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Sweden has adopted environmental discounts for ships arriving at fairways and in some ports to encourage
investment in measures to reduce shipping’s impact on climate change, air quality and marine environment. The
present study investigates the impact of these discounts in 2020 on investment decisions made by ship-owners.
As a starting point, this impact was assessed by comparing the potential annual benefits of the discounts with the
annualized costs of retrofitting four selected abatement technologies. The results indicate that, while the port
discounts are relatively small when compared to the costs of abatement, the fairway discounts could be signif-
icant for ships frequently calling at Swedish ports under specific conditions. However, we conclude that the
discounts alone are insufficient to incentivize ship-owners to invest in abatement technologies for older ships. To
improve the usefulness of these discounts, the design should incorporate a more precise internalization of
abatement costs. This could be achieved by implementing individual discounts for different abatement strategies,
establishing dedicated subsidies for high-cost innovative technologies, enhancing scoring systems, and by better

matching the discount with other market-based policies internationally.

1. Introduction

One of the most polluted and most trafficked sea areas in the world is
the Baltic Sea [17]. Due to its semi-enclosed character and low biodi-
versity, the Baltic Sea is particularly sensitive to environmental pres-
sures since inputs of nutrients or contaminants from the drainage area
accumulate in the Baltic Sea resulting in elevated concentrations [11].
As a result, the Baltic Sea suffers from both eutrophication and receives
high loads of contaminants [17]. Recent studies have shown shipping to
be an important source of both nitrogen (deposition from NOy) [25] and
copper (Cu) (from antifouling paints) to the Baltic Sea [48]. This was
also addressed by Ytreberg et al. [47] who quantify the societal damage
costs of shipping emissions due to the degradation of human welfare in
the Baltic Sea region. The result showed the annual damage costs
resulting from emissions of NOx (impacts on human health and marine
eutrophication) and emissions of copper from antifouling paints (im-
pacts on marine ecotoxicity) to be substantial, 1.4 billion € and 0.55
billion €, respectively [48]. In response to these environmental impacts,
several global regulations have been established by the International
Maritime Organization (IMO). While regulations exist to control some

emissions, such as NOx and SOy, there is a need for further global reg-
ulations to meet the IMO’s objective of reducing greenhouse gases
emissions (GHGs) by 50% by 2050, and new policy instruments are
therefore being discussed. Also antifouling paint is only partly regulated
globally where the International Convention on the Control of Harmful
Anti-Fouling Systems on Ships prohibit the use of the organotins, and
with amendment in 2023 also cybutryne [20]. Furthermore, interna-
tional regulations and agreements are complex, and these types of
processes often take time due to the involvement of multiple actors and
the need to balance competing interests [1,42]. Adoptions of regulations
in the maritime sector is further hindered by the fact that ships in gen-
eral have long lifetimes and several regulations only apply on newly
built ships.

In addition to the global regulations, ports have the ability to adopt
market-based policy instruments to address the environmental impact
from shipping. In Sweden, many ports and all fairways have adopted
discounts on their fees based on the ships’ environmental performance
[37]. The environmental performance of these discounts is evaluated
using two indices: Clean Shipping Index (CSI) and Environmental Ship
Index (ESI). CSI considers both emissions to air and to water, while ESI
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only considers emissions to air [9,12]. The purpose of the indices is to
distinguish which ships have lower environmental impact and thereby
have a lower damage cost to society. Studies suggest that it is beneficial
from a socio-economic perspective to abate ships emissions of NOx, CO2,
and Cu [28,31,45]. However, it is also of interest to evaluate if and how
the benefits of the discounts compare to the additional costs to invest in
abatement technologies from a ship owners perspective. Since these
discounts are market-based incentives and are not mandatory, reduced
emissions will only happen if ship owners choose to invest in and apply
different abatement measures. In general, there are many different in-
centives for shipping globally [8], and the interaction between these
policies is important, as the combined benefit and cost of several in-
centives could be enough to induce change.

The aim of this study was to evaluate whether environmental dis-
counts provided at Swedish ports and fairways could have a decisive
impact on ship-owners, and consequently, determine whether the dis-
counts potentially could lead to a reduction in emissions to the Baltic
Sea. By “decisive”, it is meant whether these discounts could incentivize
ship-owners to invest in abatement technologies to mitigate emissions.
The study was conducted by comparing the annualized costs of installing
and operating different abatement technologies with the potential
annual benefits obtained by the ship owner due to two policy in-
struments (discounts in ports and fairway fees). Seven model ships were
used in the evaluation and the following abatement technologies (ret-
rofitted) were included: selective catalytic reduction (SCR) to reduce
NOx emissions; onshore power supply (OPS) and batteries to reduce
emissions of GHG, NOy, and SOyx; and biocide-free antifouling paints
instead of copper-based paints to reduce emissions of copper.

