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Abstract

The European Union’s energy transition framework presents significant challenges for
the maritime sector, requiring technical, organizational, and market-based compliance
measures. The FuelEU Maritime Regulation (FuelEU) introduces flexible mechanisms such
as banking, borrowing, and pooling that broaden compliance options for shipowners. This
study examines the role of pooling in European shipping, focusing on its operational mod-
els, enabling conditions, and economic implications. Pool formation demands extensive
information exchange and effective coordination, creating a need for specialized interme-
diaries and supporting the emergence of a market in which pooling prices are shaped by
supply and demand. The research employs a qualitative methodology combining stake-
holder and exploratory market analysis, assessment of regulatory and market drivers, case
studies, and comparative analysis, complemented by expert interviews and a targeted
survey. The findings highlight pooling as a pivotal compliance instrument, particularly
as a fallback option during the reporting period, and show that it currently represents the
most cost-efficient means of achieving FuelEU compliance. Intermediary service providers,
especially digital platforms, play a central role by facilitating coordination, improving
transparency, and reducing compliance costs. The study further identifies key factors
influencing shipowners’ costs and revenues in pools, emphasizing the critical importance
of alternative fuel availability and prices.

Keywords: decarbonization; maritime transport; shipping; energy transition; development
strategies

1. Introduction

One of the European Union’s principal strategic priorities is the energy transition,
aimed at decarbonizing the economy and thereby improving living standards across the
continent. The European Green Deal [1] constitutes the central policy framework in this
domain, outlining the measures required to achieve the greenhouse gas (GHG) reduction
targets subsequently detailed in the Fit for 55 package. The transport sector, responsible
for 28.4% of total European emissions in 2023, represents a critical area for the implemen-
tation of decarbonization policies. Within this sector, maritime transport accounts for
13.3% of Europe’s GHG emissions, prompting the introduction of comprehensive regula-
tory initiatives [2]. A pivotal component of Fit for 55 is the extension of the European Union
Emissions Trading System (EU ETS) to the shipping industry, alongside the implementation
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of the FuelEU Maritime Regulation, which addresses energy intensity, the uptake of alterna-
tive fuels, and the deployment of shore-to-ship power for container and passenger vessels.
These new measures impose additional obligations on shipping companies, particularly
with respect to emissions reduction and energy efficiency improvements. Notably, the first
regulatory requirements concerning the coverage of emission costs entered into force only
in 2024 under the ETS framework, while obligations related to the GHG intensity of energy
used by ships will apply from 2025 under FuelEU. Consequently, the effort to achieve the
required levels of emission reduction has only just begun.

At the same time, the maritime sector remains at an early stage of its decarbonization
trajectory. A more stringent threshold for annual average GHG intensity is scheduled to
take effect in 2030. This progression necessitates the adoption of appropriate compliance
measures, which may be technical, financial, operational, or managerial in nature. With
respect to managerial strategies, the FuelEU Maritime Regulation identifies three optimiza-
tion mechanisms available to shipowners: banking, borrowing, and vessel pooling. The
latter represents a particularly noteworthy innovation, as pooling arrangements may be
established among vessels belonging to different shipowners. In practice, this creates a
quasi-market system in which shipowners operating energy- and environmentally efficient
vessels act as sellers, while those whose fleets fail to meet established efficiency standards
function as buyers.

The purpose of this study is to examine the fundamental premises, methods, and
compliance measures arising from environmental regulations, with particular emphasis
on the compliance strategy of vessel pooling. Specifically, the study seeks to identify the
mechanisms that determine transaction prices within the vessel compliance pool market,
as well as its operational and organizational structures. In this context, intermediaries are
expected to play a significant role. The relevance of this research stems from the ongoing
implementation of these measures and the absence of prior experience in this domain. At
the same time, the analysis is challenging due to the limited availability of information on
actual activities within the compliance pool market.

The objective of the research is to assess the significance of vessel pools within
the compliance management strategies adopted by the European shipping sector in the
context of the energy transition and decarbonization, and to evaluate their associated
market effects.

