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Abstract

There is a long history of debate on which Market-based Mechanism (MBM) should international
shipping adopt to reduce carbon dioxide (CO,) emissions. However, literature presents differing
preferences for a suitable MBM for international shipping. There are those who support a carbon tax,
those who support an ETS, and those who remain on the fence. Hence, this study aims to find out:
which MBM is suitable to reduce CO; emissions for international shipping?

The paper begins with an overview of the current state of the MBM around the world. Thereafter, we
build a conceptual model based on a systems perspective to understand the relationship between CO;
reduction, Research & Development (R&D), adoption of existing technology and financial resources.
For the purpose of comparative analysis, definitions of the two MBMs, bunker levy and ETS, and their
possible sub-types are presented. To determine which MBM is more suitable, we follow a multi-
criteria decision making approach where the criteria are derived from our systems perspective
conceptual model and from literature. To reduce ambiguity, criteria with multiple meanings are
further divided into unequivocal criteria and operationalised with a specific mechanism.

We find that a bunker levy, regardless of its levy collection approach, is more suitable since it is more
effective in encouraging the adoption of technology with high Technology Readiness (TRL), in R&D
investment into low TRL technologies (both of which are favourable with greater carbon price stability)
and in generating funds. Furthermore, an ETS is harder to operationalise as the large number of ships
trading internationally could require a significant number of man-hours to set up, operate and review
the system, and high variability in each ship’s fuel consumption makes it difficult to allocate credits to
ships accurately. An ETS with full auctioning of credits would render ETS comparable with bunker levy
in the amount of funds generated and recognition of prior fuel-saving investments. In view of the need
for the sector to conduct R&D, we propose that bunker levy is more suitable than ETS for international

shipping.

This paper makes three important contributions to literature:

1. Conceptually, we adopt a systems perspective, which allows us to draw insights from
economics, technology and innovation management literature.
2. Methodologically, we use a multi-criteria decision-making approach where we
a. Operationalise the MBM:s, i.e. bunker levy into 3 sub-types, and ETS into 2 sub-types
b. Identify the 8 criteria which are then further converted to 10 to ensure clear and
unambiguous interpretation of the criteria
3. Our underlying view is that the MBM needs to fit the context in which it will be deployed.
Given the right context, both types of MBMs could be good. In the current context of
international shipping, bunker levy seems to be more suitable.



Working Paper 17 Jan 2019

1. Introduction

There is a long history of debates on which Market-based Mechanism (MBM) should international
shipping adopt to address the issue of carbon dioxide (CO,) emissions. Under free market conditions,
economic agents fail to factor in external environmental costs when engaging in polluting activities as
these external costs are not fully borne by them (Jaffe, Newell, & Stavins, 2005). MBMs correct this
market failure by placing a price on polluting activities, thereby providing incentives for organizations
to adopt green technologies or change operational behavior.

There are different types of MBMs but the two basic forms are the carbon tax! and the Emissions
Trading System (ETS) (Fischer & Newell, 2008; Goulder & Schein, 2013; Jaffe et al., 2005). Various types
of these two forms have been proposed at International Maritime Organisation (IMO). The proposed
International Greenhouse Gas (GHG) Fund (MEPC 60/4/8), Leveraged Incentive Scheme (MEPC
60/4/37) and Port State Levy (MEPC 60/4/40) are similar to a carbon tax while the Global Emission
Trading System (MEPC 60/4/22, MEPC 60/4/26, MEPC 60/4/41, MEPC 60/4/54) is similar to an ETS.

Broadly, there are three viewpoints in literature on a suitable MBM for international shipping — one
supports a carbon tax, another supports an ETS and the last expresses a neutral stand. In support of a
carbon tax, authors from the International Monetary Fund (IMF) reasoned that a minimum global tax
approach on maritime fuels is preferred over an ETS approach (Keen, Parry, & Strand, 2013; Keen,
Perry, & Strand, 2012). Familiarity of operators with tax remittance and the fewer number of control
points for tax collection are major advantages of a fuel tax. Similarly, the High-level Advisory Group
on Climate Change Financing (AGF)? and International Transport Forum have indicated that a fuel-
based levy is preferred over ETS due to greater administrative ease when involving fewer taxable
bunker suppliers as opposed to ships in the case of an ETS, and simpler compliance requirements for
operators (AGF; Merk, 2015). The International Chamber of Shipping (ICS) prefers a global fuel levy as
opposed to joining the sector with a regional ETS, if an MBM is required for international shipping.
The global fuel levy is least likely to cause serious market distortion and not as complicated to apply
(1CS, 2018). Shi (2016) utilises a narrowing down approach by first logically grouping nine criteria into
five. MBMs are systematically eliminated if they do not fulfil the criteria. The paper concluded that
the GHG Fund with an add-on rebate mechanism is the optimal MBM.

In support of an ETS, Miola, Marra, and Ciuffo (2011) concluded that a global ETS for only international
shipping is preferable to a hybrid policy (combining a cap on total CO2 emissions and a tax on its
emissions) or a global sectoral crediting system. A global emissions tax was not included in the
comparison assessment on the basis that it is politically difficult to implement. Kageson and Faber
(2010) recommend implementing an ETS instead of an emissions tax due to its higher certainty of
reducing emissions.

A neutral stand was expressed in Psaraftis (2012) wherein nine criteria formulated by the IMO to
assess MBMs (IMO, 2010) was modified and used to perform a side-by-side comparison of MBMs. The
paper shows relative advantages and disadvantages of each MBM for all criteria but does not conclude
with a suitable MBM. Similarly, Lema and Papaioanou (2013) discuss the need for MBMs, various

1 Although carbon tax is not strictly “market-based” from an economics perspective, we consider it as an MBM
as it plays a similar role.

2 AGF was established to study potential sources of revenue that will enable achievement of the level of
climate change financing that was promised during the United Nations Climate Change Conference in
Copenhagen in December 2009. Source: https://unngls.org/index.php/consultations/climate-finance/405-4156
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MBMs proposed for the sector and existing criteria used to evaluate MBMs but does not conclude
with a suitable MBM.