2. Material and methods

This study evaluated how policy instruments potentially can affect a
ship owner’s decision to invest in an abatement strategy. The evalua-
tions were performed using so-called model-ships that represents
different ship segments operating in Swedish fairways and with calls in
Swedish ports. The following sections only give a brief overview of the
costs of the abatement strategies and benefits of the discounts. The
model ships were constructed to represent typical ships in 7 important
ship segments and the assumed number of port calls are based on data
from the Swedish Maritime Administration (SMA). Further descriptions
about the model-ships, theory on international regulation of shipping
pollution and input data can be found in Supplementary material A and
B.

2.1. Abatement strategies and costs components

All costs in this study were annualized to be able to compare in-
vestments costs with operational expenditures [6]. The private cost
perspective was used as a baseline for investments since that reflects
whether a company is likely to invest in a technology or not. The private
cost was calculated using an interest rate of 10% over a deprecation
period of 10 years, or alternatively the lifetime of the technology if this is
believed to be shorter [18]. Only the costs of rebuilding ships (retrofit)
were considered, and not installations in new built ships, since the effect
on the current fleet was analyzed rather than the future fleet. A brief
overview of the four selected technologies is given below. A more
detailed description of the costs of the four abatement technologies can
be found in Supplementary material A and B.

2.1.1. SCR

The model ships were assumed to use SCR to reduce NOy at sea, since
SCR is the most commonly used NOx reducing technologies on ships
today [19] and that it is possible to retrofit existing ships with SCR [46].
The abatement potential is presumed to be the same as if a ship reaches
the Tier III level. The costs included in the analysis were the costs of
investment, urea consumption, catalyst replacement and labor. In this
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study SCR was only assumed to be used at sea.

2.1.2. Antifouling paint

The antifouling abatement strategy was evaluated by assuming that
the ship owners switch from a conventional biocidal copper-based
antifouling coating to a non-biocidal foul-release silicone coating. Two
scenarios were used: Case 1, the ship owner needs to blast and repaint
the entire ship as a result of switching from a copper-based-coating to
silicon coating (i.e., the full grit blasting cost is not considered for the
copper-based-coating) and Case 2, a full blasting of the hull is performed
regardless of whether a silicone or a copper-based coating is to be
applied on the hull (i.e., the investment cost for switching to a silicone-
coating comprises complete blasting and repainting of the hull). The
economic costs for the ship owner included labor costs (painting,
washing and blasting), and the cost of the paint. These costs were in turn
divided into an investment cost which involved a complete blasting and
repainting of the hull, and maintenance costs, which involved regular
spot blasting and repainting occurring at each drydock interval. The
maintenance needs of the two antifouling systems were assumed to
differ, since copper-based coating typically needs to be repainted at each
dry docking while the silicone paint typically only needs to be partly
applied at each dry docking [31]. Further details on assumptions and
assumed default costs are included in Supporting Material B and Sup-
porting Material A S2. Cost components & distribution.

2.1.3. Onshore Power Supply (OPS)

The costs for Onshore Power Supply (OPS) were determined by
combining the annualized installation expenses with the annual elec-
tricity costs, and then subtracting the annual fuel costs. OPS was
assumed to cover the ships entire electricity use at Swedish ports, i.e.,
excluding any electricity used in other countries. The investment cost of
the onboard equipment for OPS only included the onboard cost of
components such as the transformer, main switchboard, control panel,
cabling and cable reel system. The cost of installations on shore was
instead assumed to be paid for by the port.

2.1.4. Plug-in hybrid ship: battery storage

This study only included installation of a relatively small battery (1
000 kWh), since none of the investigated model ships, except the RoPax
ship, were considered suitable to operate with electric power only. The
retrofitting cost of installing the battery was based on two ships that
have been retrofitted with a battery in Sweden [22,41]. State of charge
(SOC) was assumed to be 80% implying that only 800 kWh were used
between two ports.

2.1.5. Uncertainties

The uncertainty range for the cost components was modeled with a
Monte Carlo simulation varying the cost components according to either
a normal or a triangular distribution. The Monte Carlo simulations were
performed with the risk analysis tool @RISK [32]. All costs were
calculated to correspond to 2019 price levels using OECD [30] and ex-
change rates from the European Central Bank [13]. The cost data and
key assumptions are presented in Supplementary material B and all as-
sumptions and costs used are further described for respective technology
in Supplementary material A - Tables S1 and S2.

