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Abstract
The maritime industry is getting much attention owing to the current energy and climate crises. There are increasing
discussions on sustainable maritime transport across the globe especially after the successful implementation of the sulphur
regulations in the Baltic Sea Region (BSR). The world is now getting ready for the 2020 global sulphur cap suggesting
that the energy transition outlook in the maritime sector is becoming clearer and there is no going back.
Still, global energy consumption is growing at an alarming rate, and all hands must remain on deck to avert possible
world crises. There are still questions related to clean shipping, waste management, clean fuel, decarbonisation of fuel
and greenhouse associated with global warming. What are the expected hurdles of a complete transition to a complete
clean maritime transport industry? Can the world achieve total integration of this policy to contribute to environmental
protection?
The study investigates the effect of both public and private cost of environmental governance in the maritime sector and
evaluates the budding orchestration of green/clean shipping initiatives to activate regulatory policies using the Sulphur
Emission Control Area (SECA) regulation in the Baltic state region, its state of the art, coordination and cost. The study
further addresses the gaps in the present and future development of regulation compliance focussing on their design,
monitoring and control to meet the global outlook for the 2020 global sulphur cap.

Keywords Clean shipping · 2020 Global sulphur cap · DRY · Sustainability · Regulations

Die Errichtung eines nachhaltigen und übertragbaren Ostseeraumes ohne Schwefelemissionen

1 State of the art

From a technological and economical point of view, the
maritime sector is regarded a complex industry that is dis-
tressed with diverse challenges ranging from high invest-
ment costs, unstable costs of fuel, geological and political
issues around the world (Rack 2017). Shipping as a sec-
tor is growing rapidly because of the increased demand for
transportation and because it is seen as the most cost-effec-
tive way of moving goods around and across the globe (Aas
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et al. 2019). Notwithstanding, for a long time, shipping ac-
tivities have produced significant amounts of harmful emis-
sion (Lindstad et al. 2015) conveying the need to curb the
consequence or reduce the outcome thereof. Climate change
together with the air pollution from shipping emissions thus
increased environmental anxieties and rightly so, causing
some dramatic change to the regulatory framework in the
maritime landscape all over the world (Ren and Lützen
2015). One of such regulatory framework was proposed by
the International Convention for the Prevention of Pollu-
tion from Ships (MARPOL), Annex VI on emissions and
bunkering fuel requirement that regulates sulphur content
in bunker fuel (Lindstad et al. 2015).

Different emissions come from shipping activities i.e. ni-
trogen oxides (NOx), sulphur oxides (SOx), carbon monox-
ide (CO) and carbon dioxide (CO2) and the IMO has been
working tirelessly to ensure their reduction (Burel et al.
2013). However, as popularly reported (i.e. Klimont et al.
2013; Olaniyi and Viirmäe 2016) the major bunker oil for
ship is the Heavy fuel oil (HFO) a residual potion of crude
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oil distillation so that at combustion, the ship engine gives
off the sulphur emissions to the atmosphere necessitating
limiting SOx emissions from ships to improve air quality
and protect the environment especially for people living
around ports and coastal area.

The establishing the Sulphur emission control (SECA)
areas was, therefore, a good step undertaken by the Inter-
national Maritime Organisation (IMO) to reducing sulphur
emission from shipping especially around the Baltic Sea re-
gion (BSR) and North Channel (Olaniyi and Prause 2019a).
Consequently, since 2015, the sulphur cap of 0.1% w/w was
enacted in the BSR and North Channel and by 2020 other
ships outside SECA must reduce their sulphur emission to
0.5% w/w (IMO 2016), implying shipowners plying all wa-
ter surfaces all over the world must now comply with the
sulphur rule.

