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valhallavgen, Box 55685, SE-102 15 acknowledged as being unique in attempting to consider the environmental
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and between 1998 and 2017 a NOx discount, both based on certificates. In 2018, the
Swedish government initiated a new system comprising more environmental
impacts requiring operators that want to benefit from it, to register their vessels|for a
score in the Clean Shipping Index (CSI). The CSI covers performance in five
categories: NQ CQ, SQ/PM, Chemicals and Waste. Based on received scores,
vessels can get 10%, 30% or 90% discount. In this paper, the short-term outcome of
the new system is analysed and compared to the old-W&sed system. The
comparison is based on revealed preferences of the involved vessel operators| Vessel
specific data about the discounts and scores are analysed as well as the regional
distribution of discounts and impacts on different vessel types. The paper shows that
the Swedish Maritime Administration has succeeded in creating a system that
attracts more vessel types and encompasses more environmental categories, tut
that the incentives to reduce N@missions have been reduced. Ex-post cost-benefit
analyses of the earlier certificate-based systems have proven them beneficial tp
society. However, it is unclear how the outcome of the new system will be. The
paper suggests that there are efficiency gains in harmonising the system SMA jhas
introduced with the different systems for environmentally differentiated port fees in
Sweden.

Keywords: Cost-benefit analysis, Shipping, Environmental impact, NOx emissions

Introduction

The growing concern of society for reducing air emissions from shipping has resulted
in the implementation of policy instruments targeting the reduction of these emissions
from inter-governmental organisations, as the International Maritime Organization
(IMO) and the European Union (EU), as well as national and local institutions. These
policies have become an issue of significant concern, as the air emissions of sulphur
oxides (SQ), nitrogen oxides (NQ) and particulate matter (PM) represent negative
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externalities that have impacts on human health. At the same time, greenhouse gases
(GHG) contribute to climate change.

The IMO has set a target to reduce GHG emissions fromternational shipping
by at least 50% by 2050, as compared to the 2008 level (IR@L83. Due to EU-
agreements, the GHG-emigsis, that are not part of the European trading system
(EU-ETS), shall be reduced by 55% 2030 compared to 1990 (European Com-
mission 2020. Supporting this goal, Sweden aims to reduce the GHG emissions
caused bydomestic transport(excluding air transport) by 70% between 2010 and
2030 and to reduce GHG emissions from all sectors to net-zero by 2045 (The
Swedish Government2016, which means that the Swedish climate goals are
more ambitious than international tegets. Besides, Sweden has set up non-
guantified environmental goals regardinglean air, natural acidification only, and
zero eutrophication that require a reduction of SQ NOx, and PM emissions
from the shipping industry.

The IMO has set energy efficiency standards to reduce the GHG emissions from
international shipping via improved ship design (EEDI=Energy Efficiency Design
Index) and operations (EEOI=Energy Efficiency Operational Indicator) (IMZD19.
Both the IMO (2018hH and the EU regulation 2015/757 (European Parliament and the
Council 2015 have introduced monitoring systems for GHG emissions, fuel consump-
tion, distance travelled, and transport work performed by ships. The collected data is
planned to be used as a basis for future international agreements about global measures
to reduce the GHG emissions from shipping. According to the EnviSuM project, that
comprises partners from Finland, Norway, Denmark, Germany, Austria, Poland, Russia,
and Sweden, IMCs EEDI alone will not be sufficient as a tool to meet GHG reduction
targets in the Baltic Sea area. Furthermore, INOenergy efficiency standards do not
comply with domestic shipping (EnviSuM2019.

Over time, the IMO has tightened the SQ emission limits; these are, since 2015,
0.1% within the North American Sulphur Emission Control Area (SECA) and North
European SECA, comprising the Baltic Sea, the North Sea and the English Channel,
and since 2020, 0.5% outside the SECAs. The,N@gulations are based on three emis-
sion reduction levels, Tier | to Ill, which become stricter over time and apply to new
ships. Since 2016, Tier lll is mandatory in the North American Nitrogen Emission
Control Area (NECA) and from 2021 onwards, it will be mandatory in the North Euro-
pean NECA. This implies that IMO and EU requirements regarding the g@nd NOXx
emissions in the waters around Sweden are high compared to those in other parts of
the world.