2.2. Annual benefit of port and fairway discounts

This study examined two different market-based policy instruments in
Sweden and two index systems, on which the policies are based. The
annual benefit, which was compared to the costs, was based on these
two policy instruments.

2.2.1. The environmentally differentiated fairway fee in Sweden
Ships that transport goods or passengers to or from Sweden pay a fee
to the Swedish Maritime Administration (SMA). In 2020 the fairway fee
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was divided in three categories: (1.) port call (2.) readiness and (3.) pilot
[38,39]. It was only possible to get an environmental discount on (1.), i.
e. the port call share of the fairway fee. This port call fee, paid to SMA,
should not be confused with the port fee charged by the port (see next
section). To distinguish between these fees, SMAS port call fee is
therefore referred to as fairway fee'in this study. The fairway fee is used
to finance SMA and any lost revenue needs to be covered with a higher
fairway fee, for the SMA budget to be in balance. The environmentally
differentiated fairway fee is therefore indirectly financed by ships not
getting the discount (rather than by taxpayers though SMA), in principle
like a bonus-malus system. The environmentally differentiated fairway
fee is based on points scored in Clean Shipping Index (CSI) further
described below.

In Sweden, environmentally differentiated fairway fees have been in
place since 1998 where ship owners receive a rebate on the fairway fee
depending on the vessels’ environmental performance [28]. The con-
cepts, results and the discussion in this study are based on the scoring
system that was in place 2020. See Supplementary material A - Table S3
for further information about the discount scheme.

2.2.2. Environmentally differentiated port fees

When a ship makes a call to a port, the port charges a port fee for the
provided services. The port fee is not always a fixed amount; most of the
time it depends on the ship size (vessel dues) and/or the volume of
cargo/passengers (un)loaded (cargo dues). This study only considered
the port fees based on vessel dues, as environmental discounts are
related to these.

19 of 32 ports in Sweden use some type of environmentally differ-
entiated port fee [3] and the discounts based on environmental perfor-
mance are given in different ways. Most ports give rebates directly based
on a ship’s score in one of the two indices, ESI and/or CSI. Information
about the discounts for the four ports included in this study (Port of:
Stockholm, Gothenburg, Gavle and Brofjorden), can be found in Sup-
plementary material A - Table S5. The port fees are used to finance
respective ports daily operations, and environmentally differentiated
port fees are therefore indirectly financed by ship not getting the
discount.

2.2.3. Clean Shipping Index and Environmental Ship Index

Each ship arriving to a Swedish fairway may get a discount based on
its score in the CSI, ranging from Class A to E [37]. In the index, a ship
obtains scores based on the environmental performance beyond legal
compliance in five different categories. The five categories are CO, NOy,
Water and Waste, SOy/PM and Chemicals, and each category is divided
in different subcategories or abatement strategies [9]. SMA discounted
3.6 million euros in 2018 and 5.8 million in 2019 to the shipping in-
dustry [23]. See Supplementary material A - Table S4 for further in-
formation about the scores used in this study.

In ESI, ships can obtain scores based on their environmental per-
formance beyond legal compliance in the air emissions categories NO x,
SO x and CO». Besides this, additional points can be obtained when
onshore power supply installation is installed. The detailed methodol-
ogy is described on the ESI website [12].

2.2.4. Economic benefit

The annual benefit for model ships was estimated based on the
annual discount received for fairway and port fees for one year. How-
ever, the fairway fee discount is divided into three different discount
steps, as illustrated in Fig. 1. For this study, only the most extreme case
was considered and analyzed, which is when a ship moves from class C
to class B. This change could be achieved in several ways, for example if
the ship is currently not having any NOx reducing measure it may move
to a higher class by installing NOx abatement equipment on all main
engines. The annual benefit calculated in this study was set to represent
the maximum discount possible when a ship moves from one environ-
mental class to the next, including the discount on port fees. This
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Class D

Class C
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Class B

L

Class A

Annual benefit

Environmental discount on fairway fee [euro/year]

Ship’s Total Score in Clean Shipping Index [points]

Fig. 1. Systematic illustration showing how the annual environmental discount
on the fairway fee changes as a ship gets a higher score in the CSI. This benefit
may be achieved in several ways, depending on which abatement strategies the
ship is already using.

discount step was selected because it represents the best possible benefit
a ship owner could get from improving their scores in the indices.

