is subjected to diverse environmental laws and regulations, and
therefore uses a centralised environmental department (ED) to provide services to all
subsidiaries in the VKG group. This department is responsible for the preparation of
applications for environmental permits, environmental reporting including reporting of
resource consumption and pollution for the determination of environmental taxes, and
managing environmental impact assessment procedures if designated. VKG ED is also
responsible for European Union (EU) Emission Trading System (ETS) reporting, registration
and applications for VKG group subsidiaries. It monitors the best available technology (BREF)
documents, EU environmental legislation, and Estonian and other government draftlegislation
information systems. Because of its industrious promotion of environmental awareness
activities, VKG has been consistently awarded the title “Responsible Estonian Business” from
2010 to 2015. Intensive VKG investments in environmental causes had enabled a significant
reduction in ecological footprint. About €100 million out of the €900 million in investments
VKG made over the years were spent on environmental related activities. One of such is the
construction of Kohtla-Jarve conveyor, an environmental project that cost about €14 million.
From the company’s report, emissions of volatile organic compounds have decreased by 53%,
sulphur oxide by 69%, and monobasic phenols by 98%. In addition, the Petroter plants’ energy
efficiency is reported to be as high as 81% due to the improved environmental protection
measures and the ecological footprint is said to be several times lower than the formerly used
technologies in the company.

From the interviews, it was discovered that the VKG response to the SECA regulation was
to lead with a refinery project (a project that was in the pipeline) along with process innovation
and the elongation of its product portfolio, especially by-products. Before the SECA regulations,
VKG had started a feasibility study on building its own refinery and bunker fuel market change
research, a project that cost VKG about €5.5 million. Business wise, running a refinery would
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have meant a product innovation that will yield Euro V Diesel (the majority of the production)
and 0.1% sulphur marine fuel oil and stabilised naphtha outputs. However, the the outcome of
the research could not dispel the uncertainties that surrounded the 2015 sulphur regulations
and the uncertainties that surround the market reaction to the sulphur regulations.

Table 2. SWOT analysis

Strengths Weaknesses

- Access to resource-group operated mining. - Uncompetitive and high fixed costs when

« Processing technology innovation. compared to pumping costs of crude oil.

« Favourable oil product viscosity properties. « Products not common in refineries.

« Large-scale project management. » The uniqueness of oil shale - need for adaptation

- Agile and flexible management. of technologies.

« Long oil shale processing value chain. « 70% production output (510,000 instead of

« Sustainability management. 750,000 tonnes/year) limitation because of oil

- Effective and sustainable environmental shale resource allocation.
department. « Oil shale resource allocation smaller than

« Sell directly to the traders, so do not have to deal processing capacity due to the absence of open
with regular end users. markets for oil shale.

« Has control of its logistics by using own transport | « Ageing workforce due to decreased labour age
company. population in Ida-Viru area of Estonia.

« Sell directly to the traders, so do not have the
normal interface with end users.

Opportunities Threats

+ Redeeming the poor public image caused by « Poor public image due to historical contamination
historical contamination of production sites. of production sites by oil companies.

« Readiness for Industry 4.0. « High fixed costs, uncompetitive compared to

- High fixed costs, uncompetitive compared to pumping costs of crude oil.
pumping costs of crude oil. + Product uncommon for refineries.

« Product uncommon for refineries giving room to | « The uniqueness of oil shale — need to adapt
build own-refinery. technologies.

« The unigueness of oil shale — need to adapt « Oil shale resource allocation smaller than
technologies. processing capacity, no open market for oil shale. 71

« Oil shale resource allocation smaller than + Environmental legislation and regulations and
processing capacity, no open market for oil shale. taxes.

«+ Resources policies.

- Unstable prices — decrease in fuel price.

» Dollar/EUR exchange rates.

« High market demand for low sulphur content
fuel.

Source: Compiled by the authors

Furthermore, the feasibility studies showed that the Front-End Engineering Design (FEED)
stage — the cost of the refinery for the raw material processing capacity of 133% VKG shale oil
production at 14,000 barrels per day and 750,000 tonnes per year will cost a staggering sum of
400 million EUR coupled with the 5% depreciation of 20 million EUR annually. This confirms
how expensive a project of that magnitude would be, forcing the management of the company
to put the refinery project on hold. The risk is further magnified because VKG has had to
constantly struggle with uncompetitive high fixed costs of its fuel production when compared
with that of crude oil and because of the downward trend in fuel prices. Because oil shale is not
a common product found in regular refineries, its refining process and activities are quite
limited. These attributes also make it difficult to use standard technology in the refining
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process. Even though VKG has access to a resource based mining group, the oil shale resource
allocation is smaller than its processing capacity forcing VKG to only use 70% of its shale oil
production capacity (520,000 tonnes/year).

A look at the 10-year breakdown trend of VKG financial activities in Figure 3 and Table 1
shows the sizeable contribution of shale oil to annual turnover, although 2015 shows a decrease
in the contribution of shale oil. The fact that for the first time in 10 years VKG recorded a loss
in 2015 is also noteworthy. One sellable explanation for this occurrence is that oil prices have
fallen drastically, a bitter pill any oil producing company have had to swallow. Further
examination also shows that VKG investment was low in 2015 as a percentage of annual
turnover (19.5%) when compared to previous years.

Figure 2. Financial Statement for 2002-2015
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Source: VKG AS 2015 Financial statements

5.2. Strategic Options for Sulphur Regulations Compliance

The evaluation of the market environment (SWOT), as well as the company’s present financial
appraisal, were used to create strategic sulphur emissions regulations compliance actions. The
SWOT also revealed some weaknesses and threats. The harsh reality is that VKG will continue
to be threatened by legislations, regulations and environmental laws that will keep the company
on its toes. It will also continue to face the challenge of available open markets for its products
and the uncertainties that surround fuel markets. The use of alternative fuel sources (LNG,
renewable fuels (I generation biofuels) and methanol) are also gaining more ground as bunker
fuels. One of the targets of this work is to use this knowledge to mitigate, exploit and avoid any
adverse effects of these threats and weaknesses.

VKG is faced with two major challenges: first, the fuel price collapse and its highly volatile
market, and second, sulphur emission regulations compliance investments. From the analysis
carried out, there are realistically 5 investment strategies VKG could choose from. These are
upward vertical integration, products upgrade, hydrodesulphurisation, product discount and
process innovation.

1) Upward vertical integration: Blending VKG shale oil with 0.1% MGO or another low-
sulphur content fuel, which will basically be an upward vertical integration in its supply
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chain process. In this case, VKG will sell directly to its suppliers and will be in charge of
how these products are supplied. Apart from serving the end result of being able to sell
its 0.8% sulphur fuel, VKG may be able to increase its share in the market by minimising
the bottlenecks created by middlemen and reduce its transaction costs, leading to an
increase in profits. However, it might lead to decreased supplychain flexibility and end
up hindering productivity (Mahoney, 1992). Due to the scarcity of open markets for oil
shale, VKG currently sells directly to traders. This has helped the company greatly in its
supply chain agility and flexibility. Having to deal with an increase in its distribution
chain will increase complexity in its straightforward supplychain system.

Products Upgrade: Building a new refinery which could result in a change in the
marketable products portfolio for VKG such as V Diesel, 0.1% sulphur marine fuel oil and
stabilised naphtha. Refining shale oil will also yield commercially valuable products that
can be used as a substitution for petroleum derivatives with only minor modifications and
adjustments of the operating conditions (Akash, 2003). The refinery would seem like a
good investment decision for VKG due to the increased process capacity. An improvement
to the present capacity by a mile and according to the preliminary report would produce an
output of stabilised gasoline fraction of 61,000 tonnes/year, Euro V diesel of 349,000
tonnes/year as well as SECA fuel oil of 303,000 tonnes/year. In addition, 7,300-7,500 tonne/
year elementary sulphur would also be produced. However, the costs involved would be
higher than the stated capital expenditure (CAPEX) of 400 million euros. For instance,
there will be additional investments in operational costs (OPEX) that involves employing
more staff, maintenance, insurance and administration. The cost of operations without
depreciation is estimated to be between €30-50 million/year, which will also depend on the
price of natural gas and on the amount of raw material (oil shale) processed. It will also take
about 5 years before any refinery can adapt to full operation even after such a heavy
investment (OECD/ITF, 2016). Building a refinery wedges VKG between volatile market
segments (costand price), and exposure to significant risks, one of which is the susceptibility
to closure if unsustainable (CFA, 2013).

Hydrodesulphurisation: The removal of sulphur (partial hydrogenation) from product
oil (desulphurisation) involves a chemical reaction between molecular hydrogen (H2)
and another compound or element in this case sulphur, with the help of a catalyst (Kabe,
Ishihara, & Qian, 2000). Heavier distillates are usually broken down through this
process. While this process will solve the sulphur content challenge of shale oil, hydro-
desulphurization could cost VKG between 100 - 150 million euros in capital investments.
This option is in direct competition with VKG keeping the status quo of selling its
products to the bunker fuel traders. Before taking this step VKG must be able to answer
some pertinent questions. What difference will it make if they proceed with an investment
of this scale? What if the price spread between HFO and MGO is negligible in the future?
What is the return on this type of investment? Part of the speculation over the price of
MGO before the SECA limit related to how an increase in demand could affect its price
(Notteboom et al., 2010). Other studies, WoodMacKenzie (2016), postulated that a global
sulphur cap of 0.5% could resultin an increase in the overall price of fuel by 2020. Experts
are finding it difficult to speculate fuel prices. Himailédinen et al. (2016) in their studies
discussed several failed attempts by market experts to forecast fuel prices. The
uncertainties that surround fuel prices have made it risky for VKG management to make
any calculated investment decision.
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4) Product Discount: VKG can continue marketing its existing 0.8% w/w sulphur content
product but at a discount to traders if the future price spread between 0.5% sulphur fuel
oil and 0.1% sulphur fuel oil is insignificant. In the first place. Because shale oil is already
being sold to traders, there is a negligible likelihood that this oil could still be used in a
SECA bunker fuel blend. Therefore, with proper incentives and trade terms, VKG will
likely keep their current or most of their current customers. Presently, the greatest threat
to this will be increased demand and supply of low sulphur fuel on the market. Some of
the things that were considered while appraising the cost impacts in 2020 were the low
capacity of refineries for low-sulphur fuel and the resulting price spread between HFO
and MGO.

5) Process innovation: Process innovation to implement a significantly improved
production method (Utterback, 1994) will increase and improve VKG’s efficiency (energy
efficiency, a mass yield of products and labour productivity) as a key factor for
sustainability post-2020 under a global sulphur cap. VKG can also make use of Industry
4.0 automation and data exchange in manufacturing technologies to improve its business
and process efficiency, pay better attention to the potential of its other products and
convert their opportunities to maximum profits. Because of the fluctuations that are
seen in the fuel market, VKG can leverage its fixed fuel price. The need for efficiency
improvement will not only be useful for MARPOL regulations, but it will come in handy
when other trends and influences like climate policy, stricter environmental legislation,
demographics and workforce deficiency trends are combined. Further efforts in waste
reduction - such as the greater valorisation of the waste gas and the conversion of solid
by-products such as limestone from oil shale mining and ash from shale oil plants,
decreasing process losses — can be intensified. Productivity can also be improved by
addressing the ageing workforce due to the decrease in labour age population in the Ida-
Viru area of Estonia where the VKG production site is situated. Ida-Viru as a county is
susceptible to the migration of upwardly mobile and young working population to more
attractive pull centres or cities. A situation Prause (2014) said will be a significant
disadvantage for the operations of knowledge-intensive companies in rural areas.

5.3. Investments (Portfolio) Selection

The HFO/MGO price spread was used as the major impact factor for selecting the right
investment for VKG because based on the 0.5% sulphur emission global cap, there is an
expectation that in 2020 there will be a sharp reduction in HFO demand, consequently, an
increased demand for MGO or ULSFO. According to the analysis by WoodMacKenzie (2016),
by 2020 there would likely be a sharp increase in oil distillates (MGO, MDO, ULSFO-Ultra
light sulphur fuel oil) forcing a reduction in the installation of scrubbers on ships. The use of
HFO will decrease as a result of this. At such, scrubber installations will only become a viable
option for 75% of the existing ships that are less than 10 years old with an engine capacity
greater than 17 MW. Furthermore, because the installation capacity of available ships will be
limited, coupled with the likelihood that refineries are not going to be very eager to make huge
investments in refining HFO, it is predicted that HFO will gradually return to the market.
These uncertainties will contribute greatly to the volatility of the fuel price market and further
increase VKG investments risks.
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As a multi-criteria decision analysis tool, a matrix of the different strategic options for
VKG was created using different scenarios related to price spread (table 3). Each scenario of
HFO/MGO price spread was defined as, very high, high, constant, low and very low. A constant
was used to depict what is presently obtainable. The scale for the outcome of each scenario was
set up between -2, -1, 0, +1 and +2. Each scenario was further assessed with two VKG
respondents to weigh their relative significance related to VKG as seen in Table 2. The major
focus was the impact scale for each option if the price spread was to change.

Where:
0 is comparable to now
+ is company has a better position (+1, +2)
- is company will be worse off (-1, -2)

To determine the probabilities of the HFO/MGO price spread, the spread distribution of July
2015 to the current spread in 2016 was used. First, the range of the price spread was calculated
as the difference between the lowest spread ($120) and the highest spread ($220) within this
period, which is $100. Second, the intervals between the fuel prices (>$120 and <$220) were
calculated using the spread fluctuations within this range. These are $185, $155, $145 and $135.
Next, to find the probability (p ) for each scenario, the differences between the spread intervals
(e.g. 220-185 = 35) were each divided by the range ([(220-185) <100 = 0.35]).

The total weighted score for each outcome was then calculated by multiplying the
probability (p ) for each scenario by their respective scales as shown in Appendix 1.

Table 3. Decision matrix analysis for investments options

HFO/MGO Price spread scenarios (Outcomes)
Options Very High High Constant Low Very low | Expected Risk
p=0.35 p=0.3 p=0 p=0.1 p=0.15 | value (1) |(SQRT 0?)
Upward vertical integration -1 -1 0 0 -1 -0,8 0,40
Products Upgrade 2 0 -1 -2 -2 0,1 1,58
Hydrodesulphurization 1 1 0 -1 -2 0,25 113
Product Discount -2 -1 0 0 0 -1 0,84
Process innovation -1 -1 1 1 1 -0,3 0,95

The expectation value () for each option d is:
p’d = Zspds X outds (3)
Where:
P, = the probability of spread scenarios option for d
out, = outcome
The variance (o 2) is calculated as:
0’;= zdsP s (out = ) “)
Thus:
Risk =\o* ®)
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Finally, for the investment portfolio selection, a graph of the expected value (W) is plotted
against Risk (\o?).

From the investment portfolio graph (Figure 3), hydrodesulphurisation, regardless of its
high risk, appeared to be the option with the highest return on investment followed by product
upgrade. The risk is obviously associated with the uncertainties in fuel prices. An investment
of this magnitude will prove futile in the face of a heavy reduction in the cost of fuel. This will
make it difficult for VKG to recoup the investment made. Product upgrade was found to be the
riskiest option if taken because it is very expensive, and the failure of such a venture could be
the final downfall for VKG. Upward vertical integration is the least risky, with little return for
the investment and time spent on it. Product discount is the option with the least return on
investment.

Figure 3. Investments Portfolio analysis
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6. Conclusions

This work focused on three research questions. First, what are the economic implications of
sulphur regulations on VKG’s business activities? Second, what strategic compliance options
are available for VKG? And third, how attractive are these options for VKG sustainability?
The results for the first research question showed that due to the new 0.5% global sulphur
emission cap, VKG has found itself in a position where it must make an assessment on the
marketability of its 0.8% sulphur content fuel post-2020 if it wants to keep producing and
selling marine fuel. This is a situation that is also linked to job creation in the county where it
is situated and the economic growth of the host country. Currently, VKG is struggling to keep
itself from sinking under the consequences of product demand change as a result of the sulphur
emission regulations. Information from interviews shows that the company is still weighing its
options on how to go forward in the face of the 0.5% sulphur content regulation. Unfortunately,
it does not have the luxury of time before 2020, when the regulation will take effect. Apart from
the investment that was made on the refinery and bunker fuel market change research, VKG
has not been able to decide what course of investment actions to take. Having been already
adversely affected by the downward fuel price trends, it must proceed strategically and
cautiously in regard to what investments decision to make. Strategically, because while VKG
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may still be able to sell its fuel directly to bunker traders, there will also be continued interest
in improving air quality along with renewal concerns about air pollution from shipping
activities and, follow up regulations might come at any time to interrupt its distribution
channel. Indecision will likely prevent a bad investment choice, but on the other hand, any
delayed investment could also be risky, in line with conclusions by Rebelo (1991) on the adverse
effects of investment indecision. The constant loss of opportunities is counterproductive for
any company in any given business environment. VKG also needs to proceed cautiously
because nobody is sure about the fuel market or the success of the available abatement
technologies for sulphur emissions. The economic feasibility of shale oil is highly dependent on
the markets for conventional crude oil.

A continued loss as significant as 2015’s will be detrimental to any company of VGK’s size
and status, especially when combined with the rapid increase in environmental charges. For
example, in the past 10 years charges for SO2 emissions have increased by 700%, and waste
disposal by 273%. Even though VKG cannot be compared to the big players in maritime fuel
markets, such as ExxonMobil, Clipper oil, or Total in terms of manpower, global presence and
net worth, the importance of VKG to the economic development of Estonia cannot be
downplayed. In the past 10 years, the company has invested close to €900 million in the
economy of Estonia and is responsible for over 2,100 jobs, of which, 600 were created within
2011 and 2014. VKG is the largest shale oil producer in Estonia and oil shale covers about 65%
of the country’s needs for primary energy, which has made Estonia energy independent,
cutting almost to zero the importation of energy to Estonia. The oil-shale industry alone
contributes between approximately 4-5% (about €300 million) to national GDP every year. In
IdaViru County the shale oil industry is responsible for over 6,600 direct and about 13,400
indirect employees which are about 20% of the total regional workforce (Eesti polevkivitoostuse
aastaraamat, 2014). VKG as a company and the oil shale industry are important actors in the
growth and prosperity of Estonia. A distortion to this industry will definitely have a grievous
consequence on the national economy. Going forward VKG must decide on a sustainable
solution for its conformity with the regulations.

Therefore, to address the second question, five investment strategies were projected based
on the market environments and VKG’s SWOT analysis. These were upward vertical
integration, products upgrade, hydrodesulphurisation, product discounts and process
innovation. The sulphur emissions are here to stay. VKG must make use of the present market
conditions to create for itself a solution that enables it to rise above its challenges. These options
are some of the opportunities and strengths that VKG can leverage on.

The third question was answered with the investment portfolio analysis of the five strategic
options discussed. The result confirmed that the cost of sulphur emissions regulations
compliance is excessively risky and expensive for marine fuel producers, especially VKG. In
VKG’s case, the transaction costs (cost of compliance) will unavoidably eat away the resources
that would have been otherwise used for other growth-induced investments. These costs will
generate further social costs like job losses for the region, especially if the company wants to
recover its loss. Consequently, a company can only be productive if it can achieve a balance
between its transaction costs and its production. Undermining compliance costs by the
regulatory bodies when institutions are being set up has grave consequences. While MPEC
accepts that the compliance options are expensive (Unctad, 2015), most efforts are concentrated
on abatement technologies for ship owners and the port monitoring activities. From NIE
theory, the productivity of any institution depends on the cost of transactions, meaning that
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companies can only thrive if the production processes are without the excessive costs of
compliance. The social costs that will ensue are detrimental especially if they result in job
losses for a region like Ida-Viru. Industries can only thrive when companies increase their
workforce for growth, and any institution that disrupts this process is counterproductive.
Larger companies will always have a better edge over smaller ones in the short term due to
available disposable resources; however, in the longer term, the effect will become evident
through reduced rates of growth. In situations like the sulphur emission regulation, where a
regulation is accompanied by high compliance costs, the governing body ought to provide
alternative institutions that will reduce the outcome of the transaction costs. In order to reduce
social costs and prevent societal waste, the compliance enforcement (allocation of resources
and the development of new technologies) depends on the prevailing governance structures.

Another outcome of this work is that VKG as an organisation is sensible and would want
to realise a return on any investment that corresponds to the risk involved but VKG could be
risk averse. Being risk averse, however, does not mean that it is not open to any form of risk but
that when it is presented with different options for investment that seemingly offer similar
expected returns, the company would prefer to take the less risky route. Therefore, VKG will
likely take on highly risky investments as long as it can be sure that the investments will be
rewarded with a higher expected return.