At the port level, all major Swedish ports apply environmentally differentiated port
fees to fulfil local environmental programs and encourage shipping to go beyond legal
requirements (von Bahr et al2018. Christodoulou et al. 2019 suggest that ports fees
account for 47% of all policy instruments and measures related to air emissions from
shipping implemented across the world. A high share of the instruments is applied in
Europe and within Europe; the ports in the Baltic Sea region are particularly pro-active
in environmental initiatives (COGEA,2017. The International Association of Ports
and Harbors (IAPH) has implemented a comprehensive World Ports Sustainability Pro-
gram (WPSP2020. It is now engaged with the IMO to enhance the role of ports as
regards decarbonisation of shipping.
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In addition to the policy instruments and meases at the international and port level,
Sweden applies environmentally differertiéal fairway dues at the national level. The
Swedish system for determining fairway duasthe national level is acknowledged as being
unique in the world by considering the envirmmental performance of vessels (Haglind,
2008 Saharuddin et al.2017. In contrast to the environmentally differentiated port fees,
the national environmentally dferentiated fairway dues are the same for all shipping com-
panies and cannot be negotiated. The faaydues supplement IMO and EU standards re-
garding energy efficiency, SCand NOy emissions and portenvironmental policies.

The Swedish maritime administration

The Swedish Maritime Administration (SMA) is responsible for developing policies
that support government goals. The primary duties of the SMA are maintaining the
fairways, providing pilotage, icebreaking and maritime rescue services and adting
minimise the impact of shipping on the environmefthe SMA is responsible for deter-
mining and collecting fairway dues and pilot fees. The revenue raised from the fairway
dues is the largest source of income for the SMA. As the ports in Sweden and other
countries, the SMA is limited to implementing a type of bonus-malus scheme. For the
ports, this is due to the competition between the ports, for the SMA due to the compe-
tition from the land-based modes. Historically, the Swedish fairway dues consist of two
parts; the cargo/passenger paalculated based on the cargo/passengers loaded or
unloaded and thevessel parbased on the size and characteristics of the vessel. Here,
we address the later that is environmentally differentiated since 1998.

Environmentally differentiated fairway dues
A system based on certificates 1998-2017
In 1996 the SMA, the Swedish Shipowners Association (SSA) and the Swedish Ports
and Stevedores Association (SPSA) reached a tripartite agreement to reduce the air pol-
lution from sea transport. Between 1998 and 2014, .S@iscounts were given based on
certificates issued by the SMA, that confirmed the use of low sulphur fuel. The require-
ments became stricter over time (see Tally

The implementation of IMO's sulphur directive in 2015, with stricter requirements
within the North European SECA, made the differentiation of fairway dues based on
SOy emissions redundant. Comparing the 2014 and 2016 ,S€mission levels, Envi-
SuM (2019 calculated that the sulphur directive led to an 87% reduction of the ;5O
emissions and a 36% reduction of the PM emissions in the Baltic Sea. During the same
period, CO,, NOx, CO, Non-methane volatile organic compounds (NMVOC) emis-
sions increased (see TabR). PM emissions did not reduce as much as g@missions
because PM consist of various chemical species that do not contain sulphur. A further
reduction of PM emissions can be achieved via a reduction of Némissions. Accord-
ing to Brynolf (2014, the shift from heavy fuel oil (HFO) to marine gas oil (MGO) im-
plies an over 90% decrease of the ;z@missions and an about 90% decrease of the PM
emissions if the tank to propeller perspective is applied. The use of selective catalytic
reduction (SCR) does not reduce the NOx emissions in general but reduces the emis-
sions of secondary PM. EnviSuM2Q19 calculated yearly benefits of at lea€t670 mil-
lion related to health and€ 109 million related to the environment while the additional
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Table 1 Limits and discounts for the fairway dues 12917

Limits and discounts for the fairway dues 1997-2017

1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
0
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017

Cargo fee Yes

GT fee Yes

NOX, max discount (€/GT) 0.18 013 022 [ 027 Joao
NOX, upper limit for discount (g/kWh) 12 10 | 6

NOX, lower limit for discount (g/kWh) 2 0.4 0.49

SOx, maximum discount (€/GT) 0.10 0.06 0.08

S0x, deductions below (SOx content) 1% 0.5 %

Refunds for installation of catalysts Yes |

IMO NOX limit new vessels (g/kWh)* | 9.8-17.0* | 7.7-14.4*

IMO SECA SOx limit (SOx content) [ 1se ] 1 9% 0.1%

Notes: * The maximum NOx emission level for vessels constructed in or after 2000 and 2011, respectively. The
specific level (within the interval) is dependent on the engine speed (IMO, 2017b); ** The SECAs were in effect
from May 2006 in the Baltic Sea and November 2007 in the North Sea (IMO, 2017c).

Source: Lindé et al. (2019)

2The maximum NOx emission level for vessels constructed in or after 2000 and 2011, respectively. The specific level
(within the interval) is dependent on the engine speed (IM@017)

PThe SECAs are in effect from May 2006 in the Baltic Sea and November 2007 in the North Sea2(QM#D Source: Lindé
et al. 019

costs are calculated to b€ 124 million for the vessel operators anél 0.260 million for

the maritime authorities. Hence, the benefit was more than six times higher than the
cost. For 2030, and in the presence of a business as usual alternative (BAU), all emis-
sions are assumed to decrease.