The annual benefit was calculated by first evaluating the number of
port- and fairway discounts each model ship received in one year.
However, the maximal number of discounts in the fairway fee system
was 42 arrivals per year (or 3.5 per month) [39], which was also used in
this study as an upper boundary of the benefit. The number of discounts
was then multiplied by the benefit when the model ship moves from
class C to class B (euros/discount). For all ports, except the port of
Stockholm, the environmental discounts were only based on one dis-
count step, implying that the model ship got the entire discount, see
Supplementary material A — Table S5 for more detailed information. In
the port of Stockholm, the rebate was assumed to be 0.1 SEK/GT, which
corresponds to about 30 scores in the ESI index, which corresponds to an
investment in one single abatement strategy.

The uncertainties associated with the benefits of the discounts were
assessed by performing a sensitivity analysis on the depreciation time for
costs (5 and 2 years). This analysis was used to illustrate the impact that
changes in discount systems could have on ship owners in the short and
medium term.

3. Results and discussion
3.1. Cost and benefits of selected abatement strategies

The costs and benefits of each abatement strategy are separately
compared in the following section. The results are illustrated for the case
that a ship is close to reaching the higher environmental class
(threshold). Some further discussions about cost uncertainties and lim-
itations can be found in chapter 5 in supplementary material B.

3.1.1. Selective catalytic reduction system and NOx reduction

Fig. 2 shows the SCR annualized investment and annual operational
costs as well as the potential annual discount for the seven model ships.
The results indicate that only the tanker feeder would receive an annual
discount in port and fairway fees that exceeds the annualized investment
and annual operational costs for an SCR system. However, the additional
discounts could cover the operational costs of the RoRo and the RoPax
model-ships, implying that the number of annual visits to Sweden is an
important parameter for the total rebate, since these model ships pay the
maximum of 42 fairway fees per year.

The findings support the idea that the rebates offered at Swedish
ports and fairways for NOx abatement are insufficient [28]. Further-
more, compared to the old discount structure the discount is lacking in
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® SCR investment cost
SCR operational costs

Environmental discount on only the fairway fee
(ship goes from Class C to Class B)

— Annual environmental discount of port- & fairway
fee

I

Container
feeder

Tanker feeder General cargo

Fig. 2. Comparing the annualized cost of SCR (bars) with the benefit of a reduction of the port and fairway fee (dot and square) for retrofitting seven different model-
ships, under the assumption that the SCR is operating all the time. The error bars represent the two-standard deviation of all cost. The uncertainty range of the benefit

is described in Section 3.2.

accuracy, since the CSI scoring corresponding to class B could be ach-
ieved without any NOx score at all. This is not ideal given that the dis-
counts currently act as the primary incentive for commercial traffic to
reduce NOyx emissions arriving and departing from Sweden, since the
international strict Tier III regulations only apply to ships built after
2021. Additionally, these discounts provide a low economic incentive
compared to the investment support available to ship owners from the
NOx fund in Norway [36], or the previous support scheme for Swedish
fairway fees. Initially, the previous support scheme in Sweden included
subsidies for the installation of SCR and the discounts were limited to
NOx and SOx emissions. In contrast, CSI includes five environmental
parameters categorized into over 20 abatement measures ([40]:58, [3,9,
28]). In Norway, the policy is structured such that the industry pays a fee
to a fund based on their NOy emissions. The industry can then apply for
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investment support from the same fund for operating or investing in
abatement technologies, also known as refundable emission payments
[16,35,36]. This type of market-based policy instrument is in general
considered to be efficient in terms of abating NOx emissions since the
money is used for real improvements and creates opportunities for in-
novations [5,42,43].

3.1.2. Antifouling paint

The results presented in Fig. 3 show two different cases, case 1
represents the scenario when full grit blasting was not necessary, while
case 2 represents the scenario when the ship owner would need to fully
blast and fully repaint the ship. As can be seen in Fig. 3 the cost of
repainting the ship with silicone based antifouling paint is well below
the annual discount level of the fairway fee for four of the model ships,

m Case 1: Invesment cost of new
silicone system only

m Case 2: Invesment cost of a
new [conventional system -
silicone system]

(| = Maintenance cost
[conventional system - silicone
system]

Environmental discount on

only the fairway fee (ship goes
from Class C to Class B)

LLEE

Tanker feeder General cargo Container feeder

Fig. 3. Costs associated with changing from copper-based coating or silicone-based coating, when full grit blasting is not-necessary (yellow bar) and necessary (grey
bar). The difference between the maintenance cost for the conventional antifouling paint and the silicone paint is indicated with black line. The error bars represent
the two-standard deviation of all costs. The uncertainty range of the benefit is discussed in Section 3.2.
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regardless of which case is used. Even though the maintenance cost for
silicone is lower than for using copper-based paint (as indicated by the
black line), this cost reduction would not be enough to compensate for
the additional cost of replacing the old paint (Case 1).