While the conjecture by policymakers that regulations are beneficial is right, the impact of
these regulation obligations varies significantly. This study confirmed some of the arguments
of the endogenous theory that regulations do not have the same economic impact on large
companies as they do for smaller companies. On the basis of size, companies are on different
scales. “Smaller” companies like VKG could sometimes lack the capacity to handle the
necessary compliance changes that come with regulatory decisions, which is also in line with
NIE discussions on transaction costs for institutions. It is noteworthy to mention that the
shipping industry incurs such a significant cost for environmental regulations compliance,
and so, for sulphur emission regulations like SECA to be rational, there has to be an allowance
for level playing among related stakeholders.

The sulphur emissions regulations have been able to yield significant health benefits for the
BSR and have reduced the potential acidification damage that sulphur compounds can cause
to ecosystems. Clean shipping as a vision was set to make maritime transport greener, and this
is presently being achieved through new technologies and changed behaviour on board across
all stakeholders in the maritime sector in a concerted and integrated effort of multiple
measures. Based on a results presentation and expert interview with Johan Mellgvist (2016),
during an EnviSuM (Environmental Impact of Low Emission Shipping: Measurements and
Modelling Strategies) partners’ meeting, the preliminary tests conducted on sulphur
concentrations in most BSR ports since SECA regulations show a significant reduction in SO2
concentration in the air and a compliance rate of 96.5% in the ports.

However, the underlining fact is that regulation compliance will be related to significant
investment decisions for maritime stakeholders, and large uncertainties will always encompass
each regulation. The VKG case has confirmed that not all regulations are created equal in
terms of their costs or their benefits. For example, market-based or economic-incentive
regulations, such as those based on tradable permits are likely to be more cost-effective because
they provide incentives for companies to adopt a process that will comply with the regulation,
unlike regulations that require technological change or establishing conventional performance
standards like the sulphur emissions regulations. Agreed that stimulating innovation in the
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maritime sector for a cleaner environment is crucial, and that technology development may be
able to lead the way out of some persistent environmental problems, but a technical solution to
a problem should not set the foundation for the creation of other problems.

This work is limited to a single case. However, it contributes to the body of knowledge in
the following ways:

First, it contributes to the on-going discussions on the impact of sulphur emissions
regulations on the business performance of maritime stakeholders. It concludes that some
maritime companies are struggling under the consequences of change in maritime fuel
consumer demand due to the sulphur emission regulations and that the viable compliance
options are expensive and risky.

Second, it contributes to one of the EU regulation objectives by showing how the cumulative
effect of a beneficial regulation that seeks to “demonstrate clear added value... full benefits at
minimum cost .... With a simple, clear, stable and predictable regulatory framework for
businesses, workers and citizens...” (EU, 2012) can pose a significant threat to the economic
well-being of a country. From a policy creation and policy execution point of view, the challenge
of regulations like the sulphur emission regulations lies in harmonising the implications of the
regulations and its policy instruments as they relate to regulation compliance. It is, therefore,
recommended that maritime policymakers and regulatory bodies ensure a continuous cross-
link between emissions related regulations and innovation, together with the availability of
compliance technical know-how that will consequently cause the creation of policy instruments
that will cushion its effect on all stakeholders.

Third, this research discussed the compliance options available for fuel supply companies
from the opportunities that are both inherent and external to the case company. This
contribution can be extended to similar maritime fuel producing companies. The portfolio
analysis framework, in particular, will benefit similar companies in their strategic decision-
making process. This type of contribution will improve the innovation capacity of related
maritime companies and the integration of new knowledge for the maritime sector.

Further research can be made to assess the economic implications of the MARPOL sulphur
regulation on other categories of maritime stakeholders in the BSR, such as ship owners and
ports for a comparison of the degree of impact. Further research can also explore the
measurement of the effect of SECA regulations on clean shipping regulations for the maritime
industry in the BSR -such studies will be crucial to the sustainability of emissions regulations.
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Appendices

Appendix 1. Expectation value of investment options

Price spread scenarios (expectation value)

Probability
Options 035 03 01 0.1 015 \E,;(E;C?:S
Upward vertical integration -0.35 -0.3 0 0 -0.15 -0.8
Products Upgrade 0.7 0 -0.1 -0.2 -0.3 0.1
Hydrodesulphurization 0.35 0.3 0 -0.1 -0.3 0.25
Product Discount -0.7 -0.3 0 0 0 -1
Process innovation -0.35 -0.3 0.1 0.1 0.15 -0.3

Note: Scenarios are “very high,” “high,” “constant,” “low” and “very low”. Scenario scale is -2, -1, O, +1, and +2.

Appendix 2. Risk factor (\/oiz)f each investment

Options Price spread scenarios (variance) (S(;;ko?)
Upward vertical integration 0.01 0.01 0.06 0.06 0.01 0.40
Products Upgrade 1.26 0.00 0.12 0.44 0.66 1.58
Hydrodesulphurization 0.20 0.17 0.01 0.16 0.76 113
Product Discount 0.35 0.00 0.10 0.10 0.15 0.84
Process innovation 017 0.15 0.17 017 0.25 0.95
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The Impact of SECA Regulations on Clean
Shipping in the Baltic Sea Region

Eunice O. Olaniyi, Gunnar Prause, Jan Boyesen

1. Introduction

The shipping industry is responsible for the transport of approximately 90% of world
trade and is one of the most environmentally benign forms of transport if the transport
of goods on a tonne mile basis is considered (Jiang et al., 2014). Ships are also major
producers of pollutants such as carbon oxides (CO>), sulphur oxides (SOx), ozone-
depleting substances (ODS), volatile organic compounds (VOC) and nitrogen oxide
(NOx) emissions (Wisnicki et al., 2014). Although much of the pollution emitted by
shipping is deposited over the sea, it does not undermine that fact that it is the largest
single source of acidification and eutrophication in many countries in Europe. The
output of SOx and NOx by shipping surpasses that of land transport (Panagakos, 2014).
Sulphur especially burns in fuels to form SOx, which is one of the pollutants to the
environment especially in the formation of acid rain (Notteboom, 2010).

It contributes significantly to the increased levels of health-damaging particulate
matter and ozone (Airclim, 2011). Air pollution is the cause of about 50,000 premature
deaths every year in Europe, resulting in a social cost of about €58 billion annually.
After reacting with air, these emissions are converted to dangerous compounds that
cause premature death by poisoning the blood through infiltration from the lungs
leading to inflammations and heart and lungs failures after a continuous exposure over
a long time (Alcamo et al., 1987).

Additionally, much deep-sea shipping occurs near coastlines, polluting densely
populated coastal areas and causing significant health damage (Holmgren et al., 2014).
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Emissions at ports during manoeuvring and berthing account for only a small fraction
of ship emissions. Even though this is the case, it is essential not undermine their
harmful health effects on the population living in the coastal area. Emissions during
free sailing account for the more significant percentage of the overall ship emissions
but have less damaging effects on human health because of the sparse population (Jiang
etal., 2014).

Maritime transport is currently far less regulated than land-bound transport. One of
the reason is that while land transport is not as international as sea transport, most
countries are often logistically, organizationally, and legally involved in shipping and
often tend to obstruct the legislative process (Holmgren et al., 2014). Another
explanation is that most governments are careful not to discourage export trade by
increasing its cost and, finally, popular views assume that, most sea transport occurs on
international waters and its pollution does not reach land - an assumption that is far
from the truth.

The clean shipping vision was set to make maritime transport greener, and is being
achieved through new technologies and changed behaviour on board across all maritime
stakeholders in concerted and integrated efforts of multiple measures (Stipa, 2013). The
integrated clean shipping approach focuses on three fronts: Ships - the ship that is
welcome in every port and causes no negative impact on the environment with a zero
target emission. Ports - highly efficient with excellent environmental services and
strong incentives to facilitate and encourage Clean Shipping. Cargo - excellent
corporate footprint and cargo owners include ecological issues in their decision-making
process when contracting carriers (NSF, 2008).

The International Maritime Organisation (IMO) is employing a global clean shipping
approach to improving the maritime emissions of SOx and PM from ships, mainly
through technical and operational reduction measures (IMO, 2015). The International
Convention for the Prevention of Pollution from Ships (MARPOL 73/78) had a three-
tier regulatory scheme to reduce NOx and SOx emissions from shipping, Tier I in 1997
and Tier II/III in 2008 (IMO, 2008, 2009) all of which were formed to ensure
harmonisation with international law and better enforcement. The underlying
legislation for regulating sulphur emissions from ships was Directive 1999/32/EC. This
was amended by Directive 2005/33/EC adopted at the MEPC 53rd session in July 2005,
which designated the Baltic Sea, the North Sea and the English Channel as sulphur
emission control areas (SECAs) and limited the maximum sulphur content of the fuels
used by ships operating in these sea areas to 1.5% (IMO, 2008). The Baltic Sea was
named as the first SECA from 19 May 2006 followed by the North Sea Area and the
English Channel in 2007 (IMO, 2009).

It is noteworthy to point out that SECA is not solely applicable to SOx emissions as
this criterion was also amended at the 58th MEPC session in October 2008 on Appendix
IIT of Annex VI. The new standards stated that SOx, NOx, or PM and Noxious Liquid
Substances, Sewage, garbage are all restricted in this area from 2010. By 1% July 2010,
MARPOL in Annex VI reduced the Sulphur content in marine fuel from 1.5% to 1.0 %
(IMO, 2013). This limit was further reduced to 0.1 % from 1 January 2015 (IMO, 2015).
Another addition to SECA came through China and the regulation states that from 2nd
December 2016 there will be three emission control areas on China Sea - the Pearl River
Delta, the Yangtze River Delta and Bohai Sea (North, 2016).

The global sulphur cap was set not to exceed 4.5% by the amended Annex VI law.
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This limit was further dropped to 3.5% in 2011, effective from January 2012. Currently,
the global limit has reduced to 0.5% from 2020. This was confirmed at the MEPC 70th
session in October 2016 (IMO 2016). These will have been twenty-three preparatory
years (1997 - 2020) for maritime stakeholders to comply with the strict regulation on
global sulphur reduction by 2020.

Strengthened regulations and environmental awareness are of vital importance to
stimulate clean shipping, but it has some consequences for shipping business
(Panagakos, 2014). Going by Panagakos premise then, the implications of the Sulphur
emission Directive, maritime sector stakeholders like the shipping companies will be
directly or indirectly linked to the economic decisions that will ensue in their efforts to
comply. One of the consequence will be increased freight costs. In other words, the
high costs of the clean shipping regulations could cause a modal backshift from sea to
the road and could result in more road pollution and congestion, which will be contrary
to other land regulations (Hamaldinen, Hilmola, Prause & Tolli 2016). Furthermore,
export companies like heavy industrial companies that have the maritime transport at
the core of their supply chain activities are worried about how this will affect their profit
(AirClim, 2011).

At the end of 2015, European Union (EU) approved, in the frame of the Baltic Sea
Region (BSR) Interreg Programme, the "EnviSuM (Environmental Impact of Low
Emission Shipping Measurements and Modelling Strategies) Project" aiming to study
and assess the technical efficiency and the socio-economic impact of clean shipping
solutions in the Baltic Sea Region (BSR). The project seeks to provide tested and
analysed results on the efficacy of the different clean shipping solutions and proffer
recommendations that will benefit not only the environment and the general health of
the BSR populace but also the maritime businesses by promoting their economic
growth.

This work as part of the ongoing EnviSuM project studies the economic impacts of
Sulphur Emission Control Area (SECA) regulations on maritime stakeholders in the
BSR. Based on experts' interviews, focus groups, learning cafe and BSR-wide survey.
The objective of this work is to study the various measures taken by stakeholders
towards Sulphur emission reduction and maritime stakeholders assessments of the
economic impact of SECA regulations on their businesses and BSR. The research
questions that will be used to address this issue are: (1) How has the SECA regulation
impacted the maritime business activities in BSR?; 2) What are the stakeholders’
reactions to these impacts?; and (3) How will SECA impact blue growth and innovation
activities in the BSR?

The discussions that are related to SECA compliance in BSR were mostly gotten
from expert interviews, learning café and focus groups, while the economic impact of
SECA regulation on maritime industries and BSR were from a BSR-wide survey
targeted at top management executives in the maritime business. This contribution will
improve the integration of new knowledge that will provide new systems for cleaner
and more cost-effective shipping for the maritime sector.

This work is organised as follows: Sect. 2 discusses the sulphur emissions
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regulations, shipping activities on the Baltic Sea and SECA compliance options.
Section 3 describes the system of methods used for this research. Part 4 highlights
SECA regulations compliance in BSR as well as the economic impact of SECA
regulations on maritime businesses and BSR. Section 5 discusses the implications of
the results and provide conclusions.

2. Sulphur Emissions Regulations compliant Shipping on
Baltic Sea

According to Annex VI of the International Convention for the Prevention of Pollution
from Ships (MARPOL 73/78), the Baltic Water means “the Baltic Sea with the Gulf of
Bothnia, the Gulf of Finland and the entrance to Baltic Sea bounded by the parallel of
the Skaw in the Skagerrak at 57044°.8 N” (Nugraha, 2009). It measures about 415 000
km?, and is considered the largest brackish water in the world, the Baltic Sea, despite
being shallow (53m mean depth) with a narrow canal that makes ships to find it difficult
for ships to navigate, is subject to intense shipping and covers a significant share of the
world's seaborne trade (Karl-Heinz et al., 2013). It is one of the most densely plied seas
in the world and accommodates up to 15% of the world's cargo freight. Over 2000 ships
operate on the Baltic Sea at a time and carry as much as 166 million tonnes of oil.
Shipping can be considered essential for all Baltic Sea countries because significant
shares of foreign trade are routed through the Baltic Sea Ports. These countries are
Finland, Sweden, Denmark, Poland, Russia, Germany, Estonia, Latvia and Lithuania
(Helcom, 2012). Shipping activities have been predicted to even increase in the coming
years due to the economic growth of the BSR. Russia oil export through Baltic alone
has been predicted to reach up to 180 million tonnes by 2020. These activities make the
Baltic Sea very susceptible to heavy pollution whose cumulative effect come with
substantial negative consequences to all living things.

The SECA regulation mostly affects the costs of ships operations, especially those
who operate more or solely in the SECAs. For the benefits of Sulphur regulation to
outweigh the cost, the reduction measure chosen by the ship owners is critical (Jiang et
al., 2014). Many studies already have discussed the different abatement or compliance
methods for the SECA regulations (i.e. Notteboom, 2010; Wisnicki et al., 2014; Jiang
et al., 2014; Nugraha, 2009; Brynolf ez al., 2014; Bergqvist et al., 2015; OECD/ITF
2016). Some of the different options available to reduce sulphur emissions in the
SECAs are changing the source of fuel from the usual Heavy fuel oil (HFO) to other
possible alternative sources of ship fuel like; Marine Gas Oil (MGO), Marine Diesel
Oil (MDO), Liquefied Natural Gas (LNG), biogas, biodiesel, ethanol, methanol, coal,
nuclear power, wind, solar panels, and hydrogen cells. The other is the use of abatement
technologies such as the Scrubbers. The scope of this work will, however, be limited
to switching to low sulphur fuel, use of LNG and the installation of the scrubber.

A complete switch to 0.1% low-sulphur content fuel seems like the easiest option
and is expected to become the most common solution for shipping lines. However, one
of the salient challenges of this option is the difficulty in predicting trends in fuel prices
due to the volatility of the market forces (Jiang et al., 2014; Himéldinen et al., 2016).
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Hémaléinen et al. (2016) gave examples of several studies that have attempted to
forecast fuel prices in their bid to analyse the sulphur directive effects and have
recurrently come-short.

The use of LNG has been argued to be the most attractive alternative fuel to meet
the sulphur directive. Apart from the political backing, LNG is naturally low in sulphur
and therefore meets the new restrictions without any problems during combustion
(Jiang et al., 2014). When the gas is in liquid form, it contains more energy and is easier
to process in a combustion engine. However, the disadvantage is that while it may be
possible to convert existing vessels, it is very costly to convert. It also requires twice as
much storage capacity than the usual marine fuel to provide the same amount of energy.
Thus, it is most likely that LNG will be used only in new NLG vessels (Brynolf et al.,
2014).

The extension of the MARPOL Convention also allows the use of technical
equipment that cleans emissions from sulphur, allows the continued use of the cheaper
high-sulphur fuel, and still meets the stricter sulphur restrictions. One of such abatement
technologies is the installation of the scrubber on existing vessels or new vessels
(Bergqvist et al., 2015). There are principally two types of scrubber namely the dry and
the wet scrubbers. The wet scrubber is further classified into the open loop, closed loop
and the hybrid. The disadvantages with the scrubbers especially the wet scrubbers range
from the dilemma of discharging the acidic wash water which requires a marine
environment with high salinity and high alkalinity to neutralise to another fact that the
scrubber itself occupies a considerable percentage of space on the ship. The cost of
installation of the scrubber on a vessel especially on an old vessel is also high (about
€2 - €8 million, depending on the age and the size of the ship) and requires about 10
years for before a return of investment (Brynolf et al., 2014).

3. Method

This research employs multiple and cross-sectional methods. The empiric data
collection were executed in the frame of the EnviSuM project between September and
December 2016.

Maritime stakeholders were identified and divided into five categories from 1 to 5.
Each category was also index based on its perceived direct impact from SECA
regulations. As shown in Table 1, 3-star signifies high priority, 2-star medium priority
and 1-star low priority for data collations. Thus, categories 1, 2 & 3, with 3 and 2 stars
were the primary focus for data gathering. The target group consisted of top
management level stakeholders (MD/CEOs, Directors, top-level managers) mostly
because, experts’ opinions and decisions, as well as the knowledge of what activities
are being embarked on, were core information needed for the research.

First, to explore the activities of the maritime stakeholders towards SECA
regulations compliance, interviews (structured, face-to-face, phone calls and Skype)
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Table 1 SECA maritime stakeholders’ priority index (Source: Compiled by the authors)

Order
Category Maritime Stakeholders of Impart
Category 1 Shipping companies, Ship Operators, Shipowners 3 stars
Category 2 Ports 3stars
Category 3 | Ship Suppliers (maritime equipment and services) 2 stars

Category 4 Port authority, Non-governmental organisation (NGO) Public 1 star
sector (Ministry, Municipal, Government agency, education,
Research), Police/Customs

Category 5 Shippers (Logistics service providers, Production and Trading, | 1star
Real Estates/Facilities managers)

were conducted. This was guided by the exploratory nature of this objective, which was
to produce according to Mason 1996, ... a rounded understanding of rich, contextual,
and detail data that can also be generalised in some way. Furthermore, Mason pointed
out that interview is suitable for a research position that suggests people’s knowledge,
opinions, understanding, interpretations, experiences and interactions. Each interview
lasted between 1 hours to 2 hours. Notes were taken. Also, voice recordings were made.
Further follow-up questions were asked for clarification and validations. Descriptive
analysis of the interview data was made to provide an account of SECA related
activities around BSR using Yin (1989).

Second, a BSR-wide online survey study was conducted with a selected number of
maritime experts focusing on the experts' perception and conclusions concerning the
financial impact of SECA on their businesses and then on BSR. A pilot of the survey
instrument was executed to establish content validity from EnviSuM partners from
Germany, Estonia, Finland, Denmark, Norway and Poland. The focus of the pilot was
to provide clarity, value, and the importance of the survey items. Sixty respondents,
representing a broad cross-section of maritime experts from, Estonia, Denmark,
Germany, Finland, Norway, and Poland completed the survey.

Other sources of information were from focus groups and EnviSuM learning cafés
organised in maritime fairs and exhibitions where workshops were organised by the
EnviSuM project. Letters of invitations were sent to participating companies and
confirmations were received beforehand for the organisation of such events.

4. Results

4.1 SECA regulations Compliance in BSR

Results from the experts’ interviews and focus group meetings revealed the following:
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The Use of Low Sulphur Content Fuel Because of the availability of different
types of marine fuel as well as SECA regulations, most shipping companies, in the
interim, tend towards the fuel distillates such as MGO and MDO. Further, ultra-low
sulphur fuel oil (ULSFO) has been gaining popularity as a cheaper alternative to other
distillates since 2015. There is already a 180,000 mt demand, which is expected to grow
beyond 300, 000 mt by the end of 2017. Another reason for its rise in demand is the
massive investment that is needed for the scrubber or the LNG retrofit.