Outside international shipping, the two mechanisms have been deployed in many parts of the world
at national and sub-national levels. According to the 2018 World Bank Report Bank and Ecofys (2018),
carbon pricing schemes that are implemented, or scheduled to be, would be applicable to 11 gigatons
of CO; equivalent (CO.e) by 2020, about 20% of annual global greenhouse gas emissions. The carbon
price varies greatly, from USS$ 139 tCO,e in Sweden, to less than USS 1 tCO,e in Poland, Mexico and
Ukraine. Successes in these countries have been cited as a reason for implementing a similar scheme
in international shipping (Miola et al., 2011; Wang, Fu, & Luo, 2015). Is it possible that such success
can be replicated in international shipping? Do the same conditions that enable such success
elsewhere exist in international shipping? Against this backdrop, the paper aims to answer the
question: which MBM is suitable for international shipping?
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2. Asystems perspective of MBM and Technical and Operational
measures to reduce CO; emissions

Itis important to recognise that reducing CO, emissions in international shipping requires the adoption
of a holistic systems approach. According to the systems perspective, it is important to place explicit
emphasis on the relationships and interactions between the system’s elements and constituents
(Senge, 1991), rather than focusing on factors and their relationships in isolation3.

Following this perspective, we construct a conceptual framework (see Figure 1) to understand the
relationship between technology development and deployment, operational and behaviour changes,
resources, goals and legislation, and the eventual outcome of CO; reduction.

Financial
Resources

Time . Time

Adoption of
. ':ISADB C—> Techa B (highTRy ——>  CO,
ec

Behavior/Operational reduction
(low TRL) - Change of X, Y, ... -

Legislation
[target

Figure 1: A systems perspectives to Market-Based, technical and operational measures

As shown in Figure 1, it is worthwhile to remind ourselves that actual CO, emissions reduction can
only take place via behaviour change (e.g. traveling less) or the adoption of green technology (e.g.
travel on green vehicles). However, such new green technology needs to be developed through
conscious R&D effort. The process of developing technology with low Technology Readiness (TRL) into
technology with high TRL takes time and requires resources. Likewise, the adoption of high TRL
technologies takes time before any substantial CO2 reduction may occur. These relationships are
shown in the middle path: R&D Tech A, B ... (low TRL) <-> Adoption of Tech A, B (high TRL) and
Behaviour/Operational change ... <-> CO, reduction (Mankins, 1995).

In Figure 1, the top white arrows illustrate the role of financial resources in reducing CO,. Financial
resources are needed to fund R&D (low TRL) and advance these low TRL technologies to high TRL
technologies. Financial resources can also alter the cost attractiveness of technologies (high TRL)
thereby incentivising the adoption of technologies by shipping companies. On its own, financial
resources do not reduce CO, emission. Rather, they influence R&D, adoption, or technology or
behaviour change, which in turn lead to CO; reduction.

The bottom black arrows indicate how legislation or a target might be imposed on the adoption of
technical measures (e.g. EEDI), and CO; reduction (e.g. a target for CO, reduction). Legislation, in the

3 In layman’s terms, it is what Thomas Edison referred to when he said “all parts of the system must be
constructed with reference to all other parts” (Hughes, 2004, p. 73) when building a system of electric lighting.
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form of a target or specific measures imposed directly on CO; reduction, will create pressure for
stakeholders to adopt green technologies, change behaviour and conduct R&D (if existing green
technologies are not sufficient to meet the CO; reduction aspiration). This effect is represented by the
black arrows that point from CO; reduction to adoption of high TRL technology, to the need to do R&D
on new technology (of low TRL).

It is also worthwhile to point out that the R&D and subsequent adoption of green technologies will
take time and substantial financial resources from the public and private sources. Research has shown
that basic R&D requires public funding due to market failure, and private funding is only interested in
the development and adoption of technologies with high TRLs (Guellec & Van Pottelsberghe de la
Potterie, 2004; Salter & Martin, 2001; Toole, 2012).
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3.  Current status of international shipping

3.1. Stakeholders in international shipping

To decide whether a bunker levy* or ETS is suitable, it is important to first understand the context of
international shipping. We consider the number of ships and bunkering ports, as they are key
stakeholders involved in an MBM. As of April 2018, the sector has around 58,000 ships registered in
136 Flag States, 83 of which have 10 or more registered ships®. A ship is usually in service for an
average of 20 years (UNCTAD, 2018). There are around 1500 bunkering ports worldwide® as of October
2018, but approximately 60% of bunker is sold in six ports. The top five bunkering ports are Singapore,
Fujairah, Rotterdam, Hong Kong and Antwerp (OPEC, 2015).

3.2. Resources needed to meet IMQO’s emission reduction targets

Studies such as UMAS (Smith et al., 2016) and OECD-ITF (ITF-OECD, 2018) have shown that to meet
the IMQ’s 2050 goal, the adoption of new sources of green technology (e.g. Hx) will be required.
However, it is unclear if and when such new technology can be deployed sufficiently to meet the IMO’s
2050 goal. To get a sense of how long it might take, one may look at the most recent significant
technological change, i.e. from steam engine to the diesel engine. According to Smil (2010), it took
maritime transportation nearly sixty years to move from steam to diesel as the main source of energy.
The first diesel ship patent was published in 1892, and achieved a reasonable 41% engine efficiency in
1911. Yet the first commercial route with diesel engine only started in 1920. Right before the Second
World War, only a quarter of existing fleet had the technology. Figure 2 below summarises the
historical evolution of the use of diesel engines in the maritime sector.

Post-WW?2 all new
ships use diesel - 100%
25% of world fleet
equipped with
diesel engine
First commercial route
using diesel engine L 75%
41% efficiency for
diesel engine
First diese| TS
engine boat r 50%

25% efficiency for]
diesel engine

L 5co
First patent for 25%

diesel ship

1903 1939
1911 1920
1892 1897 L on

1890 1895 1900 1905 1910 1915 1920 1925 1930 1935 1940 1945 1950 1955 1960
Year

Commercial adoption rate of world fleet

Figure 2: Evolution of use of diesel engine in the maritime sector. Date of events are adapted from Smil (2010)

4 Bunker levy is similar to a carbon tax. Both place a charge / price on carbon. The term “bunker levy” will be
used hereafter in this paper.

5 Research team’s calculation, based on IHS Seaweb data

6 Research team’s calculation, based on
http://www.bunkerportsnews.com/PortTraders.aspx?ElementName=PortTraders
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In Figure 3, we estimate how such technology can help to meet the IMQO’s 2050 goal. Demand forecast
in trade was estimated through three main shipping markets: container trade, bulk trade and tanker
trade. We assume a demand scenario of RCP 2.6 SSP4, which is likely to meet the 2.0°C scenarios as
agreed in the Paris Agreement’. Worldwide trade is expressed in deadweight ton-nautical mile (DWT-
nm) and obtained from UNCTAD reviews of maritime transport. Container trade was forecasted based
on the expected increase in worldwide GDP (SSP 4 model) and our own estimation of elasticity of
maritime trade with GDP (based on 1983-2016 data). Tanker trade and Bulk trade were forecasted
based on historical correlation with global coal and oil consumption, as reported in BP (2018).