In a recent study by Oliveira et al. [31], it was shown that operator
cost (bunker and hull maintenance) for ships operating in the Baltic Sea
region were similar when the vessel is using copper-based coatings or
silicone-coatings. Considering this, as well as the fact that
silicone-coating is as good or sometimes even better than copper-coating
in preventing marine growth on the hull, it is worth observing that only
a few ships are using silicone system today [27]. Lagerstrom et al. [27]
summarize some potential market barriers, including general skepticism
towards non-biocidal coatings and knowledge gaps. The knowledge gaps
include unawareness of the newest generation of efficient silicone
antifouling paint or simply that the life cycle cost of the paint is not
being considered. Moreover, Oliveira et al. [31] show that the anti-
fouling paint influence on bunker fuel consumption (not included in this
study) potentially has a larger uncertainty than all other costs associated
with the coating. This type of uncertainty could also have an impact on
the ship owners investment decisions, since status quo alternatives in
general are favored in decision making processes [33].

3.1.3. Onshore-power supply

The results in Fig. 4 illustrate that the overall cost associated with the
installation and operation of an OPS exceeds the benefits derived from
reduced fuel consumption. This indicates that, in the absence of in-
centives (like the discounts indicated by the red marker), the installation
(retrofitting) and operation of an OPS may be more costly. This outcome
depends on two key factors. Firstly, in some cases, the total cost of
electricity (comprising network charges, power fees, and electricity
costs) surpasses the total cost of fuel (indicated by the yellow marker),
despite the fact that electricity is priced lower than fuel. This is primarily
due to the fixed monthly power fee, which becomes the dominant cost
component when ships use the connection infrequently. Secondly, the
investment cost constitutes a larger proportion of the total cost when
ships spend less time at a port equipped with an OPS (as exemplified by
large tanker ship in Fig. 4).

The cost structure of the network tariff (power fee, fixed and network
fee) is relevant for ship owners, see supplementary material B for more
detailed information. One particularly important challenge is the cost of
high peak power demand for ships. An individual ship typically pays the
same amount of money for the fixed part of the power fee, regardless of
the number of times it arrives each month. This power fee dominates the
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cost structure, as ships tend to have similar peak power demands.
Furthermore, it would be profitable for all simulated ships in the study to
use grid electricity in Sweden instead of their auxiliary engines at berth
if all operational fixed monthly costs (such as the power fee and the fixed
network tariff) are divided by more than one ship or by a single ship
spending for example the double amount of time at berth. This would
ensure that the overall network cost at one connection point is not too
high. However, this may not apply to other countries where the overall
electricity price may be higher or lower due to factors such as taxes,
network fees, or spot prices.

The uncertainty calculation for the electricity produced by the grid
or auxiliary engines, as shown in Supplementary material B, reveals that
the ship owner would have a lower overall cost by keeping all fixed
monthly costs down, regardless of whether the ship has an environ-
mental differentiated port or fairway fee. In addition, if the grid elec-
tricity prices are too high, the ship can choose to produce electricity with
the auxiliary engine, as in the case with the high gas price in Europe
[49], thus reducing the financial risk for the ship owner.

3.1.4. Plug-in-battery

The results in Fig. 5 show that the cost of installing a battery (1 000
kWh) is high compared to all operational expenses (assuming 10% in-
terest rate and 10 years depreciation period). Compared to the cost of
operating OPS the “power fee” becomes low, since the power demand
could be spread out over a long charging period (6-32 h), implying
lower peak power and resulting in an overall lower power fee. The re-
sults also indicate that the operational expenses (black, yellow, and blue
bars) are lower than the benefit of reduced fuel consumption (yellow
rhombus). It is also possible to see that the benefits of reduced fuel
consumption increase if ships have more port calls per year, e.g. the
RoPax ship is assumed to charge 610 times/year while the RoRo ship is
assumed to charge only 300 times/year.