Some ship operators have, however, expressed their worry over the long-term effect
of using this fuel and what effect it would have on ship engines initially designed for
HFO. Others are optimistic that its usage can flush out the sludge that accumulates in
the fuel tank. There is also concern about the availability of low sulphur fuel with the
0.5% global sulphur cap coming up 2020. Most of the cruise ships use the low sulphur
fuel, which seems to be the interim strategy at the present until they are sure about the
fuel markets trend.

So far, because of the intense competition, no shipping line has increased its
transportation cost. Many of them are waiting for the fuel price go up. In addition, the
new global sulphur cap for 2020 seems to be a game changer. Nobody seems to be sure
of the full impact of this regulation on fuel price until then. There are anticipations that
the sulphur global will be reviewed and push back to 2025.

LNG as an Alternative Fuel The use of LNG as a marine fuel especially attracted
the high attention of the shipping industry in the BSR. Some ship-owners stated their
preference for the use of alternative fuel path for their sulphur compliance requirements
especially the use of LNG. One of the primary reason for this is that the use of LNG
ensures the compliance of not only SECA but is also useful for the anticipated NOx
emissions regulation. LNG is seen as the total package to emission regulation
compliance ranging from SOx, NOx, and PM to CO2 and black carbon. LNG is not a
popular option when compared to MGO/MDO/ULSFO and the scrubbers.

The primary reason is the cost implication for retrofitting or new installation, but its
demand seems to have soared. For example, by the end of 2014, LNG-fuelled ships in
the BSR were only Viking Grace the dual-fuel ferry owned by Viking and two LNG-
powered (gas-only engine) cruise ferries of the Fjord Line operator. However, by the
end of 2015, there were 24 new builds, and 3 LNG retrofitted ships, and as at 2016,
there are over 40 LNG-propelled ships ordered from different shipping lines with their
delivery dates up to 2018.

The Use of Scrubber: In the BSR, ferries, ro-ro and general cargo (feeder
container ships) are the majority of the ships that are equipped with the scrubbers. Even
though fuel price has been on the downward since 2014 and the price spread between
the HFO and the MGO has dramatically reduced, some ship owners still invest in the
scrubber technology.

According to the Baltic Port organisation (BPO), by the end of 2015, 5.4% of the
total short sea shipping ships were equipped with scrubbers, which amounts to 73
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vessels in the BSR. More so, more ships are already scheduled to be retrofitted before
the end 0f 2017. By the end of 2020, about 200 ships are expected to be retrofitted with
the scrubbers. Most ports operators brought up arguments on the ecological safety of
the open loop scrubber since its wash water is discharged back into the sea together
with an unclear rule as to whether it has been banned or is still being allowed to be used
in the BSR.

There was much favour towards the hybrid model because the closed loop scrubber
will be useful on the shallow Baltic waters and at the same time its open loop part will
be useful while non-SECA. The Dry scrubbers are not popular, and only one ship is
equipped with a dry scrubber in the BSR. Tests in Poland showed that using a scrubber
needs additionally up to 13 MWh of electricity per day. In the case of an electricity
production price on board the ship of around 80 € per MWh, this means that it would
need additional costs of €100,000/year.

Compliance Cases from Shipping Companies Three cases presented to highlight
the efforts made by the shipping companies regarding their compliance with the SECA
regulations as follow:

Case 1: Tallink, Estonia. Tallink has 17 vessels - 2 cargo, 6 Ro/Ro, 9 cruises
altogether. Currently, 3 of these vessels are chartered out. At the moment, Tallink
strategy is to use MGO while on SECA and HFO in non-SECA. However, one of the
latest addition to their fleet because of SECA is the Megastar, which is equipped with
dual fuel engines and will be propelled by LNG and built by the Meyer wharf in
Turku - Finland. The propulsion is equipped with 5 engines, which run around 6.000h
per year. 3 Wartsild 12V50DF (11.4 MW/machine) and 2 Wirtsila 6L50DF (5.7
MW/machine). This means that the engine can be switched automatically from fuel
oil to LNG operation at loads below 80% of the full load. In order to switch, the
operator's command can be an automatic initiate transfer that takes only about a
minute allowing the fuel oil to slowly change to LNG.

Case 2: Viking Line, Finland. Viking line operates 7 vessels. Viking strategy for
SECA is to use fleets propelled by LNG. An already existing LNG driven ship is the
Viking Grace. The Viking Grace started its service in 2013 and is equipped with 4
Wairtsila 8LS0DF engines (7.7 MW/machine). It sails on the route between
Stockholm, Aland and Turku. Viking line has already ordered one more LNG driven
ship that would arrive by 2020. There is no mention on any scrubber retrofit.

Case 3: DFDS Seaways Denmark. DFDS owns 53 vessels, 5 are on charter while
1 is laid up. Leveraging on the reduced price spread between oil fuel and gas oil, the
most prominent investments in scrubber technology in the BSR is by DFDS Seaways.
DFDS has 17 scrubbers' retrofitted ships that cost the company about DKK 568m
(Approx. 80m EUR). The company's target is to install scrubbers on 210of its ships by
2017. Atthe end of the 2015 financial year, the company reported that it had achieved
the budgeted return on investment for the scrubber strategy. DFDS is one of the
scrubber grant recipients from the EU. It has received DKK 35m (Approx. Sm EUR)
on this premise up to date.
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Compliance Activities in the BSR Ports This section presents four key SECA
compliance activities in the BSR ports: (a) LNG infrastructure; (b) Onshore Power
Supply; (c) Incentives for shipping companies; and (d) Compliance Monitoring and
Control.

(a) LNG infrastructure. The development of LNG bunkering infrastructure
within the BSR was initiated by the Baltic Port Organization “LNG in Baltic Sea
Ports" and LNG in Baltic Sea Ports II projects for the harmonisation of pre-
investment activities of Ports networks to standardise the LNG system. This
initiative was because of the EU Directive 2014/94/EU that TEN-T core seaports
must be equipped with accessible LNG bunkering points by 2025. So far, there has
been a steady increase in the development of LNG bunkering infrastructure within
the Baltic ports. There are terminal feeds for vessels with LNG going through
bunkering upgrades. Some of them currently use the ship-to-ship, tank truck to ship
bunkering. The port of Stockholm was the first port in the BSR to take the LNG
initiative, and it was the first port in the world to offer LNG bunkering solutions
through a bunkering boat for LNG supply to Viking Grace, a cruise ferry. Other LNG
terminal infrastructures are in Swinouj $cie, Poland, Port of Klaipeda, Lithuanian and
Lysekil, Sweden. There are other small-scale LNG terminals in Nyndshamn and
Gothenburg Sweden. LNG has a gas bunker station used for Fjord Line in the Port
of Hirtshals, Denmark.

(b) Onshore Power Supply. Onshore Power Supply (OPS), also known as shore
connection, shore-side electricity and cold ironing is a solution that allows the ships
to turn off their auxiliary engines to stop the use of fuel. The use of OPS allows a
substantial reduction in emissions, noise and vibrations generated by ships berth at
ports. This technology is particularly crucial for crews, passengers and residential
areas closed to the ports as obtainable in Stockholm, Ystad, and Gdynia and Tallinn.
The ports of Gothenburg, Liibeck, Helsinki, Ystad, and Stockholm currently
provides OPS. Helsinki introduced shore power in 2012 for Viking Line’s ferries.
The Port of Ystad has a large OPS system for both 50 Hz and 60 Hz. Stockholm port
was planning to have all of its five new quays equipped with the OPS system by the
end of 2016, but these are not ready yet.

(c) Incentives for shipping companies. Currently, most incentive activities are
geared towards ships that use LNG, generate low NOx emissions or use the OPS.
The Port of Gothenburg, for example, uses the Environmental ship index (ESI) and
the clean shipping index (CSI) for its reward system and award ships fuelled by LNG
a 20% discount saving the ships SEK 0.05 per gross tonnage (GT). This will make a
vessel like Viking Grace, calling at Stockholm daily to earn a rebate of around SEK
1 million (approx. 105,400 EUR) every year until 2019 when the port plan to stop.
Besides, ships with ESI score of 30 points or are categorised as "green" by CSI
yardsticks are awarded 10% discount off the port dues according to their GT. Port of
Gothenburg, also offers a rebate for the use of OPS. The Port of Rostock offer vessels
with EST of 40 points and above a range of 5% to 10% discounts. In the Port of Riga,
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a 10% rebate of port charges is given to crude oil tankers with a Green Award
Certificate.

(d) Compliance Monitoring and Control. Compliance and monitoring are
done through inspections and fuel samplings. The standard practices are the
inspections of the IAPP6 and IOPP7 certificates, Oil Record Book, bunker delivery
notes (BDN), logbooks and records relating to the fuel switchover before entering
the SECA and navigational activities. Inspections are made mostly on ships without
installed emission abatement equipment. In some countries like Poland, fuel samples
are collected and analysed for inspection, but in other countries, samples are only
analysed if there were indications of abnormalities noticed or perceived during
document inspections. Samples are taken from the service tank, or return pipe or fuel
filter and analysed by accredited laboratories. Analysis usually takes between 1 to
7days. Sometimes the inspectors make use of handy equipment that can immediately
detect the sulphur content of the fuel used on-board although the results provided by
this method are only indicative that usually need further confirmation from
laboratory analyses. 6,801 inspections were made in 2015 up until March 2016.
Surveillance aircraft are also strategically stationed at the water belt of Helsinki and
Denmark to monitor emissions based on optical and sniffer measurement. An optical,
ultraviolet spectroscopic sensor analyses reflected solar light that passes through the
smoke (also called DOAS, (Differential Optical Absorption Spectroscopy)) to
measure the path concentration of SO, and NOyx from the ship. Airborne
measurement of about 100 ships carried out monthly. The preliminary report from
the EnviSuM technical team gave a 96.5% compliance in the BSR ports, which has
been consistent (Mellqvist, 2016).

4.2 Impact of SECA Regulations on Maritime Business
Activities in BSR

Tallinn University of Technology together with the Maritime Development Centre
started an ongoing survey on the impact of SECA regulations on maritime business in
BSR from October 2016. The underlying questionnaire included 10 questions assessing
the impact of SECA regulation from the view of different maritime stakeholders. The
10 questions covered the overall economic impact of SECA as well as the impact on
blue growth, costs, pricing, own company development, innovation, FDI, cargo flows,
modal split and branding of BSR as shown in Table 2. Five-point scaling from -2 = very
negative to 2 = very positive was used to measure the maritime stakeholder view for all
questions. Until now 60 questionnaires from all BSR were collected showing a first
trend on how SECA regulations affect or is assumed to impact maritime business
activities.

Based on the completed questionnaires, statistical analysis was carried out to in order
to find core patterns in the maritime community. The first observation shows that nearly
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Table 2 Description of economic impact of SECA regulations

What is the impact of SECA regulations on the maritime businesses and the BSR?
Overall economic impact on BSR

Impact on blue growth in BSR

Impact on your product/service costs

Impact on your pricing

Economic impact on your company development
Impact on innovation of maritime sector in BSR

Impact on the attractiveness of BSR for foreign direct investments (FDI)

Change of cargo flows within Europe

Change in transport modal split within the BSR
Reputation/Branding of BSR
Note: N of data = 60

all Mean (M) results for all the questions were close to zero, except the M for innovation
and branding which were around 1. Statistical tests confirmed the significance of this
results and also revealed that the overall Ms are not significantly different for the high
impact priority groups of maritime stakeholder (i.e. ship owners, ports, maritime
suppliers) which suggest that the assessment of SECA impact are relatively
homogeneous among the maritime sectors. The interpretation of these first results
indicates that 2 years after 0.1% SECA in BSR until now, the impact on economic
parameters like costs, pricing, FDI, cargo flows and modal splits are considered
negligible by the maritime stakeholders. Significant SECA impacts are, however,
attributed to innovation and reputation of BSR.

Additional regression analysis was used to find out which of the remaining nine
variables affects the variable "overall economic impact of SECA". The F-test showed
a significant fit for the resulting model even though the R-square was 52%. The
regression analysis coefficients and the related t-test revealed that variables “blue
growth” and “FDI” are statistically significant, both with a positive leading sign. The
variable “pricing” appeared to be “nearly significant” with a p-value of 7% but with a
negative sign. The Beta-coefficients percentage shows that three variables “blue
growth”, “FDI” and “pricing” are accounted for in about 60% of the impact in “overall
economic impact of SECA”. The negative sign of the “nearly significant” variable
“pricing” suggests that increasing pricing will have a negative impact on the overall
perception of SECA.

Finally, the ANOVA analysis of the responses of the ship owners and the Ports
concerning the SECA regulation impact on the modal split revealed a significant
difference. Whereas the Mean of ship owners on the modal split was slightly positive
with a value of about 0.4, the corresponding value for the ports was about -0.4.
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5 Implications and Conclusions

SECA regulations have already been in force in BSR for 2 years now and have no doubt
enhanced clean shipping in BSR with significant changes seen with vessels that operate
on the Baltic Sea as well as the Ports. The EnviSuM project aims to reveal empirically
the impact of SECA regulations in BSR and the first measurements, which shows a
compliance rate of 96.5% in most BSR ports confirms significant health benefits for
the BSR. Furthermore, ongoing expert interviews and survey suggest that the maritime
stakeholders in BSR expect a minimal economic impact of SECA regulations on
shipping sector, especially on pricing, costs, FDI, cargo flows or modal split. Only
innovation, branding and reputation of BSR are expected to improve significantly
through SECA regulations. Surprisingly, this assessment does not differ significantly
among all the maritime stakeholder groups in BSR. Some of the expert interviews and
studies of secondary data also revealed that most of the ship owners took advantage of
the low oil price to comply with SECA regulations in BSR by using MGO. By doing
so, most of the ship owners try to postpone the expensive abatement investments.
Economic implications and unreliability of the fuel price are the primary reason for this
investment stalling. Other reasons are fear for the loss of revenue during installations,
time spent on retrofitting, further and post-installation and modification activities as
well as the constant need for intervention from the manufacturers, especially regarding
maintenance.

There were many views that the implementation of SECA should have been better
prepared for and many ship owners were confused regarding the expected costs and
benefits related to the different abatement and emission control technologies, which has
led to sub-optimal solutions. Most ship owners would have preferred to have access to
reliable information to help them make decisions. However, with the current situation
in the shipping market, where there is excess capacity for demand, there is very little
willingness to invest in LNG vessels and the scrubber technology. Although the
interesting information from the expert interviews indicated that the trend for the
decision on abatement strategy is that ship owners would prefer a scrubber installation
for used vessels and LNG installations for new builds, this can be confirmed by the fact
that there are only 3 LNG retrofitted vessels running in BSR. However, the BSR can
still be considered a bedrock for the implementation of LNG infrastructure, but its
specialised infrastructure for bunkering purposes is necessary to allow the growing
number of LNG-fuelled ships to operate. It is, therefore, necessary that Ports be
involved in LNG bunkering facilities synergies with ship owners and other stakeholders
like the LNG suppliers. It was generally accepted that the use of LNG as ship fuel would
be more popular in the coming years.

Another interesting matter that kept cropping up was the use of OPS, which has
improved the air quality and the noise level in Ports considerably. However, the OPS
requires adaptation and suitable equipment (e.g. frequency converters) not only in the
Ports but also on board the ships, this is another inclined investment action, which also
requires the cooperation of both the Ports and ship owners.

A thought-provoking question that emerged from the different interactions is that
since MGO and other compliant fuel are distillates; what are the necessary actions
needed to prevent the residual fuel from becoming industrial waste? The scrubber
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technology seems to provide a much-needed technology push effect for European
technology but how many ship owners can afford the costs?

Prior to the strengthened requirements for sulphur reductions, there was fear that the
SECA regulations would hurt the maritime industry. However, there has been lesser
effects than was initially anticipated especially with the ship owners and the Ports.
There are probably several reasons for this. First is that there has been a substantial drop
in oil prices, which has absorbed a lot of the feared cost, increased. Since fuel costs are
the primary cost component for the ship owners, this has led to substantial savings. It
will, therefore, be interesting to see what will happen if the oil prices go up again.
Another reason for the low impact might also be an overcapacity witnessed in the
shipping market. Some ship owners have closed down routes, changed routes and some
have changed to larger vessels to adapt to SECA and reduce negative economic impacts.
Most ship owners have used the over-capacity opportunity to slow steam, achieving
significant financial savings. It seems like this will continue for many years to come.

The SECA research in BSR will be providing a very useful case study especially
when the global sulphur cap comes into full effect in 2020. Although a cause-effect
situation might be difficult to extrapolate without a higher population size, this work
contributes to the body of knowledge in the following ways: It postulates the economic
consequences and the market potential for abatement technologies beneficial for
knowledge integration in Maritime in BSR and Europe. It also provides an excellent
prospect to use the BSR SECA as a test bed and demonstration platform for solutions
that are larger and can be used globally. Furthermore, since parameters like fuel prices
and market demand are also critical parameters to capture a fuller impact of the different
SECA compliance options, further research is needed to measure the full impact of the
SECA regulations especially towards the creation of “Investment Decision Tool"
accessible to all Maritime stakeholders.
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The clean shipping concept emerged in a bid to make maritime
transportation green and environmentally friendly. This mandate
is being accomplished through improved conducts, actions and
technology in the maritime industry. One of such measures was the
creation of the Sulphur Emission Control Areas (SECA) in 2005
and 2012 to reduce the rate of sulphur emissions from shipping.
Sustainable growth—an EU 2020 priority—is strategically linked to
the SECA regulation in that it promotes resource efficiency, greener
environment and a competitive economy.

Thus, the International Maritime Organisation (IMO) and, as adopted
by the European Parliament (EP), SECA regulation stipulated
that from 2015 all ships in SECA are under the obligation to use
low sulphur marine fuel that must not exceed 0.1% (IMO, 2011).
This regulation has incited rigorous arguments on the economic
disadvantage it would subject affected maritime stakeholders who
are made to comply with stringent regulation their counterparts in
non-SECA are not subjected to.

Two years of 0.1% sulphur regulations have witnessed many changes
in the maritime industry and most of the first responses were realised
with vessels that ply along the Baltic Sea. This work presents an
account of European maritime industry s approaches towards SECA
regulations and the stakeholders’ thoughts on the economic impact
of SECA. This contribution brings a clearer picture to the status quo
as well as highlighting a needed future focus.
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1. Introduction

Shipping is considered environmentally friendly because the cargo conveyed
on a tonne mile basis appears insignificant when measured and compared to
the mass and space of water (Jiang, Kronbak & Christensen, 2014). However,
despite this, ships are the major source of pollutants such as carbon oxides
(CO,), sulphur oxides (SOx), ozone depleting substances (ODS), volatile
organic compounds (VOC) and (nitrogen oxide (NOx) emissions (Wisnicki et
al., 2014). Even though most of the emissions from the ships are deposited
into the deep sea, these emissions are still responsible for acidification and
eutrophication, and especially for the negative impact on the environment
(Airclim, 2011; Sheba, 2014). After a prolonged exposure, they form poisonous
compounds that infiltrate the lungs and poison the blood causing premature
death from inflammation, heart and lungs failure (Alcamo et al., 1987; Corbett
& Farrell, 2002; Cullinane & Bergqvist, 2014). While shipping is compared to
other modes of transportation, it appeared better in terms of an amount of CO,
emissions (Holmgren et al., 2014), however, the production of sulphur oxides
(SOx) and nitrogen oxides (NOx) emissions from shipping activities is greater
in comparison to land transportation (Panagakos, 2014).

The priority of clean shipping is to make maritime transport greener (Stipa,
2013). Integrated clean shipping strategy zooms on three areas. The ship that can
be received in all ports with near to nil target emissions, ports that are competent
and equipped with environmentally-friendly facilities and at the same time
can offer encouraging incentives to expedite clean shipping, and lastly, cargo
with appropriate corporate footprint and owners that embrace environmentally
conscious decisions (NSF, 2008). These efforts are synchronised with the Europe
2020 objective of sustainable growth (Prause, 2014a). According to EU (2010),
they include the following:

. ‘Smart growth’ or creating an economy-based knowledge and innovation;

e ‘Sustainable progress’ or encouraging a resourceful, competent, greener
and more competitive economy;

. ‘Inclusive growth’ or nurturing a high-employment economy that will

deliver social and territorial cohesion.
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Green growth, social sustainability and energy efficiency are the core to
achieving growth sustainability (Prause & Hunke, 2014). Many efforts are
seen in the development and expansion of greener initiatives around Europe.
Examples are in the public transport system, reductions in fossil and fuel
consumption, waste management, district heating, climate change awareness,
reduction of greenhouse gas emissions by 20-30% and green infrastructure
initiatives (Hunke & Prause, 2013; Prause, 2014b; Nabielek, Hamers & Evers,
2016). There is a high focus especially on the creation of about 20% of the EU
energy demands from renewables and increased energy productivity by 20%
before 2020 (EU, 2012).