Unfortunately, the rate of technology adoption of new buildings differs from the rate of technology
used in an existing fleet. To simulate such effect, we assume that a ship has a lifespan of 20 years. Two
models of adoption rates are presented: the first model (Figure 3 left graph) corresponds to the
introduction of H, driven ships from 2030, while the second model (Figure 3 right graph) assumes an
earlier introduction of the technology and a steeper adoption curve. The second scenario is idealistic,
but a financial intervention for the development of low TRL technologies would increase the likelihood
of achieving such an adoption rate.

Likely scenario, without intervention With intervention, aiming at reaching the 2050 goal
K

90%

|11

Year

3

Total trade

Total tr
Adoption rate for H2 technology

Adoption rate for H2 technology

Figure 3: Estimation of the effect of H2 development and adoption on energy used in international shipping’s transport
work done

The above uses the development of H, as an example but such trends would apply to low carbon
alternative fuels in general. It is clear that new low-carbon technologies are most likely to have a high
effect in 2050’s emissions only if their adoption starts early, before 2030. To do so, financial
intervention by governments/IMO to develop low TRL technologies needs to start as soon as possible.

7 This scenario has been widely used for emission projections (such as in the 3rd IMO GHG study, Japan’s ISWG
submission ISWG-GHG 1/2/4, UMAS report MEPC 71-INF.35)
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4.  Operationalizing MBMs for international shipping

To make a meaningful comparison between bunker levy and ETS, it is essential that their definitions
and assumptions are made explicit. In this paper, the definition and assumptions are based on existing
common practice and logical designs of existing carbon tax and ETS schemes, as well as relevant
components of MBMs proposed at the IMO. These references are explained in the footnotes. Sections
4.1 and 4.2 operationalise bunker levy and ETS for international shipping respectively and section 4.3
provides a graphical summary. It is worth noting that the use of the revenue collected can be similar
while the two differ in how they operate.

4.1. Bunker levy

During bunker delivery at bunkering ports, bunker suppliers will state the amount of levy to be paid
on the Bunker Delivery Note (BDN), a document currently required by Annex VI of MARPOL. Levy will
be calculated by $X/ton CO; * quantity of bunker delivered (metric ton) * carbon factor of fuel. A
carbon price of SX/ton CO, will be regulated by the IMO and applied to all transactions at a given time.
All IMO ships above 400 GT (because BDN requirement applies to ship size > 400 GT) are required to
pay the levy when purchasing bunker. Suppliers will issue an invoice to companies for bunker payment
according to the BDN.

There are three possible approaches to collect the levy, referred to as BL1, BL2 and BL3 subsequently.
In BL1, suppliers will collect bunker levy from shipping companies. Suppliers will transfer funds to
national port authorities or tax authorities, who will then transfer funds to a newly created IMO Fund
Administrator®. The choice of port or tax authorities may differ among countries. In BL2, suppliers will
collect levy through BDN as well and transfer funds directly to the IMO Fund Administrator®. In BL3,
shipping companies pay levy directly to the IMO Fund Administrator based on the amount stated in
their invoice®®.

At the end of the year, in BL1 and BL2, Port States will verify that bunker suppliers operating in their
ports have applied the levy rate indicated by the IMO and transferred funds matching total bunker
sales to national port/tax authorities (for BL1) and the IMO Fund Administrator (for BL2). Additionally,
in BL1, the IMO Fund Administrator will verify that national tax/port authorities have transferred all
funds collected to the IMO. In BL3, Flag States will verify that their ships have paid levies to the IMO
as indicated on the BDN.

The new IMO Fund Administrator will manage funds and publish a report on funds collected and
distributed. An external auditor will verify that the IMO Fund Administrator collects, distributes and
reports management of funds. This process can draw reference from the International Oil Pollution
Compensation (IOPC) Fund whereby an external auditor is engaged to audit the Fund’s financial
statements. Funds could be used for encouraging R&D or adoption of Technical and Operational (T&O)
measures in the industry, rebating vulnerable countries and/or administrative costs incurred by port
and flag states. Finally, the IMO will review regulations (e.g. adjust carbon price).

4.2. Emissions Trading System

Firstly, an absolute emission cap for international shipping sector is set, equal to a pre-determined
amount of credits, which decreases annually at a rate (to be determined) for subsequent years. Next,
a maritime-only carbon market is set up, where only shipping companies can transact in the market.

8 This workflow is similar to that proposed in Keen et al. (2012) and Keen et al. (2013)

9 This workflow is similar to the proposed International GHG Fund (MEPC 59/4/5)

10 This workflow is also proposed in Keen et al. (2012) and Keen et al. (2013), and can take reference to IMO’s
International Oil Pollution Compensation Fund
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This involves setting up a Registry to support the transaction (between a newly created ETS
Administrator and companies, and among companies) and cancellation of credits. No minimum
and/or maximum price is assumed. A verification system is set up wherein Flag States will authorise a
list of independent third-party verifiers and shipping companies will identify an authorised verifier for
their ships and report to the Flag States®®.

There are two possible approaches to allocate credits to ships at the start of the year, referred to as
ETS1 and ETS2 subsequently. In ETS1, credits are initially allocated to ships for free for 100% of a
computed benchmark. This percentage will decrease at a rate (to be determined) in the subsequent
years as ETS1 progressively transits to auctioning. To compute the benchmark for initial free allocation,
Flag States need to compile emissions data for each of their registered ships and submit to the ETS
Administrator. The benchmark could be based on one of the following:

- A ship’s historical emissions (from previous year(s))

- A pre-determined percentage utilisation of ship engine design efficiency

- Top 10% (for example) of Energy Efficiency Operational Indicator (EEOI) for each ship type and
route * ton mile (from the previous year(s))

In ETS2, shipping companies buy credits through auctions, held regularly throughout the year. The ETS
Administrator needs to decide the frequency of auctions and amount of available credits for each
auction round.