The results in Table 1 show that the average fuel saving at sea by
using a battery for auxiliary demand corresponds to between 0.1% and
1.2% of the calculated total fuel consumption for the model ships. The
potential fuel savings for the model ship with a small battery pack (1 000
kWh) is low compared with the total yearly fuel consumption for the
model ships. For the RoPax ship the saved fuel would correspond to
about 334 tonnes CO, emission /year from tank to propeller, i.e. not
including the upstream emission of the electricity or the fuel. This il-
lustrates the importance of also finding alternative fuels or using larger
battery packs in the marine sector to reduce CO; emissions, as argued by
Gossling et al. [15]. Abatement costs are high for using alternative fuels

Shoreside onboard investment
annual

Network cost excluding power fee

B Power fee

m Cost of electricity

A Benefit of reduced fuel consumption
+ environmental discount on port-
& fairway fee

— Annual environmental discount of
port- & fairway fee

< Benefit of reduced fuel consumption
(berthing)

Fig. 4. Annualized cost of installing and operating an OPS system onboard a ship compared to annual benefit of using OPS. The standard deviations are based on
Monte Carlo simulation. The uncertainty of the oil price and the electricity price is excluded in the error bars but is discussed in depth in Supplementary Material B.
The error bars represent the two-standard deviation of all other costs. The uncertainty range of the benefit is described in Section 3.2.
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m Battery cost (1000 kWh)

Installation cost battery
Network cost excluding power fee
(plug-in hybrid)

m Power fee (plug-in hybrid)

m Cost of electricity (plug-in hybrid)

A
[ © Benefit of reduced fuel consumption
(plug-in hybrid)
A
ABenefit of reduced fuel consumption
& &é + environmental discount on port- &
&5” Ny fairway fee (plug-in hybrid)
&
& S
N S . .
& & —Annual environmental discount of

port- & fairway fee

Fig. 5. Annualized cost of installing and using marine 1 000 kWh battery instead of MGO at berth. The uncertainty of the oil price and the electricity price is excluded
in the error bars. The error bars represent the two-standard deviation of all other costs The uncertainty range of the benefit is described in Section 3.2.

Table 1

Fuel savings for model ships using batteries (1 000 kWh).

or batteries at sea [24,44], and the port and fairway discounts are not
enough to reduce CO, emissions to any large extent. Studies show that if
there are large market barriers, the technology is immature, and if the

Model ship  Times Time per  Fuel consumption  Battery replaces of potential is high, it may be beneficial in the long run from a societal

;thrj;ng I[’Z;t call - sea (ton/year) Zfi:omumpm" perspective to financially support the new technology [4,14,21,34]. In

[#/year] the maritime sector one example of a policy instrument that created a

RoR. 300 s 21 200 0.2% type of “protected space” is the use of public procurement to introduce
(o) (e} .70 o . . . .

RoPax 610 6 20 900 0.5% bat'tery-elec.trlc SOll:ltIOIlS in Nor"/vay [2], where the installation of bat-

Cruise ship 320 14 31 400 0.2% teries on ships has increased rapidly.

Tanker 40 32 12 400 0.1%

large . . .

Tanker 110 32 6100 0.3% 3.2. Co.mbmed benefit of the discounts on port- and fairway fees and

feeder uncertainty of future benefit

General 170 23 2 600 1.2%

cargo Ships may need to invest in more than one technology to reach a new
i 0 . . . .

Cofzz::r 150 2 12300 0.2% environmental class in CSI or ESI indices. Fig. 6 shows all the technol-
ogies that were investigated, with the left bar representing the baseline
assumptions for each ship category. The comparison shows that the total
costs (bars) of installing all technologies investigated, which could

40 Il Selective catalytic reduction

e~ [ Onshore Power Supply
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Fig. 6. Cost and benefit comparison for different deprecation period (10 years: left bar, 5 years: middle bar and 2 years: right bar). The figure also compares the
overall results of retrofitting costs (bars) and benefits of policy instrument (lines) for four different abatement technologies.
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potentially reduce emissions from shipping (primarily CO,, NOx and
Cu), are higher than the benefits the ship owner would receive from a
reduced port and fairway fees (red line).

The results in Fig. 6 also show that ships that arrive many times at
Swedish ports (n > 40: RoRo, RoPax and tanker feeder) will have a
notable portion of the costs covered by the reduced fairway fee. This
prioritization of frequent visitors illustrates that the design of these
discount schemes is directed towards ship with many arrivals, which
implies that the discounts address the most relevant ship categories from
aregional environmental perspective. However, even though these ships
have a large portion of the costs covered, the suggested abatement
technologies are not enough to reach the score of 100 in CSI alone,
which is the threshold score that is required for a ship to be classified as a
Class B ship. To reach this discount level, the ship owner would also need
to invest in other abatement technologies than those analyzed in Fig. 6.

As previously described, there are many cost components with a
varying degree of uncertainty included in the results. However, the
uncertainty of the future benefit is also something that could affect the
ship owner’s willingness to invest. As described in Lindé et al. [28] the
discount on the fairway fee has changed several times, also the scoring
system itself has been updated several times [10]. These updates could
reduce the economic lifetime of the investment for the ship owner, for
example if the abatement strategy is removed from the indices (CSI or
ESI) or if the discount is reduced. This uncertainty is illustrated in Fig. 6
by adopting different depreciation times; 10 (baseline), 5 and 2 years
respectively. As can be seen in the figure the costs for OPS and silicone
antifouling paint are still less than the benefits for some of the model
ships, even under shorter depreciation times. However, the costs in-
crease considerably, which illustrates the problem with adopting a
policy instrument where the incentives are continuously paid and where
the required technical measures have a high capital cost.