Between 1998 and 2017, NOdiscounts were given based on certificates issued by the
SMA confirming the installation of purification techniques. The discount was given based
on the level of NQ emissions (see Tabl&). Between 1998 and 2001, refunds for the in-
stallation of catalysts were given on top of the NOx discounts. Lindé et 2019 found
that the benefit for the society of reducing both SCand NOx emissions has exceeded
the cost. However, for many vessel operators reducing these emissions has not been eco-
nomically profitable. SMAs environmental discounts covered, for instance, about 30% of
the abatement cost to reduce NOx emissions. This figure must be seen in the light of the
fact that most of the vessels that received N@iscounts were Ro-Pax-ferries and RoRo-
ferries with frequent calls in Swedish ports (See section 4.1 for details). For the other ves-
sel categories, a lower share of the costs is covered by the discount.

A system based on the clean shipping index since 2018

In 2016, the Swedish government commissioned the SMA to develop a new model for
the fairway dues and the pilot fees (SMAR015. The goal was twofold: a) to develop a
financial model that ensured a balanced economy, and b) to develop proposals for pol-
icy instruments that target more of shippirig environmental and health impacts than
NOx (SMA, 2015.

Most regulations as of today are related to calls in ports. Sweden has reduced the tax
for the electricity that vessels over 400 GT consume in ports (Skatteverkét9 and
2016, the Baltic Sea ports of Stockholm, Helsinki, Turku and Tallinn agreed on a public/
private funding of electrical connections in ports. About 20 Swedish ports apply environ-
mentally differentiated port fees; two ports give incentives for the use of onshore power
supply and four ports for the use of LNG. The ports of Goteborg and Gavle apply both
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Table 2 Emissions from Baltic Sea vessels (excl. IWW) in tonnes

Year CQ (million) NO, o) co NMVOC PM 2.5
2014 14.4 31,400 7510 2110 256 1500
2016 15.0 32,300 998 2210 267 962
2030 (BAB) 12.7 17,100 845 1820 229 828

%incl. Efficiency gains as described in Kalli et 013, fleet and vessel growth rates as well as already agreed regulations
to reduce NOx emissions that will be applied from 2021 onwards in the NECA
Source: EnviSuM2019

the Clean Shipping Index (CSR019 and the Environmental Shipping Index (E2019,
(see Tabled). There are no policy instruments that give incentives to reduce the environ-
mental impacts from noise, emissions to water, e.g. due to the emissions of wash-water
caused by the use of open-loop (or hybrid) scrubbers, including the handling of chemicals
and waste, erosion and habitat and biodiversity losses. A GHG emission trading system,
comparable to that for air transport, does not exist for sea transport.

The fairway dues system that was implemented on 1st January 2018 increased the im-
portance of thevessel partat the expense of theargo/passenger parf.he importance
of the cargo/passenger partvhich depends to a greater extent on the economic situ-
ation and transport demand, was reduced to ensure more stable revenues for the SMA.
The SMA's revenue related to the vessel part had been relatively stable until the new
fairway system was implemented in 2018; it totall&&57.7 million in 2017 and in-
creased to€ 75.7 million 2018 (SMA,2019. The introduction of a readiness fee for

Table 3 Bases for environmental discounts in Swedish ports 2018

Port CsSlI ESI Low NOx LNG usage Onshore Power
emissions Supply usage

Brofjorden X
Goteborg X X X
Gavle X X

Sundsvall X X
Stockholm X
Ystad

Falkenberg

Hargshamn

Helsingborg

Luled

X X X x x X x

Norrkdping

Petro Port (Stenungsund) X
Pited

Skellefted

Sodertalje

Solvesborg

Uddevalla

Wallhamn

Ahus

Ports in Malaren

X X X x x x X

x

Ports in Vanern X

Source: von Bahr et al2018) and CSIZ020)
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piloting explains a significant part of the increase (i#.18 million) (Carlsson,2019.

The SMA's revenue from thecargo/passenger padecreased as planned; it was reduced
from € 49.8 million (2017) to€ 41.7 million (2018). Furthermore, the new fairway dues
system expresses the vesssige in terms of net tonnage (NT) instead of gross tonnage
(GT). The reduction of the fairway dues in specific ports and for specific vessel types
was reduced or removed. The number of calls the vessel operators have to pay for per
month is higher in the new system (five calls per month compared to two), but the fee
is reduced for the last three calls (75%, 50%, 25%).

The environmental differentiation of the new system is based on the Clean Shipping
Index (CSI,2019 that comprises the five categories: NOx emissions, £€missions,
SO« and PM emissions, handling of chemicals and handling of waste. A maximum of
30 points can be achieved per category for a maximum score of 150. Tdhleveals
the share of the vessel part of the fairway dues that must be paid given the total score.
Based on the total scores, the SMA divides vessels within the system into five classes, A
to E. The design of the system implies that it can be of interest to register a vessel with-
out undertaking any measures, just to get a 10% reduction of the vessel part of the fair-
way dues.