As aresult, international legislation on shipping was strengthened and shipping
is no longer allowed as usual. Particularly, this policy focuses on a reduction
of sulphur in ship fuels, which is expressed in terms of % m/m (mass). Thus in
May 2005, the Sulphur Emission Control Area (SECA) was created to curtail
airborne emissions from ships. In that, ships trading in designated emission
control areas will have to use on-board fuel oil with a sulphur content of no more
than 0.1% m/m from 1 January 2015 (IMO, 2015). The SECA area embodies
about 0.3% of the world’s waters (Notteboom, 2010).

Panagakos (2014) emphasised the importance of fortified regulations and
environmental awareness for the stimulation of clean shipping and at the
same time warned about the magnitude of the costs for the maritime industry.
If Panagakos’ deductions are true, the repercussions of the SECA regulations
on the maritime sector stakeholders can be linked directly or indirectly to the
investment decisions that will ensue in the compliance actions. Normally, the
affected companies respond to regulations by changing their strategies for the
innovation process and activities such as research and development, expansion,
equipment upgrade (Olaniyi & Viirmie, 2016). In their studies, Himéldinen
(2015) and Hamaldinen, Hilmola & Tolli (2016), showed concerns on the
implication of the SECA regulation that it could lead to a modal backshift from
sea to the road causing more road pollution and congestion, thereby conflicting
with other land regulations. Other concerns were for reduced revenue for
export companies whose supply chain is mainly marine based (AirClim, 2011;
Himilédinen et al., 2016).

In 2015, the EU officially approved EnviSuM—Environmental Impact of Low
emission Shipping Measurements and Modelling Strategies project—to research
and evaluate the technical efficiency and the socio-economic impact of clean
shipping solutions in the BSR in the framework of the BSR Interreg Programme.
The EnviSuM plans to deliver verified results on the effectiveness of the various
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clean shipping solutions and offer beneficial references for the environment and
health of the BSR population. It also plans to promote economic development
in the maritime sector. Thus, this study is a part of the current EnviSuM project
studies on the economic consequences of the Sulphur Emission Control Area
(SECA) regulations on maritime stakeholders in the BSR. The aim of this work
is to study the BSR maritime compliance activities concerning reduction of
sulphur emission. It also studies collective stakeholders’ assessments on how the
SECA regulations have affected or will affect their businesses and the BSR. The
research questions addressing this subject are: (1) How has the SECA regulation
influenced the maritime sector in the BSR? (2) How has the innovation that
stemmed from the SECA regulations compliance influence blue growth and
clean shipping activities in the BSR? and (3) What are the stakeholders’ reactions
to these impacts?

Innovation, in this study, is ‘incremental innovation’—improving already
existing products by making them better, faster, and cheaper; ‘process and
business model innovation’—implementation of a new/improved products and
services that occur through the cross-sectorial blend of technologies, design
and business simulations consisting of unique incidents that lead to beneficial
change as described by Olaniyi and Prause (2016).

The first and the second question will be answered by using the qualitative
analysis of interviews and focus group sessions, while the third question will
be tackled by using a survey analysis. This contribution is aimed at improving
the integration of new knowledge that will provide new systems for cleaner and
more cost-effective shipping for the maritime sector.

The structure of the work is as follows: Section II discusses the theoretical
framework. Section III describes the methodology. Section IV highlights the
various SECA directive compliance activities observed in the BSR as well as its
economic influence on maritime businesses environment and the BSR. Section
V discusses the implications of the results and Section VI concludes.
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2. Theoretical framework

2.1 Institutionalism and its influence on industrial behavioural pattern

Organisations are subjected to and dependent on environmental influences
(often referred to as institutional forces) and one of such influences are
regulations (Furusten, 2013). Regulations force organisations to conform in
order to meet the criteria for corporate citizenship (Gardberg & Fombrun, 2006).
Institutional theory (mostly used for the adaptation of organisational practices)
postulates that organisational structures are not spontaneous nor driven only by
competition or wanting to be effective but are mostly influenced by the rules,
norms and demand of their environment and stakeholders (Meyer & Rowan,
1977; DiMaggio & Powell, 1983; Dacin, Goodstein & Scott, 2002). Institutional
theory gained popularity because it was able to explain the complex assessment
of why organisations change their character and influence progressively (Dacin
et al., 2002), and provides an explanation for the parallelism that is common
between them and their environments which emphasise that organisations are
structural reflections of socially created realities (Meyer & Rowan, 1977).

The core of the institutional viewpoint is that normative pressures, whether
external or internal, usually influence organisations. Even more so, when
organisations are within the same environment they are sometimes obliged
to practice similar activities (Peters, 2000). This mostly happens when
organisations are trying to conform to constitutional rules in their bid to be
legitimate and successful in the environment they find themselves. Sometimes,
members of a particular industry do not have choices that can be modified
through their membership but have to accept predetermined choices (also called
norms) that cannot be changed by their association. This gives an explanation
concerning the predictive nature of organisations (Martin & Frost, 1996), in
which conformity ensures legitimacy and institutional initiatives produce safety
nets and opportunities that cushion and reduce organisational risks (Gardberg
& Fombrun, 2006).

A “norm” is a rule created by a group of people in a particular environment with
some degree of binding authority over the same set of people (Meyer, 2008).
These changes are mostly about organisations responding to the challenges of the
existence of the institutions governed by their environment (Dacin et al., 2002).
In some cases, conformity comes as result of a direct mandate from the state
(DiMaggio & Powell, 1983). Legitimacy activities can facilitate the opportunity
for an organisation to distinguish itself and construct local advantages (Kostova
& Roth, 2002). An example of tthis is an environmental regulation like the
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SECA regulation. While there are common rules across boards, organisational
conformity to the institutional atmosphere give room for positive appraisal and
increases survival chances (Zucker, 1987).

In most modern organisation theories, organisations try to differentiate
themselves with their structures. However, structural change in organisations
is not so much driven by the mentioned factors as they are by institutionalism,
which leads to homogeneity (DiMaggio & Powell, 1983). Institutional theory
proposed a correlated description for homogeneity in organisations known
as ‘institutional isomorphism’ (Lieberman & Asaba, 2006), as a coercing
process that forces a specific unit of population to bear resemblance to other
units that are in the same regular conditions which make them competitive or
normative (DiMaggio & Powell, 1983). As such, organisational features are
modified towards a growing compatibility with the norm. Sometimes these
practices evolve over time due to shared knowledge (‘mimetic isomorphism’),
on the other hand, sometimes it is due to some social realities that are enforced
by the law, stakeholders or public opinions thus becoming legitimate and
institutionalised (‘coercive isomorphism’) (Meyer & Rowan, 1977; DiMaggio
& Powell, 1983; Dacin et al., 2002). In some other cases, organisations respond
to what they perceive as suitable and appropriate for the environment where
they are (‘normative isomorphism’) (DiMaggio & Powell, 1983).

To study the influence of the institutional environment on the organisation in
another methodical way, Kostova and Roth (2002) introduced the institutional
profile theory and called them issue-specific pillars. These are regulatory,
cognitive, and normative institutions, which are usually influenced by different
motivation or isomorphism. Defining the three pillars, Kostova and Roth
explained that the regulatory pillar mirrors the existing regulations and rules in
anational environment and stimulates a particular set of attitudes. The cognitive
pillar reflects the stereotypes used in a given country while normative pillars
show their values and beliefs. Affirming Zucker’s (1987) summation that in
an institutionalised context, organisations are pressured to become increasingly
similar due to environmental control and that some of the indicators of
‘institutional environment’ reflect pressures that are external to the organisation,
such as the laws and regulations created by the states or professional authorities.

One the other hand, this particular part of the neoclassical paradigm of the
institutional theory also focuses on the study of how regulations as an institutional
structure can cause organisations to respond differently to the same set of
simulations (Reynolds, 1981). In compliance, while organisations are expected
to respond in a certain way to meet regulatory demands, there is no guarantee
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that the whole system will do so in similar actions to achieve legitimacy. Even
though the existence of common legal conditions affects many aspects of an
organisational activity and decisions, most imitations seen in organisational
structures are because of the fact that there are no other set choices to select
from (DiMaggio & Powell, 1983). Hence, the selection is usually subject to
the evaluation of individual organisational interests and perceived benefit
(Reynolds, 1981).

When the SECA directive was introduced, maritime stakeholders and related
organisations had to comply in order to be legal to run shipping businesses
in the SECAs. They had few compliance options to choose from and a lot of
them had to carefully make their choice based on perceived benefit, acceptable
risk and costs of investments. In new institutional economics, transaction costs
(compliance costs) are expensive with the tendency to interfere with effective
productivity (Olaniyi & Viirmie, 2017). Thus, compliance choices are strategic
for most companies.

2.2 Sulphur emissions regulations and shipping on the Baltic Sea

To ensure synchronisation with other international law as well as for improved
implementation, the Directive 1999/32/EC was enacted to regulate sulphur
emissions from ships and was amended by Directive 2005/33/EC in Annex
VI of the International Convention for the Prevention of Pollution from Ships
(MARPOL 73/78). The law restricts the sulphur content of the marine fuel used
in the designated sea areas to 1.5% m/m, further to 1.0% by 1 July 2010 and
later to 0.1% w/w by 1 January 2015 (IMO, 2008; 2009; 2013). The Baltic Sea
Region (BSR) was the first water designated as SECA in 2006 and in 2007, the
North Sea Area and the English Channel (Nugraha, 2009). In December 2016,
China also designated three emission control areas in its states. These are the
Pearl River Delta, the Yangtze River Delta, and the Bohai Sea in China waters
(North, 2016). Recently, in the MEPC 70th meeting, the global sulphur cap in
non-SECA of 3.5% was reduced to 0.5%, effective from January 2020 (IMO,
2016).

In MARPOL 73/78, the BSR is described as “the Baltic water with the Gulf
of Bothnia, the Gulf of Finland and the entrance to Baltic Sea bounded by the
parallel of the Skaw in the Skagerrak at 57°44°.8 N”. This is approximately
about 415,000 km? and shallow. It is known as the major brackish water in
the world, measuring 53m in depth and having a narrow canal that makes
navigation challenging for cruising ships (Helcom, 2012). Because a significant
share of the world’s marine cargo freight takes place on it, it is subjected to
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rigorous shipping activities (Breitzmann, Moéller & Wenske, 2013) making it
the most heavily plied seas in the world up to about 15% (Daduna, Hunke &
Prause, 2012). All these activities make the Baltic Sea vulnerable to substantial
pollution whose aggregate effect will be harmful (Breitzmann et al., 2013).
Substantial foreign trade freights are routed through the Baltic Sea ports of
Finland, Sweden, Denmark, Poland, Russia, Germany, Estonia, Latvia and
Lithuania and as a result of steady growth witnessed in the economic sector of
the BSR, escalated trade freights on it are foreseeable in the future (Helcom,
2012; Daduna & Prause, 2016).

The SECA regulations, as other regulations, typically are expected to increase
the costs of shipping operations, especially for ships that ply SECAs regularly.
There are concerns that the SECAs might alter the competitiveness of European
industry in global markets and international trade or even disrupt the level playing
field of globally operating industries (Korhonen et al., 2015), and the delivery
of economic growth (COMPASS, 2010). Already, there was the anticipation of
about 25-35% increase per tonne freight (Notteboom, 2010). The 2020 global
sulphur cap of 0.5% is also speculated to increase the costs of container ship
to about 4-13%. COMPASS (2010) hypothesised that global sulphur cap could
result in an increase in the overall price of fuel by 2020. This speculation could
lead to some industries relocating for “better” business conditions. For instance,
Héamaéldinen et al. (2016) stated that companies like the paper machine and mill
in Finland might be facing closure due to the SECA directive, because of cost
challenges and may have to relocate the bulk paper production closer to the
markets in Central Europe. However, OECD/ITF (2016) refuted the impact of
the sulphur emission regulation on global trade flows and reported that it has
been negligible.

A lot of authors already have extensively evaluated the different options for
the SECA regulations compliance (i.e. Notteboom, 2010; Wisnicki et al., 2014;
Jiang et al., 2014; Nugraha, 2009; Brynolf et al., 2014; Bergqvist, Turesson &
Weddmark, 2015; OECD/ITF 2016), which will be explained briefly in the next
paragraphs.

The easiest option to reduce sulphur emission is to change the use of the usual
marine heavy fuel oil (HFO) to cleaner and lighter distillates that emit little
waste after combustion such as the Marine Gas Oil (MGO) and Marine Diesel
Oil MDO (Farrell et al., 2002; Brynolf et al., 2014; Wisnicki et al., 2014). Fuel
switching option is subject to the unpredictable trends in fuel prices because of
the volatility prevalent in the fuel market (Jiang et al., 2014; Hamildinen et al.,
2016).The second option is the use of alternative fuel such as liquefied natural
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gas (LNGQG), biogas, biodiesel, ethanol, methanol, coal, nuclear power, wind,
solar panels, and hydrogen cells. The use of LNG is arguably the most politically
supported option. Natural gas has long been widely used in land industry for
heating and transportation purposes. It is naturally low in sulphur and satisfies
the new sulphur regulation requirements (Jiang et al., 2014). The discussions
on LNG are popular because ship engines that operate on it emit almost zero
SO,. Not only this, the emissions of NOx and PM are also drastically reduced by
80% or more (AirClim, 2011). It is more convenient for vessels trading between
fixed ports where LNG fuel is available to use LNG as marine fuel than for
large ships that need deep sea shipping (Wisnicki et al., 2014). Bergqvist et al.
(2015) explained that keeping LNG in liquid form requires the gas to be below
its boiling point, which is 163° C kept under pressure and requires large tanks
installed either above the deck or inside the ship. As expected, the tanks will
take about three times or more space than other fuel tanks. This is one of the
disadvantages of using LNG. It is rather expensive to convert old vessels to
LNG, so most LNG-powered vessels are newly built (Bergqvist et al., 2015).

Another popular option is the use of the scrubber, an abatement technology
that removes sulphur deposit from the ship exhaust and permits the use of the
cheaper HFO (Concawe, 2013). There are two types of scrubber—the dry and
the wet scrubbers. The wet scrubber is categorised into three types: the open
loop, the closed loop and the hybrid system scrubbers. One of the drawbacks
common with the use of the scrubbers, mostly the wet scrubbers is how or
where the acidic wash water is discharged. Another is that the discharged sludge
must be kept in storage on board until the ships berths giving the ship extra
weight while cruising (Jiang et al., 2014). The cost of the retrofit is around
2—4 million euros, subject to the age and the size of the ship. A scrubber has a
lifespan of 10-15 years (Brynolf et al., 2014) and 3-5 years of payback period
(Atari & Prause, 2017). The scrubber can be installed on both new and old ships
(Bergqvist ef al., 2015).

A special measure to reduce ship emissions in the ports is the use of onshore
power supply (OPS), a land-based power grid connection when vessels berth in
ports. This is a corresponding EU directive that enforces shore-side electricity
supply infrastructure to be installed in all TEN-T Core network ports and other
ports by 31 December 2025 (Directive 2014/94/EU). Usually, scrubbers are
fitted on the main engines, at berth ships usually shut off the main engine and
leave the auxiliary engines running to generate electricity. When the onshore
power is used, there is a reduction in the emissions from ships. With various
ports installation facilities coming up, ship-owners are being encouraged to
adapt their ships to using onshore power when berthed (OECD/ITF, 2016). This
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option has become a necessity for ships who have a great need for electricity at
berth (Ecofys, 2015; OECD/ITF, 2016).

3. Methodology

3.1 Instruments and materials

All data collection activities took place between May 2016 and May 2017.
The first and second research questions were answered by examining previous
studies and published reports on SECA. Furthermore, face-to-face structured
and semi-structured experts’ interviews were made across the BSR. Where face-
to-face interviews were impossible, phone calls and Skype videos were made.
The interview lasted between 1 and 2 hours. 39 interviews were made. Other
study instruments were the BSR maritime experts’ focus group meetings in the
frame of EnviSuM learning café.

The third research question was investigated through a survey study. The survey
was conducted to assess BSR maritime experts’ perceptions on the economic
effect of SECA regulations. A pilot survey was first conducted according
to Easterby, Thorpe & Jackson (2012) to create content validity, clarity and
suitability. EnviSuM partners from Germany, Estonia, Finland, Denmark,
Norway and Poland were part of this activity. 509 surveys were sent out through
a collective effort from all EnviSuM partners across the BSR, collecting 122
respondents, representing a cross-section of maritime experts at the management
level. The low responses from the survey were triangulated with previous results
from interviews and focus group meetings according to Leary (2009).

3.2 Sample

Top management executives were targeted because they make most of the
economic and investment decisions. The stakeholders were divided into 5
categories and catalogued according to how directly impacted they are from
SECA regulations. Table 1 depicts this categorisation where a 3-star level
indicates high priority, 2 stars indicate medium priority and a 1-star level means
low priority. Using this, categories 1, 2 and 3 consisting of Shipping companies/
Ship operators/Ship owners, Ports and Ship Suppliers became the major focus
of this data analysis.
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Table 1. SECA Maritime Stakeholders Priority Index

Order
Category Maritime Stakeholders of

Impact
Category 1 Shipping companies/Ship operators/Ship owners 3 stars
Category 2 Ports 3 stars
Category 3 Ship Suppliers (maritime equipment and services) 2 stars

Category 4 Port authority, Non-governmental organisation (NGO) 1 star
Public sector (Ministry, Municipal, Government
agency, Education, Research), Police/customs

Category 5 Shippers (Logistics service providers, Production and 1 star
Trading, Real Estates/Facilities managers)

3.3 Measurement and analysis

Analysis of this research encompasses 2 studies:

Study 1: The analysis was based on interviews, the focus group meetings and
document reviews. A descriptive analysis of the interview data according to Yin
(1989) was used to highlight SECA related activities and their core patterns in
the maritime community in the BSR.

Study 2: The analysis was based on the survey. Statistical software was used to
analyse and interpret the perceived impact of SECA regulations on maritime
business activities in the BSR. The first part of the analysis was conducted
to acquire data on the stakeholders’ general perception of SECA. It included
maritime sector-specific questions on their SECA related activities, SECA
implementation benefits, gaps, and maritime stakeholders’ future expectations.
In the second part, the survey analysis included a 10-factor questionnaire
to measure the economic impact of SECA regulation from the viewpoint of
the maritime stakeholders. The question, as elucidated in Table 2, covered
the economic impact of SECA on blue growth, costs, pricing, own company
development, innovation, FDI, cargo flows, modal split and branding of the
BSR.

A 5-point summative rating scales from -2 to +2, the degree to which the
impact is very negative to very positive, was used to evaluate each factor. The
mean score of the answers obtained regarding the impact of SECA regulations
indicates the degree to which the questionnaire relates to the underlying overall
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perspectives. Kerlinger (1986) discussed some of the weaknesses of the rating
scales and one of them is their measurements, as they are perceived to be “too
easy’” to construct for them to be impactful. This issue was addressed through the
pilot survey and interviews with various EnviSuM partners from the different
maritime sector where the survey was designed to allow open comments to
each question. This technique is similar to what Fowler (1995, p. 131) called
“the field pre-test with observation”. Item-specific comments were tracked and
analysed and wordings were improved as needed.

Table 2. Factor dimension of the economic impact of SECA regulations

What is the impact of SECA regulations on the maritime businesses and the BSR?