Maritime shipping is a major anchor for global trade and
economy and Sys et al. (2016) explained that the choice of
sulphur regulation compliance will determine the strategic
stance of individual shipowners. Diverse studies have re-
ported the different alternatives considered to be econom-
ically feasible to meet the SECA regulations (Seo et al.
2016). Olaniyi and Prause (2019b) reported how shipown-
ers in the BSR are exploring economically viable options
for the SECA and the global sulphur law post-2020. In the
BSR, the popular choices for ship compliance are switching
from heavy fuel oil (HFO) to low sulphur fuel i.e. marine
gas oil (MGO), maritime diesel oil (MDO), the ultra-low
sulphur fuel (ULSFO) or compliant fuel blends which are
expected to be available in the market through a different
form of products, the use of the scrubber plus HFO—an
abatement technology and the use of alternative fuel like
the liquefied natural gas (LNG) (Lähteenmäki-Uutela et al.
2019). Noteworthy to mention that all of these approaches
have their pros and cons, and different shipowners have
built their compliance strategies around one or more of
them with most of their decisions weighed between the
capital expenditures and their resulting operational expen-
diture (Gu and Wallace 2017). For example, despite a lot
of the negative debates on the use of the scrubbers, some
shipowners would still prefer the installation of the scrub-
ber exhaust gas cleaning systems so that they can continue
to enjoy the low cost of this residual fuel (HFO) (Atari et al.
2019). Hoping to solve this critical challenge, many stud-
ies have proposed different approaches to help the choice
of the compliance choices ranging from multi-criteria ap-
proach (Ren and Lützen 2015), stochastic programming
(Schinas and Stefanakos2012), cost-benefit analysis (Jiang
et al. 2014), costs function of emission abatement alterna-
tives (Lindstad et al. 2015) and value at risk (VaR) analysis
(Atari and Prause 2017) and the result reemphasises the im-
portance of establishing sustainable approach for regulatory
compliance (Olaniyi and Prause 2019a).

Delving further into their disadvantages using MGO and
other distillates, for example, would mean a high increase
in fuel cost for shipowners as well as fuel tank adapta-
tion for the new type of fuel. This situation also implies an
expensive plant upgrade (a significant increase in produc-
tion costs) for fuel producers (Olaniyi 2017; Olaniyi et al.
2018a). More so, some of these new blends of fuel may
have compatibility concerns making fuel handling a qual-
ity control challenge for the shipowners even though the
IMO has already published a “Guidance on Best Practice
for Fuel Oil Purchasers/Users for assuring the quality of
fuel oil used onboard ships” (Prause et al. 2019a).

The installation of the scrubber system remains complex,
especially for retrofits (Nikopoulou et al. 2013). The sig-
nificant investment cost for the exhaust gas cleaning sys-
tem as well as the operational cost related to increased
power consumption and the possible need for chemical con-
sumables and sludge handling for hybrid and closed-loop
scrubbers are all issues shipowners must face and overcome
(Olaniyi et al. 2018b, 2019a, 2019b). On a different angle
entirely, the use of LNG is seen to be gaining more ac-
ceptable ground to complying for the sulphur emission law
as well as for compliance for other forthcoming emission
regulations (Ren and Lützen 2015). Even though the LNG
bunkering infrastructure is still underdeveloped, the infras-
tructural growth is very rapid around the world especially
in Europe (Lähteenmäki-Uutela et al. 2019; Olaniyi and
Gerlitz 2019) and while the original oil-based fuels will
most likely be seen as the major fuel option for most ship-
owners, the business opportunities for the LNG fuel will be
very interesting and enticing for newly built ships around
the world as the 2020 global sulphur cap infolds.

Having looked into the SECA compliance processes in
the BSR, the North Sea and the English Channel in the last
three years, the authors concluded that it is important to in-
crease the visibility and awareness of this regulatory topic
and to align reports to improve cleaning shipping opera-
tional know-how globally (Prause and Olaniyi 2017). The
authors acknowledge diverse literature on ship emissions,
however, information on the specific topic of this paper
which addresses the link between emissions and economic
impact is still very limited. According to Olaniyi and Prause
(2018), one of the reasons why policy implementation fails
is that most of the discussions only dwell on their nega-
tive impact but do not centre on the smooth transitions of
the regulations into actual practice through series of ob-
servation of the costs, the impact and the implementation
gap. Accordingly, for sustainable environmental policy, it
is essential to study and consolidate resulting in the techno-
logical, economic or social outcome (Olaniyi et al. 2018c).