According to SMA 015, the CSl-based fairway dues system is expected to reduce
shippings total environmental impact at an increasing rate. In an ex-ante evaluation,
Transport Analysis 2017 concluded that the environmental differentiation in the CSI-
based fairway dues system does not provide the conditions for achieving more substan-
tial incentives and environmental benefits. Transport Analysig0l7 recommended
implementing the suggested system, but to base the environmental differentiation
mainly, or only, on the reduction of NQ emissions. Besides, the SSA stated that the
CSl-based fairway dues system would have less of an impact on the environment than
the former system (Ekber@019. Possible needs for an adjustment of the system, in
about 2023, is being discussed (Carlsspd19. Furthermore, an agreement similar to
the mentioned tripartite agreement, with the SMA, the SSA and the SPSA, is being de-
liberated. This time including the government initiativé-ossil free Swedér{von Bahr
et al.2018.

Objective of this paper

The objective of this paper is to carry out a comparative analysis of two alternative sys-
tems for environmentally differentiated fairway dues in Sweden and to give input to de-
velop further the system taking into account the revealed preferences of the involved
vessel operators. The analysis comprises a compilation of the number and type of ves-
sels that received environmental discounts, the type and size of discounts and the num-
ber of calls per port and chosen routes. The paper also includes a discussion of the
environmental impact of the old and the new system, the costs carried by different

Table 4 CSl-classes and share of vessel part of fairway dues to be paid

CSl Class E D C B A
CSI score no CSI < 75 -99 100124 125150
Share to be paid 1 1 0.9 0.3 0.1

Source: CSRQ19
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stakeholders, information available and information needed to evaluate the cost and
benefit of the new system fully. It is assumed that the results will be useful for ports
and national organisations that would like to go beyond the existing environmental reg-
ulations of the IMO and the EU.

Section 2 describes the approach that is applied and the data available to compare
the two different fairway dues systems in Sweden. Section 3 summarises the objectives
that have been set up and the impacts of the two systems. Section 4 analyses to what
extent the objectives have been achieved in the different systems. Section 5 discusses
general policy insights in an international context. Section 6 concludes and gives rec-
ommendations for the further development of the environmentally differentiated fair-
way dues and port fees.

Method and data

The comparative analysis of the two environmentally differentiated fairway dues sys-
tems is based on revealed preferences of the vessel operators. The SMA has provided
vessel-specific data about the discounts and fairway dues paid per year during—1998
2019. The CSI organisation has provided information about the scores per CSI-
category in 2018 and 2019. Unfortunately, it has not been possible to get the main
abatement measures undertaken (if any). Information on the number of calls per port
and routes chosen is based on transport statistics and data from the Automatic Infor-
mation System (AIS). Information about the administrative cost for the SMA and the
vessels operators is taken from the SNSAImpact analysis of the new fairway dues sys-
tem (Ljungstrom2016. Information about vessel operatorabatement costs and envir-
onmental impacts in physical terms is taken from Kagesat®99 and Swahn 2002.
Monetary valuations of non-priced effects are taken from the Swedish valuation guide-
lines (Swedish Transport Administratior2016 and the European Handbook on Exter-
nal Costs (Ricard®014.

Objectives and overall impacts of fairway dues systems

A system based on NQ and SQ certificates

In 1996, the SMA, the SSA and the SPSA set a target to decrease the &@ NO
emissions from vessels that call at Swedish ports by 75% within 5 years (2M);
however, this objective was not reached. The g@missions from vessels with certifi-
cates were estimated to have been reduced by about 50,000 t per year (Z008); this
figure can be compared to 1722 t SCemissions from domestic sea transports and 39,
297 t SQ( emissions from international sea transports on Swedish territory in 2014, the
last year of SMAs SQ¢-certificates (SCR020.

According to the Swedish valuation guidelines (Swedish Transport Administration
2016, the benefit for society from the reduced amounts of g@missions is calculated
to be about€ 0.145 million per year. With the European unit values (Ricarg614) for
the Baltic Sea (North Sea), the benefit would B.236 million € 0.342 million). With
an assumed unit cost o€ 0.4-1.08 per kg for reducing SQ emissions (Kagesofh999
Swahn 2002, the costs for reducing the SQemissions by 50,000 t would be in the
range of€ 20 to 54 million. Since the estimated reductions of SGmissions appear
somewhat uncertain, the absolute net benefit cannot be evaluated. However, the broad
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ratio of benefits to costs indicates that benefits for society by far exceed the costs; de-
pending on which valuations and estimations of costs are used, the benefits to society
of reducing the SQ emissions from ships would be about-37 times larger than the
costs (Lindé et al2019.