The results shown in Fig. 6 also illustrate that discounts on the port
fees are small (2-16%) compared to the reduction of the fairway fee (the
difference between the white and red lines). Even though the level of the
port discounts in the selected ports are rather small in relation to the
abatement costs it is also an issue that most ports the ships visit globally
do not have discounts. Globally, one study has identified only about 85
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ports that use environmental discounts [8],which is a small number
compared to the total number of 6 651 ports worldwide, as identified in
the Lloyd’s Maritime Intelligence Unit’s database by Keller et al. [26].
Mjelde et al. [29] even go as far as to suggest making it “mandatory for
all ports to implement environmentally differentiated port fees” as a way
of addressing this issue.

The calculation of benefits in this paper was based solely on a fixed
number of port calls for the seven model ships. It’s essential to highlight
that while the total port call discount would steadily increase if a
particular ship visited a port offering a discount more frequently, only a
limited number of ships make enough calls to a Swedish port to bring the
port call discount into a similar range as the fairway discount.
Conversely, the refund obtained from the fairway fee will only experi-
ence an increase if the current arrivals of the ship are less than 3.5 times
per month, considering that they already receive the maximum number
of discounts.

3.3. Scoring in fairway fee system

The CSI scoring system contains many abatement strategies, which
could be selected arbitrarily or strategically by the ship owner. If the
ship owners decide to make a strategic choice based on the costs, each
unique ship will face a unique cost curve. These cost curves are illus-
trated for the four selected abatement strategies in Fig. 7 by comparing
the CSI scores and the technology costs for all model ships. In all cases,
the cost per additional point in the CSI index is the highest for the bat-
tery, 100,000 €/point. The high cost per score, and the relatively costly
investment (Fig. 6) implies that retrofitting a battery is expected to be
less incentivized from the environmentally differentiated fairway fees,
compared to the other abatement technologies. Furthermore, Fig. 7
shows that installing a 1000 kWh battery or repainting the ship (sili-
cone) will only result in three and two additional points, respectively.
These results indicate that the environmentally differentiated fairway
fees will not likely be decisive for the ship owners’ decision to invest in
these two technologies if the ship is not very close to the threshold be-
tween environmental class C and B.

RoRo RoPax Cruise ship (passenger) Tanker large
— 100 100 100
Q
o 80
8 80 80 80
60

v 60 60 60
W
X 40 40 40 40
&’ 20 20 20 20
]
Q ] ] ] |
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0 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
- Tanker feeder __General cargo ~ Container feeder
8 100 100 100
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-
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Fig. 7. Cost curves for four abatement technologies for seven different model ships. The figure illustrates the annualized cost per score in the Clean Shipping Index
(CSI) for installing the specific technology compared to the total CSI score each ship owner could theoretically receive.
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4. Policy recommendations

The comparison shows that from a private cost perspective, eco-
nomic incentives alone are not enough to stimulate investments in all
these technologies. Yet, studies have shown the environmental impacts
related to ship emissions of e.g. NOx and Cu emissions to be substantial
in the Baltic Sea [47,48], and these types of measures would be bene-
ficial from a socio-economic cost perspective [28,31,45].

Our findings show the selected abatement strategies have very
different ranges of cost, uncertainties, and market barriers. However,
the ports and SMA aggregate several abatement categories into only one
(ports) or three (SMA) discount steps, respectively (except the port of
Stockholm that has many incremental steps). A ship owner for example
gets 65% discount of the fairway fees when going from environmental
class C to B in the CSI index. Therefore, it is possible that a ship owner
could benefit from, for example, repainting the ship using silicone-based
antifouling paint but not also retrofit the ship with SCR. One solution
could therefore be to separate the discount for the different abatement
strategies or at least base it on the different environmental impact cat-
egories. This would also make the discount easier to evaluate since it
would be possible to link investment or use of abatement measures to
the discounts. Another approach could be to offer the discount in in-
cremental steps, even though this type of policy design would be more
imprecise than to categorize the discount.