Overall economic impact on the BSR

Impact on blue growth in the BSR

Impact on your product/service costs

Impact on your pricing

Economic impact on your company development

Impact on innovation of maritime sector in the BSR

Impact on attractiveness of the BSR for foreign direct investment (FDI)
Change of cargo flows within Europe

Change on transport modal split within the BSR

Reputation/branding of the BSR

Note: n of data = 122

4. Results

4.1 Study 1: SECA regulations compliance activities

The results from the experts’ interviews, focus group meetings, and reports
reviews revealed the following:

4.1.1 Compliance activities by ship owners

The use of low sulphur content fuel: Because of the uncertainties that surround
the fuel price and SECA regulations, most ship owners at the moment are
favourably disposed towards the use of fuel distillates such as MGO and MDO.
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Fortunately, a new fuel type called the ultra-low sulphur fuel oil (ULSFO),
a hybrid fuel of different refinery streams with a higher viscosity and lower
volatility to the MGO has been developed and is gaining popularity as a cheaper
source of marine fuel since 2014. This is a major innovation stemming from
the need for a cheaper alternative from the heavy investment that is needed for
the scrubber and the LNG options. By the end of 2016, there was approximate
200,000mt Amsterdam—Rotterdam—Antwerp monthly supply that is projected
to increase above 350,000mt/month by the end of 2017 as reported by Platt
in October 2016. This will mean that the demand for marine gas oil, which
is currently about 320,000mt per month, will have an approximately 50-50
ratio (if not lower) with the ULSFO. Already there are nine different types of
ULSFO available in the markets worldwide, as reported by the Baltic Ports
Organisations (BPO) in 2016. However, some ship owners have shown their
concern over the unknown effect of using the ULSFO over time on ship engines
originally designed for HFO. Lastly, all respondents agreed that the 2020 global
sulphur cap is a major “game changer” and there are different speculations on its
full impact on fuel demand, which are beyond the scope of this study.

LNG as an alternative fuel: There was a strong promotion of LNG as a marine
fuel across Europe and many ship owners would prefer to use it. The use of
LNG is not only useful for the compliance of SOx and PM but it also ensures
the compliance of the anticipated NOx emissions regulation. Ferries are the
largest group of vessels fuelled by LNG. There are 18 ferries powered by the
LNG engine, 14 of which are small car/passenger ferries. Others are 4 general
cargo ships, 2 ro-ro ships, and 3 gas carriers. From discussions with BPO, there
are no containers ships or bulk carries fuelled by LNG. However, because of
how expensive it is to retrofit or to install in a newly built ship, out of the 28
ships operating short sea shipping in the European SECA, there are only 3 LNG
powered vessels operating in the BSR as shown in Figure 1.

The use of the scrubber: The scrubbers are mostly installed on ferries, ro-ro and
general cargo (feeder container) ships. However, the rate at which the fuel price
has plummeted in the past three years has somewhat decreased the investment in
the scrubber technology, although a few investment cases are still seen. By the
end of 2016, 83 ships were equipped with the scrubbers in the European SECA.
As shown in Table 3, there are 41 ro-ro and 28 ro-pax vessels retrofitted with the
scrubbers. Other retrofitted vessels are: 5 bulk carriers, 5 containers, 3 general
cargo ships and 1 tanker. The average age for a scrubber retrofit is 9.5 years. By
the end of 2017, more ships are still expected to be scrubber retrofitted with the
scrubber. Going by BPO extrapolations, there should be around 200 scrubber-
retrofitted vessels by 2020.
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Figure 1. The number of LNG-powered vessels on European SECA
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Source: Compiled by the author from multiple sources

German -North sea

Denmark- Baltic Sea -

Baltic sea
Morwegian - North Sea

North sea

0 2 4

Norwegian-North Sea (loca!) |

10 12 14 16

Number of LNG powered vessels

From an interview at the Maritime University of Szczecin, Poland, running a
scrubber on board ships requires additional 13 MWh electricity per day. This
means 80 euros per MWh will mean a 100,000 euros per year additional running
costs, notwithstanding the maintenance and extra running fuel costs.

Table 3. Scrubber retrofits in European SECA (ro-ro and ro-pax)

Shipping lines

Ro/Pax

DFDS
Finnlines

Transfennica

KESS

Royal Wagenborg
P&O Ferries
TransAtlantic
Condor Ferries
Brittany Ferries

Color Line

Scandlines

Stena Line
TT-Line

6
4

- N A DN O -

Total

41

Source: Compiled by the author from multiple sources
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Now there are ongoing debates on how safe using the open loop scrubber is to the
environment since the exhaust wash water is discharged directly into the seawater
and some are calling for its ban in the BSR. Although there are no clear rules on
how this should be handled, the hybrid scrubber innovation is widely accepted to
solve this dilemma. This way, ship owners can use the closed loop scrubber when
on the shallow waters of the BSR and change to the open loop during deep sailing.

4.1.2 Compliance strategy cases from shipping lines

Tallink, Estonia: Tallink has 17 vessels—2 cargo, 6 ro-ro, 9 cruises of which 3
are chartered out. The shipping line uses the MGO. In February 2017, Tallink
launched a new ship—The Megastar. The Megastar is a five-engine vessel
powered by both the LNG and the MGO

Viking Line, Finland: Viking Line runs 7 vessels. For SECA compliance, the
Viking is focusing on LNG-powered vessels. Viking’s first LNG-powered ship,
The Viking Grace, started operations in 2013 and was the first LNG-powered
ship in Europe. Like Tallink, Viking has no scrubber-retrofitted ship.

DFDS Seaways Denmark: DFDS is one of the biggest shipping lines in Europe
and has 53 vessels with 5 on a charter. DFDS leverages on the reduction in fuel
price and price spread between HFOs and the other distillate oil by investing
in the scrubber. Currently, the company has 21 scrubber-retrofitted vessels
comprising of 15 ro-ro and 6 ro-pax ships (see Fig. 3).

4.1.3 Compliance and monitoring activities in the ports

LNG infrastructures in the ports: The projects of the Baltic Port Organisation,
LNG in Baltic Sea Ports and LNG in Baltic Sea Ports II started fostering the
development of LNG bunkering in the BSR with the aim of synchronising
investment in ports’ networks in order to regulate the LNG. This was
after the introduction of the EU Directive 2014/94/EU on LNG bunkering
infrastructure, spurring a steady growth of the LNG bunkering facilities within
the BSR ports. Some ports with limited or no LNG infrastructures offer the
boat-boat and truck-ship bunkering. Ports with some sort of LNG bunkering
facilities/terminals are the port of Stockholm, Gothenburg, Nynidshamn,
Lysekil (Sweden), Swinoujscie (Poland), Klaipeda (Lithuania), Pori (Finland)
and Hirtshals (Denmark). The Swedish Maritime is arguably at the forefront
of clean shipping activities in the EU.

Onshore power supply (OPS): Leaving the auxiliary engine running at the ports
has been a major source of noise and emission pollution at the port. The use of
OPS ensures significant health benefits for the ship crews as well as for people

196 Baltic Journal of European Studies
Tallinn University of Technology (ISSN 2228-0588), Vol. 7, No. 2 (23)



Towards EU 2020: An Outlook of SECA Regulations Implementation in the BSR

living around the ports because as soon as the ships stop using the fuel-powered
engines, the noise from ship vibrations and the emissions from fuel combustion
stop. The ports of Gothenburg, Stockholm, Liibeck, Helsinki and Ystad are
currently equipped with the OPS.

Compliance monitoring and control: Ports and coastal states are directly
responsible for vessels compliance inspections in relation to their nation
as well as international law (OECD/ITF, 2016). Compliance monitoring is
done through inspections of ships’ records especially those of ships without
installed emission abatement equipment and fuel samplings. Sniffing devices
are strategically stationed at the Great Belt Bridge of Denmark. There are also
surveillance aircrafts that measure emissions around the ports. These devices
are optical ultraviolet spectroscopic sensors that analyse the concentrated path
of SO, and NO, from ships. Emissions from at least a 100 ships are monitored
every month. The OECD reported that in 2015, according to figures by EMSA,
about 2.8% (427) of the inspected ships (15,247) were found to have defaulted.
Nevertheless, by the second half of the year, the non-complaint rate became
very low compared to what it was earlier in that year. The Danish shipping
(formerly known as Danish Shipowners’ Association), confirmed that the non-
compliance rate has reduced drastically and that since 2015, only 19 shipping
companies have been reported to default. Two of which were recently reported
by the Danish EPA (Environmental Protection Agency) in September 2017.
Additionally, from an expert interview with Prof Mellqvist, an EnviSuM partner
from Chalmers University based on about 4,000 tests they conducted in the
middle of the BSR Sea between 2016 and 2017 there was about 95% emissions
compliance rate and about 85% compliance around the borders.

4.2 Study 2: Evaluation of the impact of SECA regulations on maritime
business activities in the BSR

The results from Study 2 are based on the analysis of the administered BSR-
wide survey responses.

4.2.1 Stakeholders’ familiarity with the SECA regulation

The procedures used for this study are according to business statistics elucidated
by Aczel and Sounderpandian (2002). The stakeholders’ responses are expressed
in percentages of the overall responses (n = 122).

All the respondents answered that they were very familiar with the SECA
regulation and about 67% responded that their employees are fully aware of
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the SECA regulation and have conducted SECA-related training for their staff.
Of the stakeholders, 91.7% monitor and evaluate their clean shipping emission
parameters regularly and, surprisingly, while most admitted that this is because
it was obligatory, they also admitted to doing so because they care about their
ecological footprint (82%), they wish to benchmark against their competitors
(64%) and 54.5% feel that doing so would benefit their company. More than half
(about 60%) indicated their interest in the use of an investment decision tool for
SECA-related investments.

When asked about how satisfied they were with the preparation and introduction
of SECA regulations in the BSR, 63% agreed that they were satisfied with the
SECA preparations but pointed out that there were some loopholes, such as
information gap, underdeveloped services, underdeveloped and unclear rules
for sanctions, monitoring and controlling activities. Most respondents feel most
strongly about unclear rules for monitoring and sanctions (45.7%), followed
by underdeveloped services and infrastructure (37.1%). Furthermore, the
stakeholders believe that future discussions on SECA should be centred mostly
on a “BSR-wide availability of SECA-related services and infrastructure”, “use
of low sulphur fuel”, “technology improved information collaboration” and
“the use of LNG”. The “scrubber solution” was considered as one of the least

important topics by 74.3% of the respondents.

4.2.2 Economic impact of SECA regulation—the stakeholders’ perspectives

The mean and standard deviation of the scores on the “economic impact of
SECA regulations” data exhibit that nearly all mean (M) for all the variables
were close to zero, except for innovation (M=1.106) and branding (M= 0.812),
suggesting that the evaluation of the SECA impact is comparatively similar
among the stakeholders. It also indicates that at two years implementation of
SECA, its effect on fiscal measurements such as costs, pricing, FDI, cargo flows
and modal splits are perceived as insignificant by the stakeholders. Nevertheless,
much impact is expected to be from innovation and branding of the BSR.

In order to find out which of the nine variables have a significant impact on the
variable “overall economic impact of SECA”, additional regression analysis
according to Mendenhall & Sincich (1989) was used. The F-test indicated a
substantial fit for the subsequent model even though the R-squared was 58%.
From the regression analysis coefficients and the related t-test, factors like
blue growth, cargo flows and branding were statistically substantial with a
positive leading sign of ¥ = 0.56, (.33 and 0.32, respectively. Their f-coefficient
percentages also showed that they accounted for about 56% of the “overall
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economic impact of SECA”. This implies that blue growth, cargo flows and the
BSR branding/reputation are the most important factors linked to the “overall
impact of SECA” and are in parallel with SECA growth. In other words, to
improve the general perception on SECA among the stakeholders, emphasis
should be on to how to improve stakeholders’ opinion on overall, blue growth
and branding. Pricing showed as being “nearly significant” having a p-value of
8% but with a negative sign. This negative sign could indicate that an increase
in pricing will negatively affect the “overall perception of SECA™.

Finally, 1-factor ANOVA was used to test the existence of the differences in the
responses from Denmark (DE) and Estonia (EE), because both countries have
the highest number of responses. A review of the results showed significant
differences in four responses: overall effect, development, blue growth and FDI
with probability error of p <.05. Overall impact and development have a much
lower probability error of p <.01. The Danish are six times more positive (mean
= (.8) about the overall impact of SECA regulations when compared to the
Estonians (mean = 0.125) suggesting a more liberal reception towards SECA
regulation and better acceptance from Denmark. Estonians show a neutral
disposition towards development and are less positive towards blue growth when
compared with their Danish counterparts who are positive on both variables.
Again, when it comes to the flow of FDI, the Estonians showed a negative
stance while the Danish believe SECA will improve and attract foreign direct
investments into the BSR.

5. Discussions and implications

The various SECA compliance activities witnessed in the BSR confirm that
institutions indeed do have great influence on the sets of actions and behavioural
pattern witnessed in the maritime industry and accomplished via new
technologies and improved behaviour across all stakeholders in the maritime
industry in a combined and cohesive effort of several actions. The principal
logic of institutionalism, in this case, shows how institutions influence their
members to act in response to the basic elements of the institutional structure
although mostly are company-specific strategies.

The first part of this study answered the first question and the results showed
major modifications in the way the shipping industry is being operated in the
BSR. It also displayed the efforts made by the ports to ensure compliance
since SECA regulations came into force in the BSR. Even though the SECA

Baltic Journal of European Studies 199
Tallinn University of Technology (ISSN 2228-0588), Vol. 7, No. 2 (23)



Eunice Omolola Olaniyi

regulations make it compulsory for ship owners to use low sulphur fuel, the
costs of bunkering have not gone up. In fact, the reverse is the case with ship
owners making meaningful savings from the fuel costs, although it might be
difficult to predict how long this might last. Furthermore, there have been major
overhauling made in the way most shipping line works. Some have changed,
reduced or increased their number of routes, while some have replaced their
smaller vessels with bigger ones. These strategies made to reduce the economic
impact of the SECA regulations could have led to the current overcapacity seen
in the shipping industry.

The second question revealed the various innovative actions taken in order to
mitigate or reduce the impact of compliance such as the hybrid marine fuel,
surveillance drones for monitoring and compliance checks. The scrubber
technology especially could be a major source for the obviously needed
technology push-effect in the EU but it constitutes huge investment costs and
risks for the ship owners. The intensified OPS infrastructures growth in the ports
(although not borne out of SECA compliant need), have greatly improved the
noise and air quality around the ports. Even at this, the OPS entails an adaptation
for appropriate gears like the frequency converters in the ports and on the ships.
This is will be additional costs requiring full teamwork for all concerns.

The third question answered from the survey analysis showed that the
stakeholders do not really have negative impressions about SECA, neither
have they experienced significant instability in their business as a result of
its compliance. Unexpectedly, this evaluation was unanimous among the
stakeholders. Yet, most respondents agreed that policymakers should have
given them more time to prepare for the SECA implement especially when the
investment costs and risks are quite high. They insisted that the preparation
time would have prevented the dilemma they faced when deciding compliance
options and at the same time would have reduced the financial wastage on the
limited options available from the onset. An inference from this could be that
most of them, especially the ship owners, would have wanted to have links to a
reliable source that would ensure their decisions yield better results and make
them better advantaged. Interestingly, the results also indicated that the ship
owners are not averse to the use of the scrubber but would rather have a scrubber
retrofit with an old vessel but install an LNG on their new vessels. This can be
attributed to the high costs of LNG retrofit.
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6. Conclusions

The purpose of this article was to study the various measures taken in the
maritime industry in BSR towards sulphur emission reduction and assess the
stakeholders’ perception of the economic impact of SECA regulations. All the
activities observed are worthwhile contributions to clean shipping and blue
growth in the BSR. At the creation of SECA, there were concerns that the
regulations would have negative impact on the general maritime sector in BSR.
Some of these fears were mostly on the modal shift from the sea to the road,
increased costs of sea transportation that will to cascade down to the cost of
goods, especially agricultural produce. However, from the reports and results
of this study, the effect has not been as intense as was originally anticipated,
particularly on ship owners and the ports.

This conclusion highlights the contribution of this work to the body of
knowledge. First, it illuminates how various stakeholders have contributed to
clean shipping, blue growth and the EU 2020 objectives in the BSR. Second, it
serves as a background study for the 2020 global sulphur cap implementation.
Third, showcasing the achievements in the BSR maritime industry will put
the BSR in a good light that can be used as an accelerator for larger solutions
explored worldwide.

A limitation of this study is that it left out fuel prices, an important parameter
to capture the impact of the SECA compliance based on its timeline factor.
An interesting further research direction could be to capture fuel costs and its
historical time series to create an “Investment Decision Tool” accessible to all
maritime stakeholders.
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Abstract. The International Maritime Organisation IMO) is employing a global
clean shipping approach to reduce shipping emissions and to improve the Mari-
time’s carbon footprint. One of the measures was the establishment of Sulphur
Emission Control Area (SECA) in special parts of the world including Baltic Sea
Region (BSR). Since 2015, ships are allowed only to use fuel with a maximal
Sulphur content of 0.1% forcing ship owners to use special bunker fuel like LNG
or to invest in expensive abatement technologies like the scrubbers. These are
more expensive than the usual heavy fuel oil (HFO). Predictions are that oil prices
may increase in which case ship-owners who have started using the LNG or the
scrubber’s technologies will enjoy a competitive advantage over others due to the
higher margins that can further increase with additional investments into energy
efficiency.

In the context of SECA, this paper tackles the research objective of how stra-
tegic energy partnerships can be adapted by the maritime sector. The research
focused on the adaptation of the scrubber technology for the Maritime Energy
Contracting model (MEC) using the Energy Service Contracting concept. Since
the authors currently participate in the EnviSuM project, which assesses the tech-
nical efficiency and the socio-economic impact of clean shipping solutions of the
SECA regulations in BSR, the research was empirically validated by expert inter-
views, survey results and case studies.

Results illustrated how the MEC model can be a market mechanism for the
delivery of emission reduction in the maritime sector.

Keywords: Business model - Emission reduction - EnviSuM project
SECA regulation - Maritime Energy Contract

1 Introduction

The perception of maritime transport is generally seen as one of the most environmen-
tally friendly especially when measured by weight. The conclusion is based on the
premise that ships move large volumes of goods, making its emissions low when distrib-
uted per unit weight. Although much of the pollution emitted by international shipping
is deposited over the sea, it is the largest single source of acidifying and atrophying
fallout on land in many countries in Europe [12]. Emissions from shipping in the form
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of sulphur oxides, SOx, nitrogen oxides, NOx, carbon dioxide, COx and particulate
matter (PM) are significantly detrimental to the environment [2]. Furthermore, these
emissions can travel long distances and Sulphur dioxide emissions especially cause acid
rain and generate fine dust known as particulate matter, which is dangerous for human
health as they cause respiratory and cardiovascular diseases and reduce life expectancy
up to two years [11]. This is why IMO engaged a global clean shipping approach to
improve the Maritime’s carbon footprint, emissions of Sulphur Oxides (SOx) and
particulate matter from ships by technical and operational reduction measures. One of
the measures to achieve these objectives was the establishment of Sulphur Emission
Control Area (SECA) in special parts of the world including Baltic Sea Region (BSR).
Since 2015, ships in the BSR are only allowed to use fuel with a maximal sulphur content
of 0.1% (1,000 parts per million — ppm. In addition, in 2016, the global SOx for bunker
fuel was reduced to 0.5% (5,000 ppm) from 2020 [9]. This ensures that all ships globally
must pay attention to the sulphur content of the fuel they use.

It has been two years of 0.1% sulphur emission regulation in selected parts of the
Sulphur Emission Control Area (SECA), most speculations on the negative effect of the
regulation have been wrong due to the fuel price crash and low freight rates [14]. Reli-
ance and demand for abatement technologies such as the scrubber technology have
decreased drastically because of the low costs of bunkering. Ship owners are not willing
to make the risk of the investments associated with the scrubber technology. With the
2020 sulphur global, cap in view, traditional fuel companies might no longer be able to
cope with the decreasing demand for HFO because their major product will no longer
be marketable. Due to sulphur emission directives, maritime stakeholders have been
forced to look for innovative ways of adhering to the stipulation of emission reductions
from ships [21]. They are faced with 2 types of challenges that are long and short-term
solutions. The long term effect is borne on strategic solutions that carry along every
aspect of the shipping industry while the short term only requires meeting the SECA
regulations at the stipulated time of January 2015 and 2020. There is the need for a new-
market based model implementation for energy efficiency and supply especially one that
is also suitable for the ship emission directive.

Already in previous work [15, 17], authors proposed activities for sulphur emissions
regulation compliance that are both conventional and traditional. They suggested that
companies need to use the strategic fit between their internal characteristics (strengths
and weaknesses) and their external environment (opportunities and threats).

This study proposes a business model consideration for high Sulphur bunker oil
producers using an Energy Saving Contract (ESC) model commonly practised by the
energy saving company (ESCO) for adaptation into the maritime sector — mostly the
shipping companies and medium sized fuel company using the scrubber technology.
With the high uncertainties attached to the fuel prices, high edged strategies must be
about great insight, experimental and evolutionary undertaking as much as the traditional
skills of planning and uncompromising performance. The new model pools two goals:
to ensure the compliance of the Sulphur emission directive and to lower the transaction
costs that emanate from the compliance measure. The core objectives of this work are
summarised as follows: To adapt the Energy Service Contract model into a suitable
model for maritime industry and to demonstrate its implementation. The questions the
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author seek to answer are what are features of the ESC that can be modified into the
maritime sector? What are the constructs to be considered in the contract? All empiric
activities were executed in the frame of the “EnviSuM” project in 2016. This article is
arranged in the following way: the next talks about business models, its importance and
how it is the ECS can be adapted into the marine time sector. The next section discusses
the MEC contract and its intricacies while the last section gives the conclusion.