Thus, through empirical evidence and archival data, this
work investigates the regulatory performance of the SECA
regulation in the BSR and what lessons are learned to sus-
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tain its governance? The analysis facilitates the assessment
of the role and effectiveness of the sulphur emission law.
Given this context and utilizing results gathered after three
years of SECA implementation in the BSR, the authors
probe situations that can impede the regulatory progress
come 2020. Since the study involves aggregates evalua-
tion, many aspects of financial outcomes are also consid-
ered for shipowners to make the best compliance solution.
Both quantitative and qualitative data approaches were used
to collect data in the frame EU BSR Interreg Programme
sponsored projects. The paper concludes with pragmatic
recommendations for global regulatory visibility and sus-
tainability.

The next section of the paper gives a summary of the
methods used to gather data followed by a section that gives
an overview of the SECA regulation activities in the BSR.
The fourth section discusses the result through recommen-
dations for the 2020 global cap followed by the conclusion.

2 Methods

Since the purpose of the study was to explore and give
a description of the state of play of the compliance activ-
ities of the sulphur regulation within the maritime sector,
the authors used both quantitative and qualitative method to
collect and analyse the data according to Marshall (1995,
pp. 78–80). As primary data collection, expert interviews,
case studies, surveys and focus group meetings and work-
shops were used. This approach was taken to enhance, con-
verge and corroborate the results outcomes as explained by
Klein and Myers (1999).

Using Yin (1989), descriptive analysis of the interviews,
focus groups and workshop meetings were made. 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 economic impact of SECA was very negative
to very positive to maritime actors in the BSR.

The Osterwalder (2004) business development model
was used for compliance models aimed to reduce emissions
and transaction costs of compliance using the scrubber sys-
tems and the LNG value network. Costs of regulations are
categorised into regulation charges, substansive compliance
costs, and administrative burden. However, only compliance
and administrative burden costs are applicable to SECA.
The Standard Cost Model (SCM) by Renda et al. (2013)
was used to calculate the administrative burden costs of the
regulation (i.e. costs incurred whenever a company is con-
fronted by the necessity to provide information that arises
by the operation of law such as the SECA). Lastly, the au-
thors extrapolated the maritime fuel consumption of ships
in BSR before and post 2015 to determine the additional

SECA-related costs proportionally distributed according to
the type of compliance in the BSR.

3 Results

3.1 Overview of the compliance strategies in the
BSR

Compliance measurement of air emissions on the Baltic
waters had an impressive result of 95% compliance rate
and 85% around the Baltic water boarders. Shipowners
adopted a different strategy for compliance. While some
went for a total strategy of a specific compliance method,
some adopted the hybrid strategy that combines two or more
of the compliance methods. 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 risk undertakings. Other hybrids of
low sulphur fuel are growing in demand because they are
less expensive than conventional distillates.

The installation of the scrubber is mostly preferred for
retrofit for old ships that are nine years and above while
shipowners prefer the LNG tank installations for newly built
ships. Most shipowners are still wary of this approach but
the Stochastic approach (Binomial) was validated as an ap-
propriate and promising instrument to assess and evaluate
the scrubber installation process if need be (details in Atari
et al. 2019). The EU Directive 2014/94/EU on TENT-T
(Trans-European Transport Networks) core seaports that
mandate the ports to be equipped with LNG bunkering ter-
minals by the year 2025 facilitates the development of the
LNG infrastructure across Europe.