Lindé et al. Q019 estimated that the reduced NQ emissions from certified ves-
sels have been in the range 11,000 to 17,000t per year in the Baltic Sea, Skagerrak,
and Kattegat during the period 2063016. This figure can be compared to 9375t
NO, emissions from domestic sea transports and 114,642t N@&missions from
international sea transports in 2016 (SCB020. Based on Kageson1999, SMA
(2009, and Transport Analysis 2017, the costs associated with reducing NO
emissions by installing SCR vary betwedh0.25 and 0.67 per kg NQ In 2014,
when the reduced emissions from vessels with N®@eduction certificates were es-
timated to be 12,200t (SMA 2016), a cost & 0.67 per kg NQ; would translate
into a total cost of € 8.2 million. The SMAs discount given to vessels with NOx
reduction certificates amounted to aroun& 5.8 million in 2014 (SMA2015. With
a valuation of € 4.23 per kg, according to Swedish Transport Administration
(2016 the benefit to society of reducing NQ emissions by 12,200t would b€
51.6 million. Using a valuation of 5.36 per kg NG in the Baltic and the North
Sea, according to (Ricard@014) the corresponding figure i€ 65.3 million. Hence,
the benefits for society of reducing NQ emissions are calculated to be over six
times higher than the costs. Carlssor2@19 assumes that the NQ discounts and
refunds during the period 19982017 have compensated the vessel operators that
have invested in purification techigjues. In contrast, Lindé et al.2019 find, based
on cost figures in the literature, that theosts are not covered even for ferries with
relatively high environmental discounts.

Regarding the synergies with environmentally differentiated port fees, SN2Q1§
stated that about ten out of 50 Swedish ports apply NOx-differentiated schemes, a
number that by 2018 had increased to 20 (see TaB)eThis indicates that the environ-
mental differentiation of the fairway dues and port fees were at least partly harmonised.
However, the ports that base their fees on the NOx-certificates issued by the SMA wiill
not be able to use the system for long as the SMA stopped issuingyN@rtificates
(that apply for a maximum of 5 years) by 31st December 2017.

A system based on clean shipping index
In 2015, the SMA, the Swedish Transport Agency and the Swedish Environmental Insti-
tute (IVL) performed a qualitative analysis in order to determine which components are
the most important to be addressed in the SM&\environmentally differentiated fairway
dues system (SMA2015. Based on the assessment of the environmental impact of{NO
SO, PM, methane, NMVOC, noise, as well as dangerous substances onboard, greywater
and blackwater and the administrative cost of the SMA, the organisations agreed to focus
on NOy, CO, and PM emissions as these have both significant environmental impacts
and imply low administrative cost for the SMA (see Fifj.

SMA (2015 indicates that it is profitable, both from the vessel operators and the
whole societs perspective, to reduce the emissions of NOCO, and PM especially
from vessels that often call Swedish ports.
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Fig. 3 Calls by ropax and passenger ferries 2016 by area of operation. Size of circles in proportion tp
number of calls (outer circle =total calls, inner circle = calls with discount). Source: SMA and AlS, 2016

Type of CSl-discounts

In 2018, the total number of vessels with a CSl-score in SMA category A (see Téble

for a description of the categories) was 10 (15.4% of the vessels that received discounts),
in category B 18 (27.7%) and category C 37 (56.9%). In 2019, the corresponding figures
was 19 in category A (20.2%), 32 in category B (34.0%) and 43 in category C (45.7%).
The share of vessels in category A and B increased in 2019. Tébéveals large differ-
ences between the five CSl-categories. In both 2018 and 2019, more than 60% of the
vessels receiving discounts, had a score of at least 26 in‘@®@,’ category. The share

of vessels with a high score in the categdWaste increased from 87% in 2018 to 91%

in 2019. A high share of the black and grey water pollution is caused by passenger-,

Table 7 Total number of calls and calls with certificate by ropax and passenger ferries 2016 by
area of operation

To/From Total number of calls Calls with certificate 2016 Share (%)
The Baltic states 2007 204 10.2
Bornholm 1445 189 13.1
Helsingar (Denmark) 28,286 25,054 88.6
Norway 1986 0 0.0
Poland 3933 0 0.0
Germany 5572 330 59

The swedish island Gotland 3402 2934 86.2
Finland and the island Aland 5904 2817 47.7

Denmark (besides Helsingar) 2154 671 31.2
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Table 8 Share of vessels with scores in different levels (%) for each CSI category, end of 2018 and 2019

CO2 SOx_PM NOXx Chemicals Waste
Score 2018 2019 2018 2019 2018 2019 2018 2019 2018 2019
0 0.0 0.0 6.3 6.4 4.8 4.3 0.0 0.0 0.0 0.0
1-5 7.9 8.5 6.3 7.4 7.9 7.4 0.0 0.0 0.0 0.0
6-10 1.6 3.2 20.6 12.8 15.9 20.2 111 6.4 0.0 0.0
11-15 3.2 3.2 23.8 245 6.3 5.3 52.4 46.8 0.0 0.0
16-20 4.8 3.2 15.9 19.1 14.3 9.6 28.6 33.0 1.6 0.0
21-25 20.6 18.1 15.9 11.7 12.7 16.0 7.9 6.4 11.1 8.5
26-30 61.9 63.8 111 18.1 38.1 37.2 0.0 7.4 87.3 91.5
All 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

Source: CSRQ19

RoPax- and cruise vessels in the Baltic Sea (Havsmiljoinstit@@&t4 Mellin and Creut-
zer2014.