Throughout the year, companies can buy or sell credits with other companies in the market. At the
end of each year, companies generate a report containing ships’ emissions for the past year, emissions
credits cancelled®? (verified by third-party verifier) and unused credits banked for next year (with a
finite life), and submit the report to Flag States. Third-party verifiers generate a report containing
companies’ cancelled credits and submit reports to Flag States. Flag States verify reports from third-
party verifiers and shipping companies, and take necessary actions on non-compliant companies.
Companies that cancelled less than the required amount are penalised a fee for each ton of CO;
without credits cancelled, payable to Flag States who will transfer it to the ETS Administrator. Finally,
Flag States submit a report containing aggregated emissions, cancelled units and any penalty fee
collected to the ETS Administrator.

The new ETS Administrator will manage funds from the auction of credits, the Registry, and publish a
report on the amount of credits sold, and funds collected and distributed. An external auditor will
verify that the ETS Administrator collects, distributes and reports management of funds (can draw
reference from external auditor engaged for IOPC Fund). Similar to bunker levy, funds could be used
for encouraging R&D or adoption of T&O measures in the industry, rebating vulnerable countries
and/or administrative costs incurred by port and flag states. IMO will review regulations (e.g. adjust
carbon price through the adjustment of credit amount).

11 Such a decentralised, bottom up approach is similar to ICAO’s CORSIA.
12 Similar to MEPC 60/4/22, MEPC 60/4/26 and MEPC 60/4/41, it is proposed that ship owners or ship
operators will surrender emission credits.

10
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4.3.  Summary of operationalised MBMs
Figure 4 below summarises the aforementioned operationalised MBMs.

Bunker levy Emission Trading System
Bunker supplier deliver bunker to SEUng Up: . X . . . X
7 X 3 1. Set an absolute emission cap for international shipping sector, equal to X amount of credits, which
ship and issue Bunker Delivery ,
Note stating levy = $X/ton CO, * decreases an'n.ually at a rate (to be determined) o ) )
2
quantity of bunker delivered * 2. 'Set up.a mantnrjne-only carbon market when:e only shipping c.ompanles f:an trans.act in the malrket,
S3ibon Factor ofifucl including a Registry to support the transaction and cancellation of credits; no min and max price
3. Set up a verification system wherein Flag States authorise a list of independent third-party verifiers
3 levy collection approaches and shipping companies will identify an authorized verifier for its ships and report to Flag States®
BL1 BL2 BL3 2 credit allocation approaches  ETS1 ETS2
Suppliers collect Suppliers collect Shipping 4. Initially, allocate credits to ships for free for 100% 4. Shipping companies buy credits through
levy from shipping levy from shipping companies pay of a computed benchmark. % decreases annually in auctions, held regularly throughout the year.
companies, transfer companies and directly to newly transition to auctioning. Benchmark could be Newly created ETS Administrator to decide
to port authorities, transfer to newly created IMO GHG * Historical emissions (of previous year(s)) OR frequency of auctions, amount of available
who transfer to created IMO GHG Fund * Y% utilization of ship engine design efficiency OR credits for each auction round and manage
newly created IMO Fund + Top 10% of EEOI for each ship type and route * auction
GHG Fund ton mile (of previous year(s))
! v
5. Throughout the year, companies can buy or sell credits with other companies in the market.
6. At the end of each year, companies and third-party verifiers submit verified emissions report to Flag
States. Flag States to take necessary actions on non-compliant companies, eg companies that
cancelled insufficient credits are penalised a fee for each ton CO, without credits cancelled, payable to
Flag States who will transfer it to ETS Administrator. Finally, Flag States submit aggregated report to
ETS Administrator.

v A4 l l

Funds could be used for encouraging R&D or adoption of T&O measures in the industry, rebating affected countries and/or administrative costs incurred by port and flag states.

Figure 4: Summary of operationalised MBM for international shipping
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5. Evaluation of MBMs

Various studies have proposed different factors that need to be considered when evaluating MBM:s.
The IMO Expert Group Study (IMO, 2010) proposed nine criteria; Psaraftis (2012) proposed 11 criteria
which are largely based on IMQ'’s criteria; Goulder and Schein (2013) from the National Bureau of
Economic Research used 13 evaluation criteria. In the latter, eight®® out of the 13 criteria analysed are
similar to the IMO’s criteria.

Based on our systems perspective conceptual model, we identify four important criteria, each linked
to the four important elements: Certainty of emissions reduction (for CO, reduction), Effectiveness in
encouraging adoption of high TRL technologies (for adoption of high TRL technologies), Effectiveness
in investing in R&D of low TRL technologies (for R&D in low TRL technologies), Effectiveness in
generating funds (for financial resources). These criteria are highlighted in blue in Figure 5, placed
below their corresponding elements in white boxes. In addition, we consolidate important and
common criteria from literature (Goulder & Schein, 2013; IMO, 2010; Psaraftis, 2012) into four other
criteria: Cost effectiveness, Ease of implementation, Avoidance of evasion and carbon leakage and
Recognition of early actions. These four criteria are highlighted in orange in Figure 5.

Financial Resources |

Effectivenessin [
generatingfunds {L

Adoptionof Tech A, B, (high
I R&DTechA B... (low TRL) ‘ Zﬁiiiih;v;)zOpemnonaI :>| CO, Reduction

Certainty of
Effectivenessin investingin Effectiveness in encouraging Y

R&D of low TRL tech emission reduction

adoption of high TRL tech
Legislation ’
/ target
* Cost effectiveness
* Ease of implementation
. * Avoidance of evasion and
Literature carbon leakage

* Recognition of early
actions

Figure 5: Criteria identified from our proposed systems framework and consolidated from literature

These criteria are then used to compare the operationalised sub-types of bunker levy and ETS. The
methodology of comparing is to first assess whether sub-types under bunker levy and ETS differ in
performance for each criterion. If sub-types differ, the most favourable variant under bunker levy will
be compared with the more favourable variant under ETS to determine the most suitable MBM.

To avoid ambiguity and possible misinterpretation of the criteria, these criteria were converted into
10 single-dimensional and measurable metrics, as listed in the right column of Table 1. Two of the
criteria, Criterion 4 and 7, are further delineated into two metrics. Criterion 4 (Effectiveness in
generating funds) is measured in two ways: Amount of funds generated and Certainty of funds

13 The eight are: Achieve Greater Political Support, Achieve Benefits from Broad Sectoral Coverage, Achieve
Linkages across Jurisdictions, Avoid Leakage from "Nested" Regulation, Address Uncertainty, Avoid Price
Volatility, Minimise Administrative Costs, International Competitiveness.
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generated. Criterion 7 (Avoidance of evasion and carbon leakage) is measured by the Proportion of
entities covered and Probability of deterring evasion and leakage with Monitoring, Reporting,
Verification (MRV). Evading regulation can potentially lead to carbon leakage and reduce the
effectiveness of the policy.