3.2 The economic impact of SECA regulations on
maritime business activities

The survey outcome suggests that the general economic
effects are negligible for most shipowners due to the sig-
nificant reduction in fuel price since 2014, however, some
stakeholders like the fuel producers must make a signifi-
cant adjustment in their production plants to comply. This
implies that sulphur regulations are very costly and risky
to small and medium fuel producer who must make heavy
investment in their production to produce compliant fuel
(details in Prause et al. 2019b). With a homogenous sim-
ilarity in the stakeholder responses, the standard deviation
analysis of the survey data, shows that SECA regulation
impact on costs, pricing, FDI, cargo flows and modal splits
were low while innovation and the branding of the BSR
have been positively impacted by SECA. Some of these
impacts are noted to be country and sector-specific.
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Table 1 Cost of SECA Compli-
ance (millions) (2015–2018)

2015 2016 2017 2018

Fuel consumption (m/ton) 4.973 4.947 4.920 4.894

Non-MGO/MDO 3.978 3.957 3.936 3.915

Mean ULS-IFO380 Spread (C) 186.26 150.43 151.92 182.83

Annual add. Fuel costs (million C) 615.616 500.641 502.608 563.940

Source: authors’

Table 2 Total costs of SECA regualtions (annual)

Total annual average costs Million C

Additional annual fuel costs 550

Annual administrative burden 2.96

Sum 553

Source: authors

In general, because there are different fragments of tasks
to fulfil, it is hard to notice the administrative burden of
SECA—except for the maintenance—because and each of
these tasks takes only a little time on a normal operation but
in sum could be time-consuming. The SECA information
obligations identified as administrative burdens to shipown-
ers are associated but not limited to recording into bunker
delivery notes (BDN); time spent recording (fuel sample,
scrubber emissions logbook & waste disposal logbook (for
ships using the scrubber technology), fuel switchover be-
fore entering SECA. Others are training and awareness of
staff (also include hiring), off hiring days recorded during
scrubber or new tank installations and maintenance, time to
write applications for subsidies, grant and loans related to
SECA investments and other unspecified obligations.

To calculate the administrative burden, the authors as-
sumed average monthly wages of 5000 C in Denmark, Fin-
land, Germany and Sweden as well as average monthly staff
costs of 3500 C in Estonia, Latvia, Lithuania and Poland,
the total annual costs of administrative burden for shipown-
ers in the BSR due to SECA-related administrative burden
was calculated to around 2.7 million C. However, if the
annual administrative burden per ship is calculated (using
Helcom 2018 estimation of 1500 ships), the resulting costs
would be less than 2000 C per ship every year which can
be considered as a negligible cost-block compared to other
cost categories in shipping sector such as capital costs or
fuel costs. Also, the total SECA-related administrative bur-
den annually for all EU maritime authorities which mostly
include compliance checks of ships in national ports was
calculated to be 260,000 C. By adding up both administra-
tive activities equals approximately 2.96 million C as the
annual total cost of administrative burden in the BSR. It
is important to note that these findings are lower than the
pre-SECA related research report on the ex-ante expecta-
tions of SECA impact on maritime business implying that
in BSR the numbers were overestimated compared to the

trifling effects that appeared after 2015. This report backed
up with cases from shipping lines around Europe.

Next, the costs of SECA regulations compliance was
calculated using an average fuel spread per ton calculation
from the year 2015 to 2018 using the Rotterdam daily fuel
prices (ECG 2019). Consumed maritime fuel in 2015 was
extrapolated to the following years by assuming an annual
maritime traffic increase of 1.5% and an annual energy effi-
ciency increase of 2% within the whole BSR fleet according
to Kalli et al. (2013). Thus, the 2016 total fuel consumption
in BSR, as well as the fuel consumption of the following
years, are forecasted (Table 1) by taking the current annual
fuel consumption in a million tons and multiplying it by
1.015 * 0.98, i.e. 4.947= 4.973 * 1.015 * 0.98 (Prause and
Olaniyi 2019).