2 Literature Review

2.1 Emission Abatement Technologies

The introduction of 0.1% Sulphur content regulation in SECA in 2015 requires that ship
owners consider the use of bunker oil also called HFO (heavy fuel oil). To achieve the
desired level of Sulphur emission, low Sulphur distillate oils such as MGO (marine gas
oil) or MDO (Marine Diesel Oil) which are cleaner and more expensive with a Sulphur
content of 0.1% have become the popular option [14]. Another effective way to fulfil
the SECA regulation is the use of alternative source of fuel such as the Liquefied Natural
Gas (LNG), methanol, and other biofuels that ensures that the ship emits very little waste
after of combustion. The LNG is mostly accepted as a promising energy source for
shipping because LNG ensure the compliance of the anticipated NOx emissions regu-
lation. However, even though it is less costly when compared to distillates and HFO,
the costs of distributing it to ports and ships is very high and also depends on the distance
of the port from the LNG import terminals [2].

In their efforts to reduce compliance costs, the European Commission has also given
support for the promotion of new technologies [9]. An example is the scrubber tech-
nology, an abatement method that maintains the Sulphur level in the exhaust fume from
the ship [21] so that the ship owner is able to use the HFO and still be SECA complaint.
The scrubbers are said to reduce the SO2 emission by at least 99% alongside with the
PM emission. There are two major types of scrubber technology - the dry scrubber and
the wet scrubber. The wet scrubber is further classified as the open loop, the closed loop
and the hybrid scrubber.

The cost of scrubber installation on ships varies depending on technology and the
state of the ship and ranges from 2 to 4 million € for a ship [2]. To install the scrubber
on a ship there is a need for the additional stabilising fortifications because of its weight
and because it has to be kept in an elevated position, all of which are additional costs
[11]. Another cost related to the scrubber installation is the opportunity cost of off hiring
days (4-8 weeks) during which the ship owner loses revenue. In addition, operating the
scrubbers increases the rate the engine consumes fuel and is estimated to increase to
about 3% or more [7]. It is more expensive to install the scrubber system on an old vessel
rather than on a new vessel, and the closed system scrubber is more expensive than the
open system scrubber [21]. All these factors pose a great challenge and discouragement
to ship owners when considering the use of scrubber as an abatement solution for sulphur
emissions.
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The scrubber has a lifespan of 15 years and a payback period of 3—5 years [1]. Ross,
et al. explained that the payback period of an investment determines the time required
to regain the capital expended for such investment [18]. The payback period is calculated
by summing up the discounted cash inflows of a number of periods in order to get the
net present value (NPV) of the investment. The minimum number of periods necessary
to reach an NPV greater than zero is called the payback time. If the payback period of
an asset is greater than its lifespan, it means the increased purchase price will not be
regained.

The calculation of the spread between the MGO and the HFO is another important
factor that is used to evaluate a scrubber investment. The MGO usually has a higher
price value when compared to the HFO and the difference between them is referred to
as the spread value [12]. The higher the cost of the MGO the higher the spread and the
higher the ship owner savings will be if HFO is used [13]. The decrease in HFO demand
could also mean a drastic increase of the spread in 2020 due to reduced HFO price as
speculated by [1].

2.2 Energy Service Contracting

According to Chesbrough, technology by itself has no single objective value, the
economic value of a technology will remain dormant until it is commercialised in some
way through a business model [6]. In some instances, companies need to use business
model to expand their perspectives in order to capture value from a new technology.

This work uses the common energy contracting models popular for the energy effi-
ciency and supply. Energy Contracting (also called ESCO) is defined as an inclusive
energy service model that is used to achieve energy efficiency in a bid to optimised cycle
cost [5]. The popular basic ESCO business model either provide the needed energy —
Energy Supply Contracting (ESC) or ensures energy savings — Energy Performance
Contracting (EPC) to the end users [20]. The ESCO takes on the responsibility of the
overall delivery of the needed energy from planning, installations, distribution, opera-
tions and maintenance as well as buying of needed fuel [3].

The authors will be relating to the Energy supply contracting which focuses on
energy supply. A standard ESC is measured towards supply to reduce costs of operation
[5]. ESC delivers energy solutions to the need of a customer who is not interest or not
knowledgeable on the technical solutions especially when it comes to maintenance.
Thus, energy is provided at a reduced price [3]. Usually, the initial capital investment
is free for the customers and contract period of 10-20% energy savings can run up to 10
to 15 years. Financing an ESC is a matching process that is customised for individual
customers to fit their needs. Fees and other elements are tailored or adjusted for occasions
such as increased risks or length of contract [8]. When the initial installation is huge or
has a larger scale of risk then the customer might be asked to make an upfront investment
although when this happens, such upfront costs are limited to secondary items such as
parts and usually referred to as “in-house” elements [3].
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3 Method

As described by Siggelkow, a case study provides a grounded real-life scenario for the
audience persuasion [19]. This work is a case study that highlights how the energy
contract can be adapted to the maritime business activity. With many energy servicing
companies in the market, the approach to this concept started with a literature review to
understand energy contracting and its success factors. For this research, interviews with
ESCO practitioners with building retrofit experience were made to identify salient
factors to contract and to probe their opinions on the execution of the MEC projects/
contracts. The interviews were recorded and transcribed. Holistic coding was used and
was based on theoretical constructions to arrange the data. In vivo coding was used to
better understand the things “through the eyes of the ESC practitioners” and process
coding to describe and explore the actions [10]. Osterwalder’s nine-point decomposition
of a business model [16] was used to change the fuel company’s traditional business
and to the new MEC business model.

4 Results

4.1 Maritime Energy Contracting Case

Producing SECA complaint fuels require high investments, so also is the investment
costs for abatement technologies. Current figures indicate a decrease in scrubber instal-
lations due to low bunkering prices and low freight rates. Most ship owners do not have
the financial means to embark on such huge investments nor are willing to take on the
associated risks, they would rather buy the low sulphur fuel even though its price is
significantly higher than the HFO commonly used for marine bunkering. If this trend
continues, some traditional fuel companies will not be able to cope with the decreasing
demand for HFO because their major product will no longer be competitive in the
market. In order to diminish this additional business risk, the implementation of a new
business model is required for high Sulphur bunker oil producers.

A radical and promising new business model for maritime fuel producers is a change
from being just fuel producers towards becoming an energy service company. In this
regard, the Energy Supply Contract (ESC) concept is transferred to the maritime sector
to create what the authors referred to as Maritime Energy Contracting (MEC). The
contextual idea is to supply the HFO to contracted ships, pre-finance the project, and
run the scrubber installation in order to protect the SECA compliance. The major moti-
vation is to lower the transaction (compliance) costs from SECA regulation compliance
of both shipping company and the fuel company. The new business model of the fuel
company will become “energy solutions” using the scrubber installations on ships. The
fuel company implements the energy service package at its own expenses according to
the project specific requirements set by the customer. For its own profit, it will receive
payment for the energy (fuel) delivered, depending on the actual consumption of the
ship together with the flat rate costs for service & maintenance as well as the quality
assurance. The cost savings of the construction will be shared between the fuel producer
and the ship owner in the course of the contract lifetime. MEC guarantees energy costs
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savings so that the payback from the cost savings from the supplied energy throughout
the contract period will cover the investment costs and the cost of risks made by the fuel
producing company.

The components for the implementation of maritime energy package outcome will
be as follows: Detailed planning (Project development, rough planning, agreement,
contract, Scrubber installation and start up pre-financing, operation and maintenance,
troubleshooting, optimisation and user motivation. Other activities are fuel supply,
scrubber monitoring and controlling, quality assurance and other benefit through
outsourcing of function i.e. price guaranty and outsourcing of commercial and technical
risks.

4.2 Contract, Pricing and Contract Conditions

The typical duration of energy service contract for buildings is 10 years because
stationary objects like buildings do not need shorter agreements and are similar to district
heat contract durations. In case of ships, this situation changes drastically, as ships are
mobile assets and are easily moved around the world to other jurisdictional areas. It is
therefore recommended to have periods of 3 to maximum 5 years contract with each
contract customer based and adjusted periodically. Using the Energy Supply Contracting
as a prototype, the Marine Energy Contracting will consist of two price components.
The needed energy (fuel) supply part and the asset financing including the additional
services for the agreed service time. Both components are related to formulas where the
influencing factors were considered and have adjusted prices consequently. The
formulas are typically updated every month. Thus, using a typical ESC [4] and from
conducted interviews, the following contract calculations and assumptions are made for
MEC:

Energy Supply Calculated as:

APy [€/mt] = APyyro [€/mt] + FS[€/mt] —FS,[€/mt], (D

where: APyro — Working price during contract time per metric tonne of fuel (€/mt);
AP, yro — Baseline price according to official statistics in the certain period €/mt; FS —
Price for fuel supply per metric tonne €/mt; FSy — Fuel supply baseline in a particular
period (i.e. 01-06/2017) €/mt.

Non-Energy (Assets) Calculated as:

LP [e/a] = LP,[e/a] x (0.5 +0.3 + Ii 402 % LA), @)
0 0

where: LP —New price during contract time per annum [€/a]; LP,— Base price according
to official statistics in certain [€/a]; [y: — Current price index for consumer goods taken
as the baseline (i.e. the consumer index of common goods of the year 2015 is set as 100);
I — Current price index for consumer goods comparable to the I (e.g., September
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2017 = 103); L — Average salary index at a certain time during the contract time; Ly —
Average salary index for setting as starting point for the contract.

This equation takes in the original costs for the non-energy related part plus inflation
legalisation (e.g. higher material costs) and changes in the personnel salary. In the
proposed formula, 50% of the yearly price is fixed, whereas 30% are depending on the
development of general inflation (consumer good index) with 20% depending on the
development of salary costs, which have a strong influence on the provided services
(maintenance, monitoring) during the contract time.

Contract Terms and Conditions

I. Owner of the scrubber asset during the contractual period is the fuel company.
II. Definitions:

e Maritime Energy Contracting Price: offered comprehensive competitive technical
solutions and prices regarding the functional description of the energy services. It
includes the fuel price, scrubber costs and adjustment costs.

e Scrubber costs: the capital cost of the scrubber installation spread into an amortisation
over the years.

e Energy price: covering the consumption of HFO at current price level. This includes
consumption related only to marginal costs defined exclusively in the service
contract. It will also include the risk of price surge or decline.

e Adjustments: An additional margin for running the scrubber comprising of all opera-
tional costs for the scrubber usage such as administration, maintenance, personnel,
insurance and management together with entrepreneurial risk, including a profit
margin. *Adjustments open a negotiation space with the contractual customer.

III. The interests’ rate is determined by the market (best available offer) and will stay
stable over the contractual period to avoid sudden changes within the agreement.
IV. The contractual fuel company will supply a list of “partner network” where
the ship owner can bunker fuel on events where ship is not within the juris-
dictions of contractual fuel company. The contractual fuel company will work
out rebates or compensation with affiliated partner company.

V. In the event where energy (fuel) is gotten from another supplier other than
the partner network. To protect the purpose of selling own HFO, the amounts,
which had been taken out of the “partner network™, have to be compensated
by the ship owner. The ship owner will give access to the bunkering book or
float sensor for bunker measurements to confirm compliance or deviation.

VI. Thenon-energy related part remains stable over the contractual period, except
in the event of the aforementioned influencing factors.
VII. At the end of the contractual time, directions on continuance have these
option:

e The scrubber asset is taken into the ship owner’s asset list.

e A new tender is organised for the operation of the scrubber, including all services
like maintenance, monitoring, optimisation, etc. and handing the ownership of the
asset over to the new partner.
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VIII. In the case of sudden end of contract, the following procedure will come into
effect: For the starting point of the contract, the financial value of the scrubber
asset (scrubber plus installation) is defined and in case of a sudden end of the
contract, the shipping company will pay a financial compensation. The amount
of compensation is calculated by the linear depreciation over the full contract
time. Example: If for a total contracted period of 36 months, the defined value of
the scrubber asset is 3.6 M €. If the ship owner after 16 months decides to end
the contract and to take over the scrubbers themselves, the ship owner will pay a
compensation as follows: 36 months full contract time minus 16 months of
contract, which equals a remaining 20 months. For each month, the compensation
is 100.000 €. Therefore, for a 20 month deviation period the sum 2.000.000 € will
be paid as compensation.

IX. Other issues arising.

e Border of property: It is very important to define the borders of property, as this will
have a significant impact on the responsibility. The Scrubber and connected parts
will be in the responsibility of the fuel company (for the contracted period) but all
other components like engines, etc. will remain in the responsibility of the ship owner.

e Space for scrubber and retrofit is given free of charge: The extra space for the scrubber
and the time for the retrofit have to be free of charge to remove the complexity
involved in the calculation of the non-energy related part.

e Quality of supply: The quality of the Scrubber efficiency (percentage of SOx reduc-
tion) will be defined, monitored and guaranteed.

e Additional energy consumption is business of the ship owner: The additional energy
consumption with the scrubber will be added to the total costs of the scrubber in the
contract calculations.

The MEC model can be described as a focal concept for strategy that creates unpre-
cedented opportunities in the maritime sector because it is actionable and offers feasible
fresh way to innovation in an uncertain, fast-moving and unpredictable environment
such as the maritime sector.

The cooperative structure will ensure the following:

Environmental benefits (SOx emissions reduction). (2) Money savings on initial
investment costs (scrubber installation), utility costs and maintenance cost that is taken
up by the fuel company i.e. reduction in investment risks, technical risks, market risks,
and performance risks, leaving only “zero risks” to the ship owner. (3) Jobs and career
creation. (4) Reduced operational costs through using the much cheaper HFO, thus, the
shipping company can concentrate on its core function, which is transportation, and do
away with the hassle of energy efficiency through the MEC third party contracting. (5)
Free technology and expertise support for the ship owner. (6) A scalable investment for
the fuel company. (7) Promises to have a higher margin for the fuel production company
compared to the traditional HFO supply approach. (8) Customer fitted model i.e.
customised contracts with the ship owners.

So far, even though the BSR has witnessed commendable compliance activities, the
success level is far from satisfactory, especially as it relates to the heavy and risky
investments the maritime stakeholders are subjected to. Another challenge is the
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uncertainties that surround the use of the each compliance method. Unfortunately, the
reduced fuel prices have made many investments meaningless and wasteful. With the
upcoming 2020 global restrictions, the energy consumption will increase as the demand
level for the low fuel oil. The maritime industry may yet experience another game
changer, which might force an increment in the price of the fuel. However, beyond that,
there might be a shortage in the low sulphur fuel supply.

5 Conclusion

The authors put forward the MEC model as a market mechanism for the delivery of
emission reduction in the maritime sector by using the scrubber technology to cushion
the economic effect of the SECA regulations and illustrated modified features of the
ESC model and construct to be considered in the Maritime Energy Contract model.
Unlike the usual conventional strategies, business model concepts accentuate analysis
and strategies embedded in experimentation as projected by the authors. With appro-
priate state enabling policies, the energy contracting model — a proven and resilient
structure can boost the maritime industry by shifting the focus of the scrubber technology
towards selling “energy solutions”, and jump-start a viable private-sector that targets
the maritime stakeholders. In this light, the scrubber technology can provide a much-
needed technology-push-effect for the European technology. The main disruptive
advantages are based on the shift from CAPEX to OPEX (no direct investment for ship
owners is needed) and the establishment of new services, with additional value in the
maritime sector.

The work is limited to the use of only HFO/MGO and not to other sources of fuel
like the LNG. The LNG approach can be an interesting angle for further research. Also,
due to the scope of this work, the authors were unable to show other contracts that will
involve the “partnering network™ such as the scrubber manufacturer, other fuel
company, maintenance and/or a financing house. This can also be a consideration for
future research.
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To reduce the Sulphur emission from shipping and ensure clean shipping, a number of Sulphur Emission Control Areas
(SECA) were enforced in special areas around the globe. From 2015, in SECA, ship owners are not allowed to use fuel with more
than 0.1% Sulphur content. One of the major concerns for the SECA regulation is that maritime stakeholders have had to take into
consideration the costs as well as the tolerable risks of their compliance investment options. Besides that, low freight rates have
increased the competition and had caused financial pressure on ship owners so that lower capital reserves and low credibility levels
limit the manoeuvring space for investment activities.

The indications from BSR after 2015 showed that the low fuel price has eased the economic effects of the SECA regulation
and as a result, most ship owners have delayed their investment decisions. Even though the postponement of emission abatement
techniques seems to have reduced the compliance expenses for SECA, they, however, did not improve the position of shipowners
relative to their competitors. Consequently, new policy instruments to stimulate innovation, to raise competitiveness and to comply
with the new environmental regulations are needed. It would have been easier to hedge fuel price volatility and offer maritime
logistics services for a lower price, but to be able to ensure sustainable results in long-term, maritime stakeholders must be ready to
device astute strategies that can propel them to unparalleled advantage.

This research first appraised the investment risks and payback period associated with the scrubber using different capital
budgeting methods. It further illustrated the Maritime Energy Contracting (MEC) model as a market mechanism for the delivery ofa
cost-effective emission reduction using the scrubber technology as well as an instrument to realise a competitive advantage for ship
operators. The results are empirically validated by case studies from BSR.

Keywords: Investment appraisal, VaR, Scrubber, SECA, Energy Contracting, Business model
1. Introduction

The motivation for environmental regulations is mostly related to improving health and quality of
life (Lindstad ef al., 2015). Shipping activities are responsible for up to 15% of the world’s anthropogenic
pollution of sulphur oxides (SOx), nitrogen oxide (NOx) emissions and some other harmful elements.
These emissions are dangerous to human health and can travel long distances (Abadie et al., 2017). SOx
emissions specifically cause acid rain and generate particulate matter (PM), which is the root-cause of
respiratory and cardiovascular diseases (Notteboom, 2010). This why maritime transportation showing
efforts to reduce the impact of health-damaging emissions and ensure cost efficiency in the activities that
can curtail it (Lindstad and Eskeland, 2016). Stricter emissions and bunkering fuel requirement
regulations by IMO on sulphur emissions was enacted in the MARPOL, Annex 2 where Sulphur
emissions from ships are not allowed beyond 0.1% since 2015 (IMO, 2016). SECA regions are about
0.3% of the world's water surface and consist of the North Sea, the English Channel (plus the coastal
waters around USA and Canada) and the Baltic Sea region (BSR) (Notteboom, 2010). The sulphur
restrictions on another dimension involve a global standard that currently allows 3.5% sulphur content
from fuel and ship emissions outside SECA and has stipulated that from 2020, only 0.5% of sulphur
emissions will be allowed on all water surfaces worldwide (IMO, 2016). Other sulphur related regulations
are the Chinese regulation for coastal waters (published in December 2015 and came into effect in 2016)
(North, 2016) and the EU directive 2005/33/EC.

The first two years of the SECA regulation have shown that predictions on the negative
implications of the regulation are wrong and the low fuel cost and freight rates have played a huge role in
ensuring this (Olaniyi, 2017). Consequently, dependence and pursuit of abatement technologies have
declined. Nevertheless, the incoming 2020 global sulphur cap seems to have escalated the urgency of
solutions for compliance and clean shipping globally. Stakeholders are now frantic about the options
available and economic optimisation of their decisions (Atari and Prause, 2018), although there are
speculations that, pushing the 2020 regulation to 2025 will save the maritime industry between $30
billion and $50 billion annually (Platts, 2016). There are also studies that insisted that applying a costly
global approach to coastal emission areas might bring more negative result than positive especially in
terms of fuel efficiency and increasing CO2 emissions concerns (Lindstad et al., 2015). Their argument is
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that a continual use of HFO at high sea will ensure the cooling effect of global shipping in a 20 years'
perspective and further ensure the 100-year CO2 equivalent emissions at 35—40% of CO2 emissions,
which can reduce the speculated annual cost of sulphur regulation from 10 billion to 45 billion USD.
Even at this, the truth is that the sulphur regulations have come to stay and the global limit take-off may
not be reviewed forward (Abadie et al., 2017). Maritime stakeholders must now look for innovative ways
of obeying the sulphur regulations in the face of possible excess fuel demand that cannot be met by the
industry (Wisnicki ez al., 2014) and at the same time ensure reduction of their compliance costs.