Table 1: List of criteria and single-dimensional metrics

Criteria Single-dimensional metrics
1. Certainty of emission reduction 1. Probability of absolute CO, reduced
2. Effectiveness in encouraging 2. Number of high TRL technologies adopted
adoption of high TRL technologies
3. Effectiveness in investing in R&D of 3.  Number of patents or papers published
low TRL technologies
4. Effectiveness in generating funds 4a. Amount of funds generated
4b. Certainty of funds generated
5. Cost effectiveness 5. Tonne CO, abated/total costs
6. Ease of implementation 6. Man-hours needed to implement the system
7. Avoidance of evasion and carbon 7a. Proportion of entities covered
leakage 7b. Probability of deterring evasion and leakage
with MRV
8. Recognition of early actions 8  Recognition of prior fuel-saving investments
5.1. Certainty of emission reduction

The first criterion is the certainty of emission reduction, which we measure by the probability of
absolute CO; reduced. Sub-types under bunker levy and ETS will not differ in this criteria. ETS has a
greater probability of achieving absolute emission reduction because the clear and stated “cap” on
CO, emissions by a specified date guarantees a limit on emissions, although it is also subject to the
compliance of covered emitters. In contrast, it is hard to ascertain the probability in which CO; can be
reduced in bunker levy, as there is no regulation imposed directly on CO, emissions. The mandate to
pay bunker levy can be complied with without guarantee of curbing CO, emissions. Hence, ETS can
lead to more certain emission reduction.

5.2. Effectiveness in encouraging adoption of high TRL technologies

The effectiveness in encouraging adoption of high TRL technologies can be measured by the number
of high TRL technologies adopted. Adoption of technologies depends on the cost and non-cost
attractiveness of these technologies. From a business perspective, investors generally value long-term
carbon price stability when making long-term and large capital investment for greater certainty in
returns to investment (Blyth et al., 2007; Fuss, Johansson, Szolgayova, & Obersteiner, 2009). The
additional large carbon price uncertainty in ETS makes investors less able to do long-term investment
planning, a view corroborated by authors from the IMF (Farid et al., 2016), and may delay investment
decisions. Uncertain costs increase the risk of investments, leading to more stringent investment
evaluation criteria. High-risk investments have been identified as a barrier to adopting energy-efficient
technologies among shipping firms (Rehmatulla & Smith, 2015). Sub-types under bunker levy and ETS
will not differ in price stability. Thus, bunker levy is preferred in this aspect.

13
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A point to note is that this criterion is constrained by and highly dependent on the availability of high
TRL technologies. Such dependency is applicable to both types of MBMs and can be observed from
existing MBMs. A good example is the United States’ Acid Rain Program, where an ETS was enacted in
1994 to reduce the annual sulfur dioxide (SO;) emissions. By 2015, the SO, emission has been reduced
to 86% below 1990 levels (EPA, 2018). According (Hitaj & Stocking, 2016), its success was partly due
to the availability of low-sulfur alternatives such as low-sulfur coal, natural gas and hydropower or air
scrubbers, and understanding the benefits and costs of these alternatives. The British Columbia
carbon tax provides a similar observation. In response to the tax, households in more densely
populated urban areas reduced gasoline consumption by a greater extent than those in smaller cities,
while households in rural and northern areas showed no evidence of reduction as they have the fewest
transportation alternatives to private vehicles (Lawley & Thivierge, 2016). This possibly indicates that
the adoption of measures and successful emission reduction requires low-carbon alternatives and
technologies to be readily available.

5.3. Effectiveness in investing in R&D of low TRL technologies

Effectiveness in investing in R&D of low TRL technologies can be measured by the number of patents
or papers published. Uncertainty in future long-term carbon price is likely to increase risk of
investments, decrease returns to investments and cause firms to delay or forgo investment, including
those in innovative technologies (Gilbert & Blyth, 2014; Martin, Mudls, & Wagner, 2011). Ship
operators, owners and technology suppliers would prefer long-term stability in carbon price to make
R&D investment decisions. However, in the long term, the large uncertainty present in ETS makes it
more difficult to form long-term views and make long-term capital investment decisions
(Umweltbundesamt, 2015). Sub-types under bunker levy and ETS will not differ in price stability.
Hence, it seems that bunker levy, due to its greater price certainty, is more likely to encourage greater
long-term capital investment in R&D.

5.4. Effectiveness in generating funds

For effectiveness in generating funds, the amount and the certainty of funds generated by the
schemes are compared. The amount generated by bunker levy depends on the levy rate imposed,
amount of funds rebated to cover administrative costs of countries and amount of bunker sold while
in ETS, it depends on the emission cap set, transaction price of credits being auctioned and amount of
fine imposed. Variants under bunker levy will not differ in the amount of funds generated assuming
that the administrative cost rebated to countries is a fixed percentage of total funds collected and
bunker sales are stable. ETS2 will raise more funds than ETS1 because ETS2 issues less free emission
credits. Between ETS2 and bunker levy, the amount of funds generated by each is inconclusive as there
are many variables. However, based on economic theory, both types of MBMs can raise the same
amount of money (AGF).

Another operationalised criterion is the certainty of funds generated. Bunker levy has a high certainty
of funds generated due to the fixed levy imposed on fuel sold. Variants under bunker levy will not
differ in the certainty of funds generated if they impose the same levy rate. ETS results in uncertainty
in funds generated as it depends on the outcome of the auctions. ETS1, where credits are initially
allocated for free, will not generate funds initially, hence will have less certainty in generating funds
at the start compared to ETS2. In this respect, authors from the IMF has identified the free allocation
of credits as “a serious drawback” of ETS as it signifies a loss of potentially valuable funds for climate
financing (Keen et al., 2012). Between bunker levy and ETS2, bunker levy has a higher certainty in fund
generation due to the fixed carbon price.
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5.5. Cost effectiveness

Cost effectiveness is measured in tonne of CO, abated/total costs. As MBM does not directly reduce
CO, emission, it depends on the technical and operational changes undertaken following the
implementation of MBM with similar Marginal Abatement Cost Curve (MACC). Thus, cost
effectiveness is inconclusive.

5.6. Ease of implementation

This criterion can be operationalised into the man-hours needed to set up the procedures and MRV
system, to train expertise in MRV, to collect fund, to distribute fund, to conduct MRV, to review and
to adjust the market price or quantity. The number of entities involved can be a proxy for the number
of man-hours required. Table 2 below briefly outlines the entities involved for each workflow step.