The numbers in Table8 indicate that the room for improvements for the vessels cur-
rently in the system is limited in the categorie’ €O, and ‘Wastée. There is, however,
room for improvement in the categorie&€Chemicals ‘SOx and PM and NOx. Many of
the vessels that entered the CSI system in 2018 scored high in the NOx category (a
score between 26 and 30), held a NOx-certificate in the former system (18 out of 24
vessels). On the other hand, some of the vessels that entered the CSI system in 2018
and held a NOx certificate got a low total score (see F4. It is also evident that ves-
sels can receive a high total score despite high NOx emissions; in 2018, 3 vessels and,

in 2019, 4 vessels, received environmental discounts without a score in ‘N@x’
category.

160

140

120

100

80

CSl total score

60

40

20

® New compared to 2016 Held a NOx certificate 2016

Fig. 4 Total CSI score 2018; red bar indicate that the vessel held a NOx certificate in 2016. Source:
CS12019
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Measures to receive higher scores
Vessel operators need to perform specific abatement measures to receive CSl-scores in
the five environmental categories:

1) NOx emissions: scores are based on I@mission levels Tier | (NQ limit
17.0 g/kWh), Tier 1l (14.4 g/kWh) and &r Il (3.4 g/kwh). Two (extra) levels
between Tier Il and Tier Il areincluded to reward different NQ reduction
techniques.

2) CO, emissions: scores are based on the ve'sseésgy efficiency compared to
reference vessels of the same type and size calculated mainly using data published
by the IMO. The efficiency is calculated in terms of G@missions per tonne,

TEU or passengers per nautical mile according to IME@EOI. The EEOI is not
easy to apply as it is linked to operations that can change over time.

3) SOQ and PM emissions: Scores are based on the sulphur content in the fuel, or
whether the exhaust gases are treated. The fact that 184€ulphur directive in
2015 reduced S@emissions by 87% and PM emissions from Baltic vessels by 36%,
raises the question if it is appropriate to apply the same weight to the category
SO« and PM emissions as for the NOand CO, emissions. This type of
adjustments is discussed within the SMA (Carlss2019.

4) Handling of chemicals: Scores are given to vessels that exceed legal compliance.
However, there are indications that many illegal emissions of chemicals cause
environmental impacts in the Baltic Sea which implies that there is no complete
and detailed description of the emission of chemicals in the Baltic Sea
(Havsmiljdinstitutet,2014. The type and quality of the collection facilities in the
ports and the willingness of municipalities to co-operate matter.

5) Handling of waste: Scores are given to vessels that exceed legal compliance. In this
category, the access to and quality of the collection facilities in the ports is of
importance.

Holmgren (2020 compiled vessel operator@batement options and costs, (for ex-
ample fuel switches, electrification, optireéd propellers, slender hull, wind power,
advanced route planning, slow steaming), for different vessel types and time frames
related to the reduction of shipping emissions to air and calculated how much
the abatement options reduce the different emissions to air. Among the measures
that specifically aim at reducing the N@ emissions, SCR is calculated to have the
lowest cost, followed by the switch to L®. In future scenarios with higher fuel
costs for the conventional fuels (e.g. due to the inclusion of the shipping sector in
the EU ETS) switches to renewable fuels and electrification are calculated to have
lower costs. Many energy efficiency measures are calculated to have negative abate-
ment costs for many of the vessel types and timeframes.

Regarding SMAs impact analysis, Ljungstrom2016 assumed that the implemen-
tation of the CSl-based system would ndead to any additional administrative
costs, neither for the vessel operators, apart from the registration€d500 that has
to be paid for a yeds licence, nor for the SMA. Furthermore, it was assumed that
the new fairway dues system would be easier to understand and more transparent
than the former system.
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Shift to land-based modes

The CSl-based system and the higher fairway dues since 1st January 2018 have not led
to a shift from sea to road in 2018 (Transport Analys020), as feared by Transport
Analysis @017. EnviSuM @019 found, based on statistical analysis for the period
20072017, that the cost increase caused by the sulphur directive, in 2015, did not re-
sult in a shift from sea to land transport for the total transport flows and the export
flows; for imports such a modal shift could be seen.