Updating the scoring systems (ESI/CSI) to better match abatement
costs or environmental damage costs is another potential route to
encouraging ship owners to invest and improve environmental out-
comes. The result of this study indicates that antifouling paint seems to
be a low-hanging fruit in this context. The potential environmental
savings of silicone-based coatings are vast since the usage of copper-
based antifouling coatings alone on commercial shipping stands for
33% of the total input of Cu to the Baltic Sea [48]. If silicone-based
coatings would receive a higher weight in the CSI index, the invest-
ment would probably be more appealing for ship owners, not only in
terms of economic incentive but also communication; there are in-
dications that information asymmetry and biases [27], could be root
causes of ship owners not investing in silicone-coating, which makes
spreading information important.

To make the incentives more decisive for ship owners, more ports
need to adopt some type of incentive. Also, the incentives need to
address matching and relevant environmental impact categories. For the
global shipping, Christodoulou et al. [8] for example identified 249 in-
centives (like the discounts) of various types and Skold [37] found nine
different index/incentive systems (like for example CSI/ESI). The port
and fairway discounts in Sweden are only partly designed to match other
incentives, and the interrelatedness to other policy instruments could be
improved. Without a more collective effort to design a supporting
scheme, for example initiated by IMO or EU, there is a risk that the
discount will be too low for ship owners to make any investment. This is
also what Mjelde et al. [29] and Vaishnav et al. [45] suggested when
they analyzed the potential discount for cruise ships in ports and the
socio-economic benefit of the OPS in the US.

Typically, ships that already have SCR or OPS would benefit from a
policy instrument that continuously refunds money based on use, like
the current discounts. However, the current structure of the rebate could
change with short notice, which makes this type of rebate a source of
uncertainty for new capital investments. Retrofit investments in OPS,
battery and SCR are unlikely under current regulations because of both
the costs and the uncertainties in the rebate schemes. Ships that havent
installed OPS, battery and SCR would therefore instead benefit from
some type of direct financial support or change in regulatory framework
like a public procurement initiative or the NOx-fund in Norway [2,36].
This is especially true if the goal is to introduce alternative fuels or
batteries, where the costs seem to be of a different magnitude than the
discounts [7,24,44].
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5. Conclusion

The study examines how ports and fairways in Sweden use envi-
ronmental discounts on their tariffs to mitigate the environmental
impact of shipping. It evaluates the economic benefits of these discounts
by comparing the potential annual benefits for different types of ships
with the annualized costs of retrofitting four selected abatement tech-
nologies expected to reduce emissions that are particularly relevant to
the Baltic Sea. The main conclusion is that the discounts do not seem to
be a decisive factor for ship-owners when deciding whether to invest in
the selected abatement technologies. For most ship categories investi-
gated, the annual benefit of the discounts is smaller than the overall
annualized cost of installing the selected technologies. Furthermore, the
uncertainties associated with these investments are large, both in terms
of cost and benefits. It is also worth noting that the potential economic
benefits of the discount on port fees are small relative to the cost.
However, under certain conditions, the discount on fairway fees could
be relevant.

In the case of ships frequently arriving at Swedish fairways, the
economic benefit of the discount can be significant when a ship moves
from class C to class B. In such situations, it may be theoretically ad-
vantageous to invest in OPS or repaint the ship with silicone paint.
However, these types of investments are uncertain and depend on fac-
tors such as energy prices and knowledge gaps rather than the discounts
evaluated in this study. One way to increase the attractiveness of these
technologies and raise awareness would be to assign them a higher score
in the CSI. Another way would be to redesign the fairway discount itself,
such as by making the economic benefits more gradual and separating
the discount for different abatement strategies or environmental impact
categories. The costs of installing and operating SCR are not covered by
the benefit of the fairway fee when the ship moves from class C to class
B, which makes the decision to install and operate an SCR on an old ship
unlikely without additional incentives.

The current study only assesses the impact of retrofitting on existing
ships, but the cost of abatement may be lower for new ships, meaning
that the discounts could potentially be more influential when ship
owners invest in new ships. Additionally, this study only focuses on the
policy instruments in Sweden, while most ships that arrive at Swedish
ports operate in international traffic, suggesting that ship owners may
receive different economic benefits in other countries. If all ports glob-
ally applied discounts this could potentially make a difference. Future
studies should therefore expand their scope to include other policy in-
struments and a wider geographic coverage to evaluate the overall
economic benefits for ship owners and if possible, with more detailed
data sets, including data on individual ships instead of model ships.
These other policy instruments could include discounts or other eco-
nomic incentives in other countries, such as the NOx fund or public
procurements in Norway. Lastly, incentives from the consumer-side
could also be relevant since the transport cost for certain goods could
be minor compared to the overall cost of certain goods. The transport
buyers’ perspective should therefore be further investigated.
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