Table 2: Entities involved in workflow steps

Workflow | Bunker levy ETS

Set up BL1, BL2: Bunker suppliers Ship operators/owners and all their ships
procedure | BL1: National port authorities
and MRV | BL3: Shipping companies

system
Train Train below entities on new procedure | Train new role to know how trading
expertise | of levy collection registries operate, strategic time to buy
BL1, BL2: Bunker suppliers and sell credits, how to prepare
BL1: National port authorities monitoring plan and report etc.
BL3: IMO Fund Administrator
Collect BL1, BL2: Bunker suppliers Ship owners/operators participating and
fund BL1: National port authorities buying credits in the new market and the
BL3: IMO Fund Administrator new ETS Administrator who controls the

auctions and selling of credits
Distribute | New IMO entity to distribute (to States as compensation or industry as climate
fund finance)

Conduct BL1, BL2: Port States to audit bunker Ship owners/operators to do monitoring
MRV suppliers and reporting; Third-parties and Flag
BL1: IMO Fund Administrator States to do verification
BL3: Flag States to audit ships
Review IMO to analyse effectiveness of levy IMO to analyse system performance such
rate as effectiveness of emission cap, the gases

to be covered, the cap, the benchmark,
banking and borrowing, punishment for
non-compliance, etc.

Adjust BL1, BL2: Port States to inform bunker Flag States to inform its ship
market suppliers of change in levy rate operators/owners of a change in cap
price or BL3: IMO Fund Administrator to inform | before a new period begins

quantity ship companies

In each step identified for BL1 and BL2 in Table 2, besides ‘Distribute fund’ and ‘Review’ wherein IMO
or an IMO entity is involved, bunker suppliers are largely involved. Thus, they would be the key entities
for BL1 and BL2. BL3 mainly involves shipping companies. In ETS, ship owners/operators would need
to be accountable for each of their ships’ performance, making individual ships a key entity.

15



Working Paper 17 Jan 2019

According to IHS, there are 1041 bunker suppliers as of 2017. In contrast, there are around 58,000
ships trading internationally, managed by around 17,000 operators and 36,000 registered owners, as
of April 2018. For comparison, European Union Emissions Trading System (EU ETS) — the world’s
largest ETS operating in 31 countries — covers around 11,000 installations (EU). BL1 and BL2 would
largely involve bunker suppliers, and BL3 would involve ship operators/owners, while both ETS would
involve the same number of entities i.e. all ships. BL1 and BL2 are likely to involve fewer entities and
man-hours to implement compared to BL3. Implementing ETS in international shipping involves much
more entities, and hence man-hours, compared to bunker levy.

Pertaining to setting up the system, both ETS sub-types would require more man-hours to set up
compared to bunker levy. Firstly, regardless of which allocation approach, bottom-up estimates of
individual ships’ emissions need to be available to determine the sector-wide emission cap for ETS to
work. This sector-wide emission cap translates to the amount of credits available in the market.
Credits will then be further allocated to ships via auctioning or allocated for free based on a benchmark
(also known as grandfathering). It is common that an ETS system starts with free allocation and
progressively transits to auctioning to prevent high costs from being incurred by the industry and
increase acceptability towards the regulation. A large number of man-hours would be needed to
determine an emission cap for international shipping.

Comparing ETS1 and ETS2, while both ETS sub-types requires setting up a carbon market and
verification system involving shipping companies and Flag States, ETS1 is likely to be more challenging
to set up than ETS2 as ETS1 requires an emission benchmark to be set on individual ships. Section 4.2
states three possible methods to compute the benchmark, all of which require bottom-up estimates
of individual ships’ emissions.

In addition, there appears to be a large variability in fuel consumption (and consequently emissions)
of individual ships. After segregating by ship type, variation of operational efficiencies of individual
ships have been found to exceed 100% of the ship’s group average efficiency (see Table 3 below). The
study* concluded that this range is too large for accurate predictions for individual ships. Variation
could be due to factors such as EEDI and relatively uncontrollable ones such as the management of
companies, seafarers, market situations, cargo loads, port efficiency, sea and weather conditions etc.
Although the study has been conducted for operational efficiency, similar trends can be inferred for
fuel consumed. Thus, the large variability makes it difficult to establish an accurate baseline for
emission cap on individual ships.

Auctioning in ETS2 seems relatively simpler as there is no need to compute a benchmark for the large
number of ships involved. However, a potential variability that stakeholders need to manage is in the
number of credits shipping companies need to buy from the market. In some cases, such as for spot
charter, this number is unpredictable.

Thus, bunker levy, regardless of sub-type, is a lot easier to implement due to the fewer entities
involved and fewer man-hours needed. ETS1, using free allocation, is likely to require the most man-
hours to set up as the large variability in emissions of individual ships makes it very tedious to establish
a benchmark.

14 |SWG GHG 2/2/7 Statistical analysis on the characteristics of operational energy efficiency of ships and the
properties of regression lines of the potential indicator
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Table 3: Spread of mean and individual prediction intervals of ship in a given year. Source: ISWG GHG 2/2/7 Statistical
analysis on the characteristics of operational energy efficiency of ships and the properties of regression lines of the potential
indicator

Ship Types Spread of infcer_vals _Sp_re_ad of inte_rvc_ils
mean prediction individual prediction
Bulkers -2.94% - +3.04% -30.96% - +44.85%
Qil Tankers -13.74% - +15.98% -53.79% - +116.42%
Containerships -5.25% - +5.58% -50.52% - +102.12%

5.7.  Avoidance of evasion and carbon leakage

Evading regulation can potentially lead to carbon leakage. When policies are different across regions,
regulation may be unfairly applied over the international fleet or bunker supplier. Flag states or bunker
suppliers who are not subject to or complying with international law may be highly demanded,
thereby diminishing the effectiveness of new policies. This can be prevented by maximising the
proportion of entities covered. Sub-types under bunker levy and ETS will not differ in the proportion
of entities covered. For bunker levy, if applied to all IMO ships globally via bunker suppliers for BL1
and BL2, or on all ships for BL3, there will be minimum carbon leakage. Under ETS, there will also be
minimum leakage if applied to all IMO registered ships globally. Hence, it is inconclusive as to which
is better.