Organisational aspects

CLEANSHIP @013 studied 50 initiatives that assess vess@svironmental perform-
ance in ports in the Baltic region and concludes that high environmental ambitions are
matched by the CSI and the Blue Angel label. CLEANSHIEO{3 also stated that the
inclusion of more parameters in an index would likely increase the administrative cost
but still recommended to include noise as an environmental category. So far, the results
show that vessel operators find the new system harder to use than the old one. There is
a trade-off between complexity and administrative cost.

The Swedish government also commissioned the SMA to analyse the possibilities to
harmonise the SMAs environmentally differentiated fairway dues with the Swedish
ports’ environmentally differentiated port fees and other instruments (e.g. reduced na-
tional tax for electricity consumed in ports). There are potential synergies when both
SMA’s fairway dues and the portéees are based on the same environmental differenti-
ation, see, e.g. von Bahr et a018. However, the CSI is, as mentioned above, so far
only used in five Swedish ports. In theory, it would be advantageous for vessel opera-
tors to be able to use the same system in ports all over the world or at least in Europe.

One question that arises is how the responsibility for environmental policy instru-
ments should be distributed between the SMA and the ports. In other words, if it is
more effective that ports and the SMA give discounts for the same environmental cat-
egories or if it is more effective that the SMA focuses on impacts at sea and the ports
on the impacts at berth.

General policy insights

Sweden and other North European countries have set up ambitious environmental
goals that exceed the targets of the IMO and the EU. Therefore, the fulfilment of these
goals requires policy instruments and measures that go beyond ¢kistingglobal and
European regulations. The inclusion of the shipping sector in the European Emissions
Trading System for GHG emissions, a similar global system or global fuels taxes would,
of course, change the situation.

The implementation of the North European SECA in 2015 was profitable for society
and it led to a considerable reduction of S@emissions in the Baltic Sea, the North
Sea, and the English Channel. This is also true for the SManvironmentally differen-
tiated fairway dues that were based on g@ertificates and contributed to a reduction
of SOx-emissions from vessels calling Swedish ports between 1998 and 2014.

The forthcoming implementation of the North European NECA in 2021 is expected
to contribute to a reduction of NG emissions, and move the shipping industry closer
to achieving the Swedish environmental goals. The SMIAenvironmentally
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differentiated fairway dues that were based on NQ@ertificates, and contributed to the
reduction of NOy emissions between 1998 and 2017, has been shown to be profitable
for society but not for the vessel operators.

The NOx component of the CSl-based environmentally differentiated fairway dues
system that has been in place since 2018 is an extra effort besides'sM@r require-
ments and the ports fees to reduce NOx emissions. It provides motivation for shipping
companies to hasten their investment plans in vessels that satisfy the Tier Il require-
ments in the North European NECA, requirements that must be met as of 2021. This
is true even though the incentive to invest in purification techniques were most likely
higher in the old NOx certificate-based system.

The objective to attract more vessel types and a higher number of vessels was
achieved with the CSl-based system. However, over the 2 years studied, it is hard to
identify the environmental impacts of the CSI system. A system drawback is the lack of
a systematic collection and description of the abatement measures taken to receive
higher scores. This makes quantitative evaluations difficult, if not impossible, and this
is especially true as the vessel operators can undertake incremental improvements (not
necessarily permanent) to achieve higher CSl-scores.

In Sweden, both the ports and the SMA are acting to minimise the impact of ship-
ping on the environment. However, the ports are limited to implementing revenue-
neutral schemes, because of the pressures exerted by port competition (Wilmsmeier,
2012, and the SMA by the competition from road and rail transports.

Stronger incentives for change could be achieved by extending the use of environ-
mental discounts to the whole Baltic Sea region. The Swedish Confederation of Trans-
port Enterprises (Transportforetagen2013 suggests introducing environmentally
differentiated port fees and incentives for all Baltic Sea ports in order to a) speed up
the development and use of alternative marine fuels, b) make it possible for vessels to
be connected to electrical outlets while lying in ports; and ¢) make it possible for ports
to take grey and black water from the vessels. The question to be raised is if a fairway
dues system, like in Sweden, should be introduced, and coordinated in a system that
encompasses the whole Baltic Sea. In case of an affirmative answer, how should this co-
ordination be carried out, both between agencies and ports in different countries?

Conclusions
In 2018, the SMA introduced a new system for levying fairway dues from vessels calling
Swedish ports. The change was initiated by the Swedish government. The objective was
to ensure a balanced economy for the SMA, that is mainly funded via user dues, but
also to introduce a new way to give incentives for cleaner shipping. The earlier systems
targeted air pollution caused by SQand NOx emissions by giving discounts to vessels
with emission levels below certain thresholds. In creating the new system, there was a
demand for targeting more environmental categories like g@missions, handling of
chemicals and handling of waste. In working with the fairway dues system, the SMA
has to consider the conflicting requirements of providing enough funding and working
towards fulfilling environmental goals.