The total additional costs for SECA compliance in 2015
was made by dividing the additional compliance costs by
the consumed fuel in BSR in 2015 amounts to 616 million
C. With the exact approach, the extra SECA compliance
costs between 2016 and 2018 are valued as shown in Ta-
ble 1:

Accordingly, by considering the median value within
2015 and 2018, the average costs are made to about 550
million C for the BSR. By taking the additional total costs
as well as the administrative burden of SECA regulations
into account, the estimation of the total annual cost of SECA
regulation is made as shown in Table 2:

Aforementioned, there are were many extrapolations of
the SECA results and as expected, ordinarily regulations
would always have a direct impact on the industry involved
but in this case, the plummeted fuel costs since 2014 had
cushion the negative effect of SECA. The introduction of
sulphur regulations in the BSR was seen to have influenced
the maritime companies established after 2010 in the BSR
positively. Aside from maritime and offshore sectors, many
of the new entrants offer different range of emission re-
duction technologies for both power plants and maritime
engines. Although some of these companies having about
10 staff or less, they are still able to serve global mar-
kets. This particular result shows that the SECA regulation
has had a positive impact on the production, application or
exploitation of eco-innovations within the BSR innovation
system. However, these innovations outcomes are more or
less incremental in nature rather than radical. They are also
new for the users as opposed to new for the world.
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3.3 Entrepreneurial compliance options for marine
fuel producers

Although fuel costs have been low since 2014, which have
reduced the burden of ship owners, the fuel producers are
still under pressure to produce compliant fuel. While the
bigger fuel companies have been able to successfully nav-
igate their way around it, medium size fuel producers are
struggling (Olaniyi and Viirmae 2016). To avoid the vicious
cycles that could lead to precarious financial performance
small and medium-size fuel producers need to take a strate-
gic business stance through the change in their business
models. Accordingly, the authors are proposing the Mar-
itime Energy Contracting Model (MEC) model as a market
mechanism that uses the Energy Supply Contract (ESC)
concept using the scrubber technology where the fuel pro-
ducers pre-finance the scrubber installation on contracted
ships and at the same time supply HFO. Subsequently, the
same concept can be used to create the LNG Maritime En-
ergy Contracting Business Model (MECLNG) (see Olaniyi
and Gerlitz 2019) using the contextual idea of a project
company pre-financing the LNG retrofit for a ship through
a contractual agreement with shipowners for a constant sup-
ply of the LNG to protect the sulphur emission compliance.
As with the MEC, the central stimulus for the MECLNG is to
lower the costs of complying with the sulphur regulations
for the shipowners and increasing the business scope for
the Project Company (PC).

The overall advantages of both energy business models
for fuel producers and distributors can be summarised to
be:

� Reduction of SOx emissions.
� Savings related to investment costs and other costs.
� Creation of jobs and careers.
� Operational costs reductions.
� Free technology and expertise backing for the ship-

owner.
� Flexible investment option for the fuel company.
� A higher margin for the fuel production company.
� Customised contracts.

The key activities of these models show how marine
fuel producers will evolve from mare producers to service
providers that will introduce compliance solutions where
their major value proposition will shift from economies of
scale approach to an economy of scope concept. The en-
ergy models are empirically validated with a case study of
RoPax ferry ship that plies Tallinn-Helsinki route. The pro-
posed models’ advocate for small and medium companies
to create a niche for themselves to boost their competitive
advantage in a heavily monopolised industry.

For example, the business model package for the MEC
using the scrubber is calculated by using the annual scrub-

ber cost at 10% additional scrubber fuel/year., 2%, addi-
tional scrubber service yearly and an annuity of 15 years
depreciation of scrubber/year with a 6% interest costs. The
cost is calculated as following:

MECPricet = Fuelcostt + Scrubbercostst
+ Adjustmentst

(1)

Where theScrubberCostst = 0.1 � HFOCostt
+ 0.02 � ScrubberPricet + Annuityt

(2)

Although there are considerable gaps between commer-
cial contracts for HFO bunker and the LNG, the authors
suggest that for this adaptation to work, the energy con-
tract should be made on short-term bases (i.e. 1–3 years) so
that it slowly develops. The proposed business model has
the full potential to improve fuel supply and cooperation
among various maritime stakeholders.