Olaniyi and Viirmae (2016) explained that the compliance costs for SECA regulation are
expensive and have the possibility of interfering with the production, turnover and profits of the
companies involved. With the high unpredictability nature of fuel prices, compliance strategies must
involve experimental and revolutionary ingenuity on the part of the stakeholders. In this regard, this study
pools two objectives, first, it presented a case study of the Maritime Energy Contract (MEC) business
model, a market mechanism for the delivery of emission reduction the scrubber technology that cushions
the economic effect of the SECA regulations. Second, because the scrubber technology is an integral
element in the MEC model, the study calculated the investment risks and payback period involved in the
scrubber technology to validate the scrubber investments and to fill the investments risk appraisal gap for
ship owners.

Both quantitative and qualitative data approaches were used to collect data from April 2016 to
May 2017 in the frame of “EnviSuM” - Environmental Impact of Low Emission Shipping: Measurements
and Modelling Strategies project. Through the study of different cases, the authors seek to answer these
research questions. What are the risks involved in scrubber retrofit? How profitable is the scrubber
investment for the ship owners? What are the cost and the benefits of the MEC model for the ship
owners? Results show that the estimated payback period of the scrubber installation on the ship is short
because the use of bunker fuel together with a corresponding abatement solution such as the scrubber will
positively influence the payback period as well as reduce the risks involved. The MEC model is a
stimulus that can be used for value creation and the realisation of competitive advantage in the maritime
industry for a new entrepreneurial process.

Work is arranged in the following way: the next section is the literature review on maritime and
SECA Compliance, the Value-at-Risk (VaR) in Investment Appraisal and Energy Service Contracting
(ESC). The third section presents the method of data gathering and analysis of results. The next section
highlighted the results and the last section is the conclusion.

2. Literature Review

2.1. Maritime and SECA Compliance

There are different approaches to satisfy the SECA requirement. The popular choices for ship
owners are fuel switching from heavy fuel oil (HFO) to marine gasoline oil (MGO), the installation of
LNG engine followed by the use of the LNG fuel and installation of the scrubber into the exhaust of the
ship to remove the sulphur from the emission (Acciaro, 2014; Daduna and Prause, 2017). All these
approaches have their pros and cons and different ship owners have built their SECA regulation
compliance strategy around one or more of them. Most of their decisions are borne from the
contemplation between the capital expenditures and the OPEX of the compliance investments (GU and
Wallace, 2017). Mostly, the factors that influence the various compliance methods ship owners make
include: (a) fuel prices (b) the area in which the ship usually operates and the regulation it is accountable
to (c) the number of days at sea and (d) vessel’s lifespan (Abadie et al., 2017).

Fuel cost and ultimately fuel consumption is an integral part of shipping because it makes up to
about 50 - 60% of voyage operational cost (Stopford, 2009). Now, the supply and demand of fuel appear
to be balanced around the world, but regional surpluses and shortages are projected to occur towards and
after 2020 (CE Delft, 2017). Another factor that affects the operational costs of a vessel as stated by Gu
and Wallace (2017) is sailing pattern of a vessel e.g. routes, vessel speed and type of vessels. That was
why at the onset of SECA, some ships have been replaced by bigger vessels to slow steam, also some
routes were also increased or reduced (Olaniyi, 2017; Gu and Wallace, 2017).

Most compliant fuels are in fact blends of several refinery fractions. At the refinery, crude oil is
refined to different fractions of oil that are used for bunkering such as Marine Gas Oil (MGO), Marine
Diesel oil (MDO) and the Heavy Fuel Oil (HFO) (Brynolf et al., 2014). The MGO and MDO are
distillates and more expensive but are SECA compliant. The HFO, on the other hand, is the lower
fraction, a residual oil that was the preferred bunkering fuel until SECA (Acciaro, 2014). Even though
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through hydrodesulphurisation (partial hydrogenation of the fuel to remove sulphur), HFO can be refined
to meet the new requirement, it is a very expensive refinery process and only the mega fuel producers are
able to take such investment risk (CE Delft, 2017). The price of bunker fuel fluctuates as a response to
supply and demand and are usually determined by factors like short-term expectations from forecasts,
production estimation from the oil-producing countries, stock levels, seasonality, accidents, weather and
sometimes war (Bergqvist et al., 2015; Hamaldinen ef al., 2016).

Another option for SECA compliance is using Liquefied Natural Gas (LNG), to curtail the ship
emissions during combustions. The LNG is widely accepted because it also fulfils other regulations such
as the CO2 and the NOx and is the cheapest of the fuels (Bas et al., 2017). However, there are many
challenges that prevent a faster development of the LNG fuel such as the availability of the infrastructure
for its bunkering, the need to store the fuel and distribute at a particular temperature that requires special
storage and costly retrofit and LNG-fuelled ships (Brynolf ef al., 2014). All the issues increase the costs
of distribution depending on the distance from ports to the LNG import terminals (Bas et al., 2017).
Although reports are showing that the LNG infrastructure is developing fast worldwide, for example,
according to CE Delft (2017) LNG projects are already increasing in North America and most part of
Asia like China, South Korea, Japan, and Singapore. Yet, the LNG is not finding a wider use outside
shipping. All these setbacks are said to be related to the regulatory framework, the economic capacity and
sustainability, technical practicality and the public-social responsiveness (Bas et al., 2017; Notteboom,
2014).

A third option, scrubber technology, is an option that allows the use of the HFO by “scrubbing”
out the sulphur emission from the exhaust of the ship up to 98% (Abadic et al., 2017). With an installed
scrubber, the vessel can still run with HFO and remain SECA complaint. Costs of the scrubber
installation depend on the ship size, engine size, and an additional cost of fuel for energy, chemicals and
waste disposal (Lindstad et al., 2015). The age of the ship is used to determine if an investment in
scrubber retrofit is right or wrong (Abadie et al., 2017).

The scrubber technology has two major technologies, which is the dry (popular for industrial use),
and the wet scrubber technologies (Wisnicki, 2014). The wet scrubber has been developed into the open
loop, (uses only seawater), closed loop (uses the reaction of caustic soda and fresh water) and hybrid
(combined both the opened and the closed technology) (Abadie et al., 2017). The open loop has been
demonstrated to be cheaper and smaller making it more desirable because it takes less space for
installation but has sparked several debates on the ecological implication of using a device that flushes
chemical back into the sea. Running a closed loop scrubber is the most expensive because of the broad
treatment of the closed loop circulating water (Lindstad et al., 2015).

The actual costs of the scrubber i.e. its operating costs and maintenance costs depend largely on
the ship’s size, engine capacity, broiler type and the scrubber technology itself (Bergqvist, et al., 2015,
Jiang et al., 2014; Abadie et al., 2017) and ranges from 3 to 6 million € for a ship. Because of its weight,
when installing the scrubber, extra fortifications are made to stabilize the ship and ensure the scrubber is
in an upright position (Brynolf et al., 2014). Apart from the space, the scrubber itself takes up, extra space
is further needed for the accessories like the pumps, tanks, engines and a piping system for the wash
water (Bergqvist ef al., 2015). It takes between 4-8 weeks for the installation process. Operating the
scrubbers increases the fuel consumption rate of the engine at 1-5% (EMSA, 2010). These are some of the
contributing factors that discourage ship owners from choosing the scrubber installation option.

According to Atari and Prause (2018), the scrubber lifespan is about 15 years and a payback period
(called a breakeven point) of 2 to 5 years. The payback period calculation is one of the methods used to
evaluate the worth of the scrubber investment to ensure the payback period is not greater than the
scrubber's lifespan (Bergqvist, et al., 2015). This calculation prevents a situation whereby it is impossible
to recover the purchase cost after discounting the cash flow (Ross, et al., 2002).

The price difference between MGO (which is a higher) and HFO is called the spread value and this
spread is used to assess the economic efficiency of abatement technologies including scrubber investment
(Jiang et al., 2014). A higher spread encourages the scrubber installation on the ship. Thus, in the
scrubber installation, the cost of the MGO is directly proportional to the ship owner’s savings
(OECD/ITF, 2016). Olaniyi et al. (2018a, 2018b) projected a high reduction in HFO demand by 2020,
along with increased demand for distillates fuels and other hybrid fuel like the ULSFO (Ultra-light
Sulphur fuel oil). Another angle of this projection according to WoodMacKenzie (2016) is that the
decrease in HFO demand from the 2020 cap could push an increase in the spread from 2020. These
predictions are also supported by the International bunker fuel association 2018 report, which has more or
less projected the scrubber forward as a more rewarding option from an investment angle.
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Many studies have proposed different approaches to making the choice for compliance ranging
from the multi-criteria approach (Ren and Liitzen, 2015), stochastic programming (Schinas and
Stefanakos, 2012), cost-benefit analysis (Jiang et al., 2014) and costs function of emission abatement
alternatives (Lindstad et al., 2015). For the newly built ship, it is most common to make a comparison
between the investment annuity and the anticipated fuel cost savings (CE Delft, 2017). While the popular
methods, especially for retrofits, is the evaluation of the payback time, Patricksson and Erikstad (2017)
put forward sets of reconfiguration possibilities for ship owners whose ships are already running on a low
Sulphur fuel with no traffic outside of SECA. They insisted that when a ship is already using SECA
compliant fuel and plies within SECA there is no need for an abatement technology installed on the ship.
However, they did not do a comparative analysis of the fuel usage on yearly bases nor compare the costs
to the abatement costs for such ships. All studies point to one fact, which is that there is still a need for a
better way to determine the best choice for regulatory compliance.

2.2. Value-at-Risk (VaR) in Investment Appraisal

To explore the market orientation of the SECA regulation, the authors' estimated and appraised the
investment risk associated with the scrubber technology. Aforementioned, investments in scrubber
technology are expensive and highly risky for ship owners because the efficiency of a scrubber
investment depends on the price spread between MGO and HFO. High price spreads yield short payback
periods whereas decreasing price spreads increases payback time and are linked so to higher risks.

Classical instruments for financial investment are studies in the area of capital budgeting and the
most important concept represents the Net Present Value (NPV) which can be calculated by using the
parameters of the investment (Herbst, 1998):

_\n CFy _
NPV =3, Yoo, Outlay, )
or CFyyields:
_ CF;
NPV=27_, T )
where:
CF,: cash flow during period (t),

Outlay:  investment expenditures at period zero,
n: the normal lifetime of n periods of a scrubber (usually 15 years),
r the annual average interest rate of the investment.

The cash flow of period (t):

CF; =V, *spread, - (100% — e%) — add_cost, 3)
where:

V,: annual fuel consumption,

spread,: HFO-MGO spread over a period (t),

e%: additional scrubber energy consumption,

add_cost,: additional cost.

An investment is assumed to be favourable if the expected NPV is greater than 0. Based on the
NPV approach, the determination of the payback period of an investment is possible by looking for the
shortest period n* so that NPV (n*) > 0 (Hull and White, 1998). In both constructions, the NPV as well as
the payback period revealed that the results of the investment appraisal depend on the price spread
between MGO and HFO during the considered time so there is an associated risk with a scrubber
investment, which has to be investigated more detailed.

An appropriate instrument for the control the risk of decisions and investments is through a value-
at-risk (VaR) analysis where the VaR shows the capital or percentage of capital loss that should be
expected over a particular period with a guaranteed probability or word confidence level (Angelidis and
Skiadopoulos, 2008). It describes what loss a particular market volatility will encounter at a certain
probability (Linsmeier and Pearson, 2000). Thus, it shows the likelihood and rate at which a loss might
occur in any real investment. Using Dowd (2007), the investment in scrubber will be determined by the
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price spread between the HFO and MGO along with the spread distribution quantiles analysis from a
historical figure. In other words, if the spread means is higher than 500 t€, then a 10% VaR of spread in a
span of 2 years connotes a 0.1 probability that a scrubber investment of 5 000 000 €, for example, would
increase to a higher value by 500,000 € for that 2 years. The NPV of Net fuel cost savings will determine
all investment value associated with the scrubber. The study recognizes that the VaR of scrubber
investments will help shipowners assess their investments risk level for example; the VaR will be
comparable to the loss of the scrubber investment. This is at the 100s of X percentile level of the normal
distribution (Jorion, 2006). In concept, it relates to how the stakeholders look for ways to ensure return on
their investment and proportionate to the level of the risks involved (Baker and Haslem, 1974).

2.3. Energy Service Contracting

It is not possible to separate policy from the economic significance of compliance because policy
framework determines the economic outcome of any industry (Sys et al., 2016) which makes the
investment appraisal and associated risks imperative. As explained by Horbach et al. (2012), regulation is
a part of the determinants and drivers of environmental innovation - regulatory push/pull effect. Usually it
occurs not as the first introduction of a product cut but as a market or technology - diffusion as seen by
the scrubber technology where manufacturing companies are adopting a technology used by chemical
companies for the ship to expand their perspectives and capture value that would lead to a visible
lessening of regulatory burdens (McGrath, 2010). The economic performance of such technology
determines the sustainability of the regulation (Plouffe et al., 2011).

The production of SECA complaint fuels involves high risks and investments, the same goes for
the costs for abatement technologies. Statistics indicate a decrease in scrubber installations due to low
bunkering prices, and low freight rates (Olaniyi, 2017). It is clear that ship owners are unwilling to take a
risk that ties down funds that they would otherwise prefer to run their ship. Apart from the unreliable fuel
costs and supply, a continuation of this development will likely diminish the impact of a strong stimulus
and determinant for innovation and technological push and further lead to the market failure of the
scrubber technology (Horbach et al., 2012). Chesbrough (2010) explained that until the monetary value of
a technology is available as a form of the commodity in any form, its usefulness would remain dormant.

Energy contracting models (EC) commonly used for energy efficiency and supply in the housing
sector and stationary and complex buildings like hospitals (Sorrell, 2007). The adoption of energy
contracting models in the maritime sector using the scrubber technology to optimise the scrubber
technology is quite new and has been discussed by Olaniyi, Gerber and Prause (2018). This study is
particularly positioned to submit a solution to the current negative reactions and criticism regarding the
economic implication of the scrubber installation and operational costs among other implications such as
the technology itself, ecological and environmental factors of using the technology (Lindstad et al., 2015;
Abadie et al., 2017).

EC is a comprehensive energy service model commonly used to optimized energy cycle cost in the
housing (Bleyl, 2011) mostly used in Germany, Austria, France, Netherlands, Belgium (Goldman et al.,
2005). The common models of energy contract are the Energy Supply Contracting (ESC) that delivers
basic needed energy and used in services that are short in capital investments and the Energy Performance
Contracting (EPC) that ensures energy savings (Sorrell, 2007). Already some other sectors are adopting
this model as seen in water treatment and supply, wastewater disposal, industrial gases supply, service
management in telecommunications and security (Bleyl, 2011). Concentrating on the ESC for this study,
the energy provider becomes responsible for both the installation of the technology as well as the delivery
of the needed energy at a reduced price and the same time reduces the costs of operation for both the
provider and the recipient company (Bertoldi et al., 2006). The ESC model is a customized process for
singular customers where the total costs are determined by the associated risks or terms of the contract
(Goldman et al., 2005).

3. Methodology

The study is established through empirical data from expert interviews, focus group meetings and
case studies carried out in the frame of EnviSuM - Environmental Impact of Low Emission Shipping:
Measurements and Modelling Strategies project sponsored by the EU regional development fund carried
out between April 2016 and May 2017. Data were used to first evaluate the cost constructions of different
abatement technologies including the scrubber technology. Through the data gathered, the tendencies and
enthusiasms of the ship owners regarding scrubber investments were also determined. From the case
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studies involving the proposed model and investments calculations, constructs of real synopsis were
projected for readers’ conviction as described by Siggelkow (2007). Two case studies were presented.

The first case involved the statistical evaluation of historical fuel price data from 2013 and 2017
and fuel price predictions between 2017 and post 2020 to determine the distribution of the spread between
HFO and MGO within these years. The analysis carried out, comprised correlation analysis, the empiric
probability distribution of the spread value between HFO and MGO of the last four years and statistical
test theory. The observed probability distribution of the spread was used as input data for a Value-at-Risk
analysis for the scrubber investments. Each spread was associated with the NPV of a scrubber investment.

The second case described the intricacies involved in the adaptation of the energy contract into the
maritime industry. Since there are already several energy servicing companies, a desktop research was
first carried out to learn energy contracting and related success determinants. Five ESCO practitioners
with retrofit experience of at least 10 years were interviewed. The interviews were made to pinpoint
significant features of energy contract and to examine their deportment on the on a successful MEC
project or contract. The interview analysis is presented as a description for a model contract based on
thematic categorisation by Miles et al. (1984) and Kvale (2008). The analysis of the overall cost of the
MEC model was then made using current real-life figures.

4. Results and Discussions

The application of VaR approach requires the determination of an underlying probability
distribution. In the case of the scrubber installation, the risks depend on the price spread of the fuel so that
a statistical evaluation of historical fuel price data from 2013 and 2017 and the spread between HFO and
MGO within these years is done. Based on this analysis, the empiric probability distribution of the spread
value between HFO and MGO of the last four years has been tested by statistical test theory.

4.1. Risks Analysis of Scrubber Investments

The historical time series from 2013 of the fuel prices of MGO and HFO in US$ reveals a high
correlation with each other with a positive Pearson coefficient. The spread between MGO and HFO
depicts a graph which is shown in Figure 1.
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Figure 1. The spread of the HFO and MGO (USD) from 2013 (Computed by Authors)

The histogram of the spread values from 2013 based on 962 values led to an empiric distribution
of the spread that has been analysed with the Kolmogorov—Smirnov test as well as with the Shapiro-Wilk
test. The results proved that the spread between HFO and MGO is normally distributed with a mean of
about 273.5 USD and a standard deviation of about 63.4 USD as shown in Figure 2.
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Figure 2. Distribution of HFO/MGO spread (USD) (Computed by Authors)

With the statistical results of the empirical data, it is now possible to conduct a VaR analysis for a
scrubber installation on a ship. The property of the spread to be normal distributed allows calculating the
quantile which can be used assess the risks of the spread during the investment period. The VaR with
definite confidence level a is calculated as Prob (x < —VaRa) = 1 — a. If the distribution is bounded
below by —L with probability density function (x) the model yields (Hendricks, 1997):

f_LvaRaf(x)dx =1-a. “)

In order to make the following calculations compatible with Euro calculations the lower 10%, 5%
and 1% quantiles of the underlying distribution of the spread are expressed in Euro and correspond to
spread values of 155.4 €, 145.53 € and 127.26 €. The applications of these results are studied and
empirically validated with the case of a RoPax ferry as follows:

The RoPax Ferry Case

The RoPax ferry enjoys an engine power of 48 MW and a maximal speed of 27 knots that plies
Tallinn and Helsinki. From experts’ interviews, it was gathered that for this particular ship, a suitable
scrubber system would require a power of 15 MW. Calculations were made for suitable open loop
scrubber that will cost about 4,984,000 million € with additional installation costs of 0.7 million €. The
off hiring days that involves activities such as the scrubber installation, piping, testing, and
commissioning will take about thirty days, annual maintenance costs of about 21 t€ p.a. and material costs
of around 300€/ton fuel (for chemicals and waste treatment of scrubber residual) were all added and
calculated.

Case RoPax ferry has a daily fuel usage of 60t HFO that amounts a yearly volume of 60t x 360
days = 21 600 tons. The HFO — MGO spread within 962 days of oil price data were used to calculate the
VaR in the lower 10%, 5% and 1% quantiles of the linked distribution of the spread. In concept, the VaR
analysis usually focuses on the left side of the probability distributions. Subsequently, the discounted
value method is used to analyse the resultant value of the quantile so that fuel costs saving of n = 15
(discounted value over the 15 years of scrubber lifespan) and r =11% is set as a risk-free value. The
results are as follows (Table 1):

Table 1. Quantiles and Present Value (PV) Of Spread Distributions Earnings during Project Lifetime

Historical Data | Days Annual Savings from difference in Fuel Spread(Euro) PV (Euro) in 15 years
Costs of Fuel / Euro

10% days 96.2 3 356 640.00 155.4 19,768,031.74

5% days 48.1 3143 448.00 145.53 18,512,494.59

1% days 9.62 2 748 816.00 127.26 16,188,415.18

Source: Calculations by Authors
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Results show that a lower 5% quantile of the spread distribution will lead to a cost of bunker fuel
up to 3,143,448 million € per year. The savings that will be made from using the HFO and the scrubber
for the ferry with a probability of 95% will yield at least 18 million € within the 15 years scrubber
lifespan as against if the ship was using MGO. Furthermore, from the figures, a spread decreased to
127.26 € will yield a lower saving because the lower 1% quantile of the spread distribution was used. If
the trend of a higher spread distribution continues to be normal then the saving will increase.