The environmentally differentiated fairway dues system is a national policy instru-
ment that complements the international regulations of the IMO and EU, national tax
regulations as well as local policy instruments in the ports. The system can be used to
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speed up the implementation of new technologies, induce fuel switches, use of more ef-
ficient operation and otheractions that go further than existing regulations

There is a demand for ahort-term evaluatiorof the new environmentally differentiated
fairway dues system. This paper provides some early results after two years and an over-
view of the information that is available today. Furthermore, the paper draws conclusions
from the experiences gained from the fairway dues system that was implemented in 1998.
The earlier system was based on NOx and SOx certificates issues by the SMA. One aim
has been to map out the data available and what is missing for a complete cost-benefit
analysis (CBA). The results can also be used to identify ways to improve the new system.
For example, the paper has shown that when outsourcing the administration, the SMA
must require the information necessary to evaluate the system.

One of the objectives of the CSl-based fairway dues was to inclomee environmen-
tal categoriegthan SO and NOy emissions. This objective was reached. Additional cat-
egories with the CSl-based fairway dues system are,@missions, the handling of
chemicals and the handling of waste. Furthermore, PM emissions are included as part
of the SQ¢-category.

One of SMAs objectives was for the new system to attract more vessels. A target was
set at 100 vessels, and this was almost achieved in 2019. The earlier system only
attracted around 30 vessels, mainly ferries. The share of cargo vessels that received dis-
count increased from 29% (2017) to 67% (2019). The number of vessels receiving dis-
counts is, however, no indicator for the environmental impact of the new system. It is
also evident that it takes time to introduce a new fairway dues system. It takes time for
shipping companies to evaluate the new system and take measures to receive a
discount.

One crucial question is if the environmental discounts that the vessel operators can
receive are large enough to give incentives to undertake measures that go beyond the
existing regulations. As of now, based on the information available, this is hard to say.
However, the SMA discounts for reducing NOx emissions were about 8 times higher in
the old certificate-based system. Also, we find that many of the vessels that held a NOx
certificate scored low in the CSl-based system, which implies that many vessels got
high scores in other categories than NOx. The CSl-based system is more ambitious in
encompassing more environmental categories (and vessels), but the drawback is that
the incentive per category (and vessel) is reduced as it is difficult for the SMA to raise
the budget for discounts.

A related issue is the limited room for improvement in some of the new categories.
More than 60% of the vessels receiving a discount in the catedg6@-.’, had a score of
at least 26 out of 30 possible. For the categdWyaste, the share was around 90%.
However, since the SMA gives discounts in three discrete steps (90, 70 and 10% dis-
count) depending on total score, operators of vessels with a score close to a cut-off
point will have a higher incentive to take measures to improve. In this case, an incre-
mental improvement in the categorie®’CO,’ and ‘Wasté can give a substantial increase
in discounts received. This can lead to actions from the shipping operators that are
sub-optimal in reducing the environmental impacts.

Ideally, CBA should be applied to study the societal benefits in terms of reduced en-
vironmental impacts and the costs taken by vessel operators, ports, and maritime agen-
cies. This should be done before and after the implementation of a new fairway dues
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schemes or any other policy instruments. The results of the ex-post CBA of the sulphur
directive in the Baltic Sea region indicate that the benefits for society were more than
six times higher than the costs. The benefit/cost ratio for the environmentally differen-
tiated fairways dues based on §@nd NOy certificates, has been calculated to be in
the same range.

The three CBAs above are restricted to emissions of £MOx, SO, and PM to
air; where information about the fuel consnption, emission factors, unit values
and national or European guidelines can be applied. To fully evaluate the new sys-
tem, there is a need to address the limited knowledge when it comes to other ex-
ternal effects of shipping, e.g. the handling of chemicals and waste. Regarding the
valuation of emissions to water, Mellin and CreutzeR@14 find that most studies
focus on large oil spills, caused by tank vessels. We see a need for method devel-
opment and data collection for other external impacts from shipping than emis-
sions to air. In evaluating lower PM emissions, when other vessels than ferries are
targeted, the use of AIS tracking will be vital since it is essential to track where
the emissions occur.

Another shortcoming is that the CSl-system, as of today, does not provide sufficiently
good information on actions taken to improve the environmental score of a vessel. A
mapping of the actions taken is crucial for determining the cost side of a CBA. It is also
vital for the study to assess how strong the incentives are.

Parts of the added categories in the CSI, e.g. vesselssumption of fuel or electricity
while lying in berth and the handling of waste and chemicals, are related to actions
taken in ports. Typically, to improve on this, both vessel operators and ports and/or
municipalities need to undertake abatement measures. Therefore, we find that the
system could be made more efficient if the different systems for environmentally
differentiated port fees could be harmonised across ports and synchronised with the
system SMA has introduced.
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