4 Discussion

4.1 What we have learned going forward

First, we have learned that the BSR (Baltic Sea Region)
and North Channel became a successful test lab for the
world since 2015 January and has been very exceptional
in the implementation of the sulphur regulation. The world
must look into what was done, how they were done to en-
able and trigger a sustainable future for the sulphur law
and clean shipping in general globally. Along this line, it
is important the rest of the world cautiously proceed with
the 2020 global sulphur rule, as each country must be able
to generate country-specific strategy while drawing on the
strength of knowledge carried from a different region or
country. Looking into what has happened in the BSR (i.e.
compliance activities, opportunities and challenges as well
as the compliance costs), they need to take inventory of
the current situation in their countries and draw conclu-
sions from them. This bottom-up implementation strategy
will ensure sustainability. One caution might be that even
though the authors support the bottom-up approach to the
sulphur regulation and that a one-plan-fits-all approach that
involves a whole adaption from the BSR will not work for
all countries, the authors still put forward that there are still
many lessons and modus operandi to draw from the BSR
experience as recorded in this study.

Second, one can expect that bunker fuel supply and
availability will change after the 2020 global sulphur cap
that will spur demand for drastic and cost-efficient techno-
logical. This will introduce more confusion in the market
because unfortunately when there are many technological
or abatement options, decisions become hard to make. To
make the matter worse, already there are radical discus-
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sions on decarbonisation and other projected environmen-
tal inclined restrictions adding more chaos to the already
over the flooded market. The good news is that it seems
the decision to use the more expensive fuel instead of the
expensive abatement options will keep the maritime-based
supply chains in check in the coming years. This must be
put into cognisance when choosing compliance strategies.

Third, the content and design features of the SECA rules
in combination with other current and upcoming environ-
mental rules may not be enough to make the shipping in-
dustry shift entirely to clean shipping technology. A radical
or systemic innovation would require a different set of reg-
ulatory requirements that is efficient and sustainable. There
is still a lot of room for improvement for knowledge on the
environmental impact of ship emissions and further exten-
sion of available data on emission, on monitoring and for
development of compliance methods or technology. For the
emission regulations such as the sulphur emission to work,
the policymakers must seek to integrate and adopt a poten-
tially high-cost effective compliance option/approach for all
actors and stakeholders.

Fourth, noting the disparity between Europe and proba-
bly North America against the rest of the world, all hands
must be on deck especially with the forthcoming global
sulphur 2020 regulation to ensure for all countries take re-
sponsibility by actively looking inward as China is presently
doing to proffer a way out of this global challenge. A con-
tinuous reduction of global sulphur emission will influence
the future climate change positively.

Further, the world cannot lose focus on other methods
of sulphur emission such as from agriculture. For example
in agriculture, part of the sulphur in the sulphuric acid used
in the production of fertiliser goes into a biological recycle
in the soil and drained into the ocean from the soil bed to
the river. Other considerations are emissions from industrial
waste. In other words, the introduction of ambitious stricter
emission limits must be followed by actions from other
sectors to stabilise sulphur emissions globally.

Again, regional sulphur limits vary and there are too
many information, too many dos and don’ts that shipown-
ers have to contend with as they move coast to coast. One of
such is the amendment of the law that bans the usage of the
HFO without the installation of the scrubber onboard which
gives ports the authority to detain vessels with non-compli-
ant fuel or fuel tank. Pushing this point further another law
in some ports like in Germany and Belgium have already
banned the use of the open-loop scrubbers within their area
also constraining the discharge of the scrubber waste by
doing so. These are two varying laws regarding the same
technology and the same abatement solution which calls for
a standard unification of law across all ports.

5 Conclusions

This study aggregates SECA regulations economic outcome
in the BSR as the world is set to embark on the global sul-
phur cap from 2020. By providing the integrative economic
impacts of clean shipping in the BSR, the authors support
the aim 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 to reduce emissions and safeguard
lives. This way shipowners and maritime actors and well
as the policymakers can have a broader view on the over-
all costs and technological and entrepreneurial potentials
of the regulatory compliance activities. This provides an
enabler for a coping mechanism for all actors to ensure
the industry’s sustainability especially in view of the 2020
global sulphur rule. This type of study is useful as bench-
marking and referencing tool for efficient dissemination of
regulatory systems in the future.
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