Considering that there is a risk of evasion for MBM regulation, the probability of using MRV to deter
evasion, and consequently leakage, is compared. For bunker levy, it depends on the robustness of
implementing MRV on bunker suppliers and shipping companies in BL1/BL2 and BL3 respectively.
Among the bunker levy sub-types, BL2 involves the least number of entities and is likely to have the
least problems in deterring evasion and leakage. For ETS, it is subject to the robustness of
implementing MRV on ship operators/owners and their ships, and how fairly the credits can be
allocated . Variants under ETS will not differ in the entities involved and hence will not differ under
this metric. Since the number of bunker suppliers or shipping companies involved in bunker levy is less
than the number of ships involved in ETS, MRV is likely to be less problematic in bunker levy than ETS.
Hence, bunker levy, especially BL2, is likely to have a higher probability of deterring evasion and
carbon leakage.

5.8. Recognition of early actions

In order not to penalise early efforts to reduce emissions, an MBM needs to ensure recognition of
prior fuel-savings investment. For bunker levy, prior efforts to improve energy efficiency will not be
wasted as after implementation, ship operators/owners can still benefit from requiring less fuel and
incurring lower fuel cost. Variants under bunker levy will not differ at a given levy rate. On the other
hand, for ETS1, it depends on the credit allocation benchmark. If the benchmark is set according to
historical emissions, earlier efficiency improvements will be wasted as ships that improved efficiency
prior to ETS will be required to reduce emissions at the same rate as ships that did not make
improvements. If it is set based on the efficiency of best-performing ships, then ships that have
adopted fuel-efficient measures early would be more likely to meet the “cap”. For ETS2, ships can buy
fewer credits or bank credits for future use if they have reduced fuel use.

Although all schemes can recognise early actions, it is more straightforward in bunker levy and ETS2
as no additional work is required. In ETS1, to recognise early actions, effort needs to be invested in
computing a suitable baseline, potentially for every single ship.
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6.  Summary of evaluation and discussion

A summary table on the previous comparison analysis can be found in Appendix 8.1. Figure 6 below is
a graphical presentation of the relative favourability of MBMs along the single-dimensional metrics.
For each metric, the type (or sub-type) of MBM which is more favourable will be denoted by a full-
length bar. If it is inconclusive as to which MBM is more favourable for a metric, both MBMs will be
denoted by a half-length bar each.

Bunker Levy l Bunker Levy /
(All variants) ETS1 (free allocation) ' IH‘ (All variants) ETS2 (full auctioning)

>

F N

leakage —

Probability of deterring evasion and leakage with MRV

Recognition of prior fuel-savings investment

I
Probability of absolute CO2 reduced _ I ;
Effectiveness in providing long-term carbon price stability _ I _
to encourage adoption of high TRL technologies |
Effectiveness in investing in R&D of low TRL technologies _ : _
I
Effectivenessin I
generating funds |
) |
Cost effectiveness (tonne CO2 abated / total cost) _, I _
. . y |
Ease of implementation by requiring less man-hours to _ I _
Avoidance implement system I
of evasion |
and carbon Proportion of entities covered _I | _
|
| |
|
I | IS
I

Figure 6: Summary of evaluation results

Overall, we find that bunker levy is more favourable. Compared to an ETS with free allocation of credits,
bunker levy can provide a more stable carbon price for greater effectiveness in encouraging adoption
of high TRL technologies, investment in R&D of low TRL technologies and generating funds. In a bunker
levy, having fewer entities involved will mean fewer man-hours needed to implement the policy, and
to deter evasion and carbon leakage. Fewer man-hours are expended to recognise early fuel-savings
investment in bunker levy. If we consider an ETS with full auctioning of credits, it becomes inconclusive
as to whether the bunker levy is a more favourable MBM in terms of the amount of funds generated
and recognition of early fuel-savings investment.

In seeking a suitable MBM for international shipping, it is crucial to pursue an option that is most
suitable for the current situation of the sector. From the discussion above, it appears that ETS has
greater certainty in the CO; reduced, but takes a lot more man-hours to implement while bunker levy
is easier and faster to implement. Time is an important factor to consider. Firstly, CO, emission has a
cumulative effect on global warming. The longer we delay policy implementation, the greater the
negative effects are. In addition, R&D and the adoption of Best Available Technology (BAT) will take
time. For example, some technical measures can only be installed during dry-docking, which occurs
once every 5 years. Technologies required to achieve emission cuts in line with IMQO’s target are
currently low in TRL (refer to section 4.3.). Hence R&D is necessary to advance these technologies to
high TRL. This leads to the proposition that any emissions pricing measure adopted should carefully
consider the time needed designing the MBM, the actual implementation, and the time lag before it
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has an effect on R&D, the subsequent adoption of the new technologies, and the eventual CO2
reduction (refer to Figure 1).

If a complete shift to zero-carbon fuel occurs in the future, there would be neither fuel use to base
the levy on, nor companies trading for ships’ CO; emissions. Any MBM that targets carbon emission
from ships would no longer be useful, although this also implies that the MBM has achieved emission
reduction. A possible danger of removing the MBM is that some companies might return to CO;
emitting practices. The MBM could be extended to reduce indirect emissions by assessing lifecycle
GHG emissions.

We suggest that IMO could consider bunker levy as soon as possible for its ease of implementation
and ability to generate funds to support R&D in the shipping industry. In the long term where time is
less of a constraint and large uncertainties exist in the technologies available, it is not clear which
MBM is more effective at reducing CO,. Hence, in the long term, an appropriate MBM could be
designed in tandem with international shipping’s emission reduction ambition, and technological and
operational measures available to the sector.

7. Conclusion

At the start of the paper, we raised the question: Which MBM is more suitable for international
shipping? To address this question, we adopted a systems perspective conceptual model, defined the
MBMs in detail, looked at the gaps between the IMO goals and the technological gaps, identified the
evaluation criteria based on the systems perspective conceptual model and existing literature, and
came to the conclusion that a bunker levy is preferred given its better fit with the current situation in
international shipping. It is worth pointing out that in our decision-making model, all the criteria have
equal weight. It is possible that some researchers or policy makers place more weight on certain
criteria and thus come to a different recommendation. For instance, one might argue that the
effectiveness (i.e. certainty to reduce CO,) should be more important than the ease of implementation.
What is important in the debate of ETS or bunker levy is that the criteria and their relative importance
are made explicit. Not only that, for a constructive discussion to take place, future work should be
clearer and more precise on what the MBMs under consideration are, the criteria used to decide the
preferred MBM, the basis of using them, and their fit to the context of international shipping.