The authors recognised that the NPV used in this study is dependent on two factors: first, the fuel
spread and second the HFO price, i.e. NPV = NPV (Spread, HFO) as a function. Accordingly, a linear
regression was used to calculate the NPV on the bases of the spread. The R square fit of 93% confirmed a
high model fit. This result is on the assumptions that for the scrubber investment not to be risky, the
spread distribution must remain normal with the same statistical parameters for the future years.

The Long-Term Fuel Price Scenario

Using a real-life future forecast from the International Bunker Fuel Association report, the authors
constructed two different scenarios of savings using the scrubber.

First, from 2019, there is a likelihood of a sharp drop in demand of HFO as bunker fuel together
with the expectation of an MGO price recovery up until 2023, when the spread is expected to close up
again. Using this forecast, a very high MGO-HFO spread from the 2019-2013 forecasts will be 340 € that
will produce a shorter payback period time as presented in Table 2:

Table 2. Scrubber Payback Period from 2019 (Forecasted Oil Price)

HFO MGO Earnings from Installation of Scrubber (€) | Scrubber price (€) Payback Period

526 866 6 060 056 5684 000 Less than a year

Source: Calculations by authors

Second, according to the same report, in 2024 the fuel price is expected to decrease and the MGO-
HFO spread will reduce to 157.25 € which will be approximately around 11% of the VaR quantile. Using
the same parameters and calculations, the total savings from using the scrubber technology will be
3,444,767.80 million € per year, a 9% lower value from the from VaR results from the historical fuel
price data (Table 3). This also validates the VaR model.

Table 3. Quantiles Value of Spread Distributions with 2024 (Forecasted fuel price)

Forecasted Data Days Annual Savings from difference in Costs of Fuel (€) Fuel Spread (€)

11% days 105 3444767.80 157.25

Source: Calculations by authors

The valuation and integration of the NPV and discounted cash flow of the MGO as against the
HFO established and validated the Scrubber options as viable investment prospect that is able to yield
high returns for the investors. The evolved VaR used with the real-life scenario further helped to
demonstrate the high or low-risk time or risk value of the scrubber investment for a particular duration.
Forasmuch, as the assumption that the scrubber costs and services remain constant and that the MGO-
HFO spread is evenly distributed this model can serve as a classical instrument to measure the value-at-
risk of the scrubber investments.

4.2. Maritime Energy Contracting (MEC)

From the investment and risks analysis, the authors confirmed that the scrubber investments have a
lot of potentials to be a profitable venture for the ship owners, however, existing empirical data (Olaniyi,
2017) shows a low number of scrubber installations because of the decline in the price of fuel. This has
put a lot of pressure on fuel producers who must step up to produce the demanded volumes and types of
needed fuel. Unfortunately, a critical challenge for the traditional fuel producers is to cope with the lack
of existing production capacity so that they are forced to upgrade their refining process to meet up with
their major markets. Olaniyi and Viirmae (2016) highlighted the high investments sums for fuel producers
which are needed to produce low sulphur oil. The access to appropriate credits seems to be complicated
for the majority of fuel producers due to low oil price and unclear developments in maritime fuel markets.
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Even after having recognized the analysis of scrubber investments together with the related risk
assessments, the majority of ship owners who are unwilling or even not able to make the financial
commitment for scrubber installations which coincidences with the situation of the fuel producers whose
product may no longer be marketable. In the end, to reduce the investment risks for ship owners and to
ensure business continuity for fuel producers a new business model is thus proffered.

MEC is a revolutionary and feasible new business model for maritime fuel producers that can
afford them the opportunity to metamorphose from the everyday fuel producing to energy producing and
servicing. This will involve using the concept of the ESC for their energy (fuel) delivery. In theory, it
involves fuel producers going into contract with ship owners by pre-financing the scrubber installation,
accepting the responsibility of regular maintenance and at the same time supply HFO. In the end, the fuel
producers supply energy solutions to ship owners through scrubber installation. All energy service
packages are provided at the full expense of the fuel producers in accord to the contract specifications. In
return, the fuel company is paid in full for the fuel supplied along with marginal costs of the scrubber
costs for servicing and maintaining the scrubber. They guaranty the quality assurance for the use of the
scrubber as well. Both companies share the cost savings described previously. The contract will secure
energy costs savings that ensure that the reimbursement from the delivered energy during the contract
period will comprise of the investment and risk costs already provided by the fuel producers.

Needless say that for the eradication of sulphur emission in shipping, the challenging issue borders
on the execution of the compliance objective of the SECA regulation. The BSR has seen admirable
compliance actions but because it is related to expensive and risky venture, its achievement is still not 100
percent. This has plagued it with many uncertainties especially as it has to do with the compliance
options. Sadly, the low fuel cost has seemingly rendered most of the first investments somewhat
pointless. However, with the 2020 global sulphur cap in view, fuel usage will certainly increase along
with demand for low sulphur fuel. The maritime sector will likely witness a drastic change in its markets.
This change might increase a likelihood of fuel cost or result to a scarcity in low Sulphur fuel supply.

MEC pools two goals: it lowers SECA compliance costs for the ship owners and fuel producers’
and ensure SECA compliance. Elements of the MEC implementation consist of a project design
(development, planning, contract scrubber installation, fuel supply, maintenance, maximisation, user
incentive, quality monitoring and controlling, price bond and risk and technical contracting).

The Long-Term Fuel Price Scenario

In housing, the ESC contracts usually take up to 10 years. This is because buildings are immobile
assets so they could be subjected to longer contracts. However, with ships, the conditions are different.
First, they are not stationary assets, more so they move from different zone and region to another, which
sometimes involves different countries. Under these conditions, circumstances are likely to change
significantly, it is therefore suggested to limit the contract duration within 3 to 5 years, adjustable at
intervals as well as client specific.

MEC pricing will subsist on two pricing element. (1) The cost of energy (fuel) supply. (2)
Financing of the scrubber as an asset that includes supplementary services within the procured contract
period also called the adjustment. Each element reviewed periodically (i.e. monthly, bi-monthly, quarterly
or yearly) to accommodate arising impelling or unavoidable issues. Thus:

Energy Supply:

APuro [€/mt] =APouro [€/mt] +FS [€/mt] - FSy [€/mt] 5)

where:
APyro:  Current fuel price at contract time/metric tonne of fuel (€/mt)
APy pro:  Baseline price from official statistics at the period €/mt
ES: Price for fuel supply per metric tonne €/mt
ESy: Baseline price for fuel supply in a particular period (i.e. 01-06/2017) €/

Non-Energy (Adjustment):

LP[€/a] = LPy[€/a] x (0.5 + (0'3’31; )+ (0.2 XLLT, ) ) ©)
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where:
LP: New fuel price at contract time per annum €/a,
LPy: Baseline fuel price from official statistics at the period €/a,

I Current price index for consumer goods taken as the baseline,

I Current price index for consumer goods proportionate to I,

L: Average salary index at the contract period,

Ly: Average salary index for setting as starting point for the contract.

The adjustment calculation takes into account the cost of the asset, inflation and modifications in
the employee’s salary. In principle, every year 50 % of the price is stable, where 30% is dependent on
prevailing inflation (consumer good index). The remaining 20% will depend on salary costs build-up,
which will affect the provided services like maintenance and monitoring during the contract period.

Along these lines, the cost of MEC will be as follows:

MEC Price = Energy supply + Scrubber costs + Adjustments )

In the sequel, the MEC model will be empirically validated with the same RoPax ferry case like in
the VaR approach.

MEC Validation

Using already discussed RoPax ferry ship, the baseline cost is set as the price of fuel (MGO) the
cruise was using as at 6th Oct 2017 at 585.08€/t. The annual cost for MGO will be the cost of MGO per
tonne multiplied by the daily MGO consumption and multiplied by the number of operating days i.e.
585.08€/mt x 60mt/day x 360 days = 12, 637,796.30 € per year. The cost of HFO is 347.27 €/mt which
yields an amount of 7,500,969.99 million €.

To calculate an adjustment for November 2017, the adjustment costs are based on the current
Estonian consumer goods index at 01.01.2017 (TE, 2017a), the average salary index at 01.01.2017 (TE,
2017b) and a fictive fuel price of 450€/mt from 01.01.2017. Totalling 2,062, 592.24 €/a =~ 28 % of HFO
price/mt.

The annual scrubber costs will be the sum of the 10% additional scrubber fuel/annual (p.a.), 2%
additional scrubber service p.a., 15 years depreciation of scrubber p.a. and interest costs p.a. Totalling
897, 881.00 €/a =~ 12% of HFO price/mt. Thus, the cost savings and sharing is calculated below and is
depicted in Figure 3:

MEC Price/tonne = (347.27 + 41.67 + 97.24) = 486.2€/mt
Cost saving for Shipowner = 585.08 - 486.2 = 98.9€/mt

/'Y 585 €mt-Baseline
99€/t- Costs saving

A 486 €/mt-Costs of MEC

97€/mt-Adjustments

- 42€/mt - Costs of scrubber

347 €/mt-Cost of HFO

»&
»<

v

Figure 3. Cost savings in MEC model (Authors’ calculations)
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By considering the results of the case study it turns out that the shipowner will get the fuel for 99€
per ton cheaper compared to the MGO price whereas the fuel production company will enjoy an
additional adjustment of 97€ per ton which generates additional revenues for the fuel company. Another
major benefit for the ship-owner is the exchange of the CAPEX to the OPEX that signifies an indirect
investment for them. The fuel producer changed his business model from a pure production company
towards a service company, which offers now scrubber related services including financing. In
comparison to the huge production plant investment for the fuel producing company, the new investments
sums for the scrubber installations are smaller and better to handle.

In addition to the financial agreements, a MEC for maritime industry must include other contract
conditions in order to become successful. Expert interviews revealed already a list of core points that
must be part of MEC agreement between the shipowner and the fuel producer:

e The scrubber as the asset of the fuel producer throughout the agreed contract term.
e Descriptions of financial terms i.e. Maritime Energy Contracting Price, Scrubber costs,
Energy price, Adjustments.
Prevailing Interests’ rates.
Provisions for rebates or compensations.
Terms for penalty and reimbursement for defaults.
Terms for non-energy elements during the contract period.
Guidelines for planned or unexpected termination.
Other matter arising such as the border of property, Space for scrubber and retrofit, Quality
of supply, Additional energy consumption.

e o o o o o

In this regard, using the scrubber option for the MEC concept is a pivotal concept that can be
targeted to yield distinctive prospects in the maritime sector because it is practicable and offers a fresh
perspective to innovation in an unreliable environment such as the maritime sector. The alliance
arrangement will guarantee the following:

(a) SOx emissions reduction.

(b) Scrubber installation costs savings.

(c) Risk transfer to fuel producer such as investment risks, technical risks, market risks, and
performance risks, leaving only ‘‘zero risks" to the ship owners.

(d) Jobs creation.

(e) Lowered operational costs for the ship owner that allows the shipowner to focus on shipping
activities, which is transportation (this helps them to remove energy efficiency issue from day
to day operations).

(f) Free technology and expert support for the ship owners.

(g) Promises a higher margin for both companies.

(h) Customised contracts.

The MEC concept bears many advantages for fuel producers as well as for ship owners because it
allows fuel producers to continue producing their traditional product whereas the shipowner gains a
competitive advantage due to lower energy costs in shipping which generates additional margin in the
transport competition. Yet, the MEC concept leaves open the question of whether the central
desulphurisation in fuel producer's plant is more favourable to the decentralised desulphurisation through
the scrubber on a ship from an ecological or economical viewpoint. The financial advantage of the
scrubber approach is its scalability, which takes into account the credibility situation in the maritime
sector.

5. Conclusion

Compliance with SECA regulation is related to investment decisions for shop owners as well as
for maritime fuel producers. In the case of a scrubber installation, the Value-at-Risk model is able to
demonstrate the risks associated with the scrubber including changes in payback time. Through the
scrubber technology, a navigation can be set to mitigate or reduce the economic effect of the SECA
regulation on ship owners or maritime fuel producers who do not have the capacity or the will to invest in
refinery upgrade.

The research further discussed the concept of a Maritime Energy Contract as a dynamic market
instrument to deliver emission reduction and to generate competitive advantages for the shipowner and
the fuel company. Authors recognised the MEC as a decentralised method of the SECA regulation
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compliance for the fuel producers who eventually may have to find a way to make refinery upgrade
investment in the long term, but would need to be proactive on the short term while they wait for the
appropriate time to commit to a much higher investment.

With applicable political support, the ESC model which has been tried over a long period and in
different countries can enhance the maritime sector by refocusing the attention of the maritime
stakeholders to using the scrubber technology as providing ‘‘energy solutions’’. This way, a
sustainable private sector in the maritime sector will emerge and score a much-desired technology-
push-effect for the EU.

The limitation of the study borders around using only HFO/MGO spread scenario without
including other sources of fuels, which can be an interesting angle for further research. There can be a
comparative study on the VaR for the LNG, methanol, ethanol, CNG and other types of fuel or air
purification technologies used to provide a holistic solution bank for the maritime sector.
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Baltic Sea Region

EnviSuM

Economic Impact of SECA Regulations in the Baltic Sea Region

Structured Experts Interview Questions

Guidelines:

1. Atleast 3 expert interviews for each country
2. Please endeavour to receive answers to all questions.
3. You can ask state/country specific questions

Introduction
e Ashort introduction of the EnviSuM project, its activities and objectives.

Background Information Estimated time: 25-35mins

Interviewer:
Name:
Institution:

Interviewee:
Name:

Position:

Name of Company:
Maritime sector:

Date, duration and location of interview:
Date:

Duration:

Location:




Ports

Port profile and key activities

1. Name of the port.

(1min)
2. Please describe the services your port offer and the type of ships that call at your port.
(2mins)
3. What are the SECA related activities in your port?
(2mins)
4. How has the SECA regulation affected your overall ports development plans?
(2mins)
Process Change
5. How do you monitor SECA compliance in your port? What do you check/monitor?
(2min)
6. What type of compliance sanctions or incentives do you have for ships that use your port?
Sanctions:
Incentives:

(2min)
7. Please give a brief description of your waste management system. Is this process a standard
framework for any EU port or adjusted to fit your port and your type of vessels?
(2,5mins)
8. What facilities upgrades did you make due to SECA compliances?
(2,5mins)
9. What are your port charges? Has any of your port charges increased/decreased due to SECA
regulation?
(2mins)
10. Have you had to employ more staff, buy more equipment, upgrade or do more installation as
result of the SECA regulations? Can you explain in specifics?
(2min)
11. How has the fluctuations and uncertainty in oil and bunkering fuel price and its supply

affecting your activities?

(2min)
12. How many (what percentage) of the ships that call at your port use the scrubber
technology/LNG/MGO?
(1min)
SECA future plans

13. Do you have any future SECA related plans? (E.g. On-board energy, LNG bunkering

facilities, water treatment).

(2mins)




Shipowners, ship operators, Shipping companies

Profile and key activities

1. What percentage of your business activities takes place in the Baltic Sea?

(1min)
2. What percentage of your business activities takes place in SECA in general?
(1min)
3. How many fleets do you operate?
How many:
Type:
Design:
how big:
How expensive
(2,5min)
4. Which department in your company handles regulations issues?
(1min)
5. How many staff and their management level?
(1min)

New process

7. Have you made any new business activities related to SECA? (e.g. investments, change in
business processes, additional administrative procedures, recruitment of new staff,
dismissal of staff)

(2mins)

8. Can you estimate the total amount of SECA investments you have made up until now?
(Please use the report sheet attached or leave it with the interviewee to pick up later)
Compliance:

a. Investment (CAPEX)
Cost:
Interest rate:
Payback period:

b. Annual operating cost (OPEX)
Maintenance:

c. Additional administration cost (training e.tc.):

Future SECA related activities

9. What other future SECA related investment plan do you have?
(1,5mins)




Maritime suppliers, fuel producers

Company profile and Key business activities

1. Please give an overview of your products or services.

(1,5mins)
2. Who are your key business partners?
Suppliers
Refineries
Logistics
Ports
Ship operators’/shipping lines
Shipping companies/operators
(2mins)
3. Which parts of the Baltic Sea region do your partners come from?
(2mins)
4. Who handles environmental issues in your company and what do they do?
(5mins)
5. How many staff do they have in this department and what is their level in management
level?
(2mins)
6. What is your source of environmental regulations information?
(1,5mins)
SECA related Process change
7. What is your annual company turnover?
(2mins)
8. What percentage of your turnover is SECA induced?
(3mins)

9. Canyou give the expenditure in your company has made due to the SECA regulations?
(e.g. hiring of new staff (how many staff), staff training / buying new equipment’s,
machine, updating refineries machinery)

(Please use the report sheet attached or leave it with the interviewee to pick up later)

(10mins)
10. What are the new additions or reduction to your company’s products/portfolio after
SECA?
(2min)
SECA future plans

11. What are your technical and administration options for SECA compliance?

(2mins)
12. How much will it cost you to carry this out?

(2mins)
13. What other SECA related activity do you have?

(2mins)




Curriculum Vitae

Personal data
Name:
Date of birth:
Place of birth:
Citizenship:

Contact data
E-mail:

Education
2014-2018

2013-2014
2011-2012
2010-2011
1997-2003
1990-1996
Language competence

Yoruba
English

Eunice Omolola Olaniyi
29th January 1979
Zaria, Nigeria

Nigerian

eunice.olaniyi@ttu.ee, omolololaolaniyi@gmail.com

Tallinn University of Technology, Estonia

PhD

Salford University, UK

MSC, International Business

Nigeria Institute of Public Relations (NIPR)

Public Relations Professional

Project Management Institute, USA

PMP (Project Management Professional)

Ladoke Akintola University of Technology, Nigeria
Bachelor of Technology (B.Tech), Pure and Applied Biology
West-Africa Senior School leaving Certificate

Mother Tongue
Fluent

Professional employment

2016-...

2011-2012

2008-2011

2006-2008

2005-2006

2004-2005

EU Project Management and Research
EnviSuM Project - Environmental Impact of Low Emission
Shipping: Measurements and Modelling Strategies - Funded by
European Union (European Regional Development Fund).
Northern Regional Customer Service Manager

Paints and Coating Manufacturers Nigeria Plc.

Customer Service Manager

Chemical and Allied Products Plc. subsidiary of United Africa
Company of Nigeria Plc. (UACN) Nigeria
Marketing Executive

Chemical and Allied Products Plc. subsidiary of United Africa
Company of Nigeria Plc. (UACN) Nigeria
Clinical Administrator

Nordica Fertility Clinic, Lagos, Nigeria
Peer Educator, UNICEF, Nigeria
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Isikuandmed
Nimi: Eunice Omolola Olaniyi
Slnniaeg: 29. jaanuar 1979
Sinnikoht: Zaria, Nigeeria
Kodakondsus: Nigeeria
Kontaktandmed
E-post: eunice.olaniyi@ttu.ee, omolololaolaniyi@gmail.com
Hariduskaik
2014-2018 Tallinna Tehnikaiilikool
Doktorant
2013-2014 Salford University, UK
Rahvusvahelise ari magistrikraad
2011-2012 Nigeria Institute of Public Relations (NIPR)
Avalikud suhted
2010-2011 Project Management Institute, USA
Projektijuhtimine
1997-2003 Ladoke Akintola University of Technology, Nigeria
Rakendusliku bioloogia tehnoloogia bakalaureus
1990-1996 Keskharidus
Keelteoskus
Inglise keel Kdrgtase
Yoruba Emakeel

Teenistuskaik
2016- ... EU projektijuhtimine ja nooremteadur
EnviSuM Project - Environmental Impact of Low Emission
Shipping: Measurements and Modelling Strategies - Funded by
European Union (European Regional Development Fund).

2011-2012 Klienditeeninduse juht
Paints and Coating Manufacturers Nigeria Plc.
2008-2011 Klienditeeninduse juht

Chemical and Allied Products Plc. subsidiary of United Africa
Company of Nigeria Plc. (UACN) Nigeria

2006—-2008 Turundusjuht
Chemical and Allied Products Plc. subsidiary of United Africa
Company of Nigeria Plc. (UACN) Nigeria

2005-2006 Kliiniline administraator
Nordica Fertility Clinic, Lagos, Nigeria
2004-2005 Koolitaja

UNICEF, Nigeria
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