In summary, this paper makes three important contributions to literature:

1. Conceptually, we adopted a systems perspective, which allows us to draw insights from
economics, technology and innovation management literature.
2. Methodologically, we use a multi-criteria decision making approach where we
a. Operationalise the MBMs, i.e. bunker levy into 3 sub-types, and ETS into 2 sub-
types.
b. Identify the 8 criteria which are then further converted to 10 to ensure clear and
unambiguous interpretation of the criteria.
3. Our underlying view is that the MBM needs to fit the context in which it will be deployed.
Given the right context, both types of MBMs could be good. In the current context of
international shipping, bunker levy seems to be more suitable.
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8. Appendix

8.1.

Summary of criteria evaluation

Criteria

Certainty of

Metric

Probability of

‘ Bunker levy

Reduction in absolute

Working Paper

‘ ETS

Certain emission reduction with

17 Jan 2019

Assessment

Variants under bunker levy and ETS will not differ in certainty of

emission absolute CO, emissions is uncertain, but setting of cap and emission credits (if [reductions.
reduction reduced emission per unit of activity covered emitters are fully compliant). |ETS can allow more certain emission reduction level than

(e.g. mile travelled) might bunker levy.

improve.
Effectiveness in [Number of high TRL |Fixed and stable carbon price |Volatile carbon price makes investors |Adoption of tech depends on (cost and non-cost) attractiveness
encouraging technologies can provide the price stability [less able to do long term investment |of technologies. From a business perspective, investors greatly
adoption of high |adopted that investors seek in making planning. Such delay can be costly due |value long term carbon price stability in making long term and

TRL technologies

investments.

to the cumulative effect of co,,.

large capital investment for greater certainty in returns to
investment.

Variants under bunker levy and ETS will not differ in price
stability.

Price stability in bunker levy can better encourage adoption
compared to ETS.

Effectiveness in
investing in R&D
of low TRL
technologies

Number of patents
or papers published

Certain price is preferred by
ship owners, operators, and
technology suppliers in making
long term R&D investment
decision.

The uncertainty in price may deter
ship owners and technology suppliers
from pursuing promising R&D that are
long term.

Variants under bunker levy and ETS will not differ in price
stability.

It seems that bunker levy, because of its higher certainty, is
more likely to encourage long term R&D investment.

Effectiveness in
generating funds

Amount of funds
generated

Depends on the levy imposed,
the amount of bunker sold and
amount of funds distributed to
cover administrative costs of
countries

Depends on transaction price of
allowance auctioned and fine
imposed.

ETS1 will not raise funds in the initial
free allocation period.

Variants under bunker levy will not differ in amount of funds
generated assuming that administrative cost distributed to
countries is a fixed % of total funds collected.

ETS2 will raise more funds than ETS1 because it begins
auctioning of credits earlier.

Between ETS2 and BL, it is inconclusive as to which is better
since it very much depends on the details.
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Certainty of funds High certainty because of the |[Uncertain, depending on the outcome |Variants under bunker levy will not differ in certainty of
generated fixed levy imposed on fuel sold |of auctions. ETS1 will also not reductions as they can impose a same levy rate.
generate funds initially. ETS2 has greater certainty than ETS1 from the start with
auctioning
Between BL and ETS2, bunker levy has a higher certainty due to
the fixed carbon price
Cost Effectiveness |Tonne CO2 Depends on the technology and operational measures adopted as Inconclusive

abated/total costs

actual COz reduction can only happen via technology and

behavior/operational changes

Ease of
implementation

Man-hours needed

to implement system

1. Set up procedures
and MRV system

2. Train expertise in

MRV

. Collect fund

. Distribute fund

. Conduct MRV

. Review

N o o AW

. Adjust market
price / quantity

- According to IHS, there
are about 1041 bunker
suppliers.

- BL1landBL2 involve
bunker suppliers, port
states and IMO

- BL3involves shipping
companies and IMO

ETS1 and ETS2 require setting
up a carbon market and
verification system involving
shipping companies and Flag
States

In ETS 1, in determining an
initial allocation for ~58,000
ships, a lot of man-hours is
required to justify a fair
allocation of credits due to
large variability in fuel
consumption of each ship

For reference, EU ETS, largest
cap-and-trade, covers
~11,000 installations.

Both ETS1 and ETS2 involve
shipping companies, Flag
States and third-party

BL1 and BL2 involve least number of entities and least man-
hours

ETS2 is easier to set up than ETS1. Note that both ETS1 and
ETS2 involve the same number of entities (and man-hours) to
maintain

Bunker levy (specifically BL1 and BL2) is a |ot easier to
implement than ETS2 due to less entities involved and less man-
hours needed.
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verifiers in verification
process

IAvoidance of
evasion and
carbon leakage

Proportion of entities
covered

Minimum carbon leakage if
applied to all IMO-ships
globally (via bunker suppliers
for BL1 and BL2 or directly on
ships for BL3).

Minimum carbon leakage if applied to
all IMO-ships globally.

If applied to all applicable ships globally, there is minimum
leakage. It is inconclusive as to which is better

Probability of
deterring evasion
and leakage with
MRV

Subject to how well MRV can
be implemented on bunker
supplier in BL1 and BL2 and on
shipping companies in BL3.

Subject to how well the carbon credits
can be fairly allocated, and how well
MRV can be implemented.

MRYV for ETS1 and ETS2 need to
involve ships

Bunker levy (especially BL2) is likely to have less problems with
MRV because there are less suppliers or shipping companies
than ships, which the ETS is applied on.

Recognition of
early actions

Recognition of prior
fuel-saving
investments

All prior effort to improve
energy efficiency will not be
“discounted” because the
bunker levy is imposed on the
amount of fuel used. E.g. A ship
made efficient prior to the
enforcement of bunker levy will
reap the benefits as less bunker
is needed, and less levy needs
to be paid.

In ETS], it depends on the allocation. If
credit allowance is set based on the
best-performing ships, then ships that
have adopted fuel efficiency early
would be more likely to meet the
“cap”.

However, ships may operate in very
different environment each time and
thus there might be no universal
benchmark or ‘cap’ that can apply to
even ships in the same category.

In ETS2, ships need to buy less credits
or can bank credits for future use if
they have reduced fuel use.

Variants under bunker levy will not differ at a given levy rate.

ETS2 would not need additional work to recognise earlier fuel-
savings while for ETS1, effort needs to be invested, potentially
for every single ship.

The situation is more straightforward in bunker levy and ETS2,
as no additional work is required.
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