Taking these considerations into account, four research questions are formulated to
define the authors’ primary area of inquiry:

e  Q1I: What are the fundamental premises and conditions governing the participation of
shipping companies, both sellers and buyers, in vessel compliance pools established
under the FuelEU Maritime Regulation?

e (2: How does the market and pricing mechanism function within vessel compliance
pools, and what are the key determinants shaping transaction prices?

e  (O3: What is the significance and role of intermediaries in the FuelEU pool market?

o (Q4: Towhat extent is the compliance pool strategy currently employed in the European
shipping market, and which factors are likely to influence its future application?

The study formulates the following research hypothesis: the fleet compliance strat-
egy constitutes the dominant measure of compliance with FuelEU requirements among
shipowners operating in European Union ports. Dominance is understood as the participa-
tion of a majority of registered vessels (>50%) in FuelEU compliance pools.

The significance of this research can be articulated across three key dimensions.
First, at the theoretical level, the study seeks to advance a comprehensive understand-
ing of the rationale, guiding principles, and interdependencies underpinning the design
and functioning of compliance pooling strategies. Second, it offers an in-depth exam-
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ination of the evolving landscape of compliance-pooling support services, including
potential operating models for intermediaries and the range of solutions and informa-
tion they provide. Third, the research delivers practical value for shipowners and other
maritime stakeholders, whose awareness of existing market opportunities and mecha-
nisms for effective compliance management remains limited. Enhancing understanding of
these strategies and tools may ultimately support a more cost-efficient implementation of
FuelEU requirements.

The structure of the paper is as follows: Section 2 provides a review of the relevant
literature and the current state of research. Section 3 outlines the sources of information
and research methods employed. Section 4 presents an analysis of the data and information
necessary for subsequent discussion, including key legal regulations, the rationale and
implications of compliance pool utilization, and issues related to market organization and
the principles of compliance price formation. Section 5 offers a discussion synthesizing the
potential impacts of vessel compliance pools and examining the factors likely to influence
future market transactions in light of external conditions. The paper concludes with a
summary addressing market and policy implications, research limitations, and directions
for future research.

2. Literature Review

The implementation of European climate policy, particularly in the areas of energy
transition and decarbonization, is a widely discussed and extensively researched topic.
This also applies to the maritime transport sector, encompassing both shipping companies
and seaports. Within this context, three primary research directions can be identified.

The first concerns the assessment of the impact of implemented regulations, partic-
ularly with respect to their influence on economic conditions and development [3], the
functioning of maritime transport markets [4], and specific market segments such as short
sea shipping [5], ro-ro [6], or container transport [7], as well as global supply chains [8].
The most frequently discussed issues relate to the challenges associated with the pace of
implementing individual requirements. Considerable attention is devoted to economic
analyses of the effects and implications of regulations for the competitiveness of the Eu-
ropean Union [9,10]. Research also examines the competitiveness of individual countries,
such as Sweden [11] or Finland [12], and groups of countries [13]. Analyses of the ef-
fects of environmental regulations in the EU additionally address their environmental
outcomes, particularly the extent to which they achieve real reductions in environmental
impact. Scholars emphasize that success depends on overcoming challenges such as car-
bon leakage [14], administrative complexity, and global competition [15]. However, the
reviewed literature lacks studies directly addressing the challenges posed by FuelEU or the
implications of implementing this specific decarbonization instrument. Research to date
has focused predominantly on the ETS, which is understandable given its earlier regula-
tory implementation. The FuelEU system remains in its initial phase, making dedicated
quantitative research currently unfeasible.

The second research area, primarily situated within engineering disciplines, concerns
technical and technological mitigation measures [16,17]. Discussions focus on alternative
fuels [18-20] including hydrogen [21], ammonia [22,23], methanol, electric propulsion,
bio-methane [24], and bio-LNG and on technologies that enhance energy efficiency or
reduce emissions, such as wind-assisted propulsion, engine optimization, air lubrication,
and carbon capture and storage [25,26]. Research also examines choices between fleet
modernization strategies and investments in new vessels [27]. This category further in-
cludes analyses of organizational solutions [28], which often relate to technical or IT-based
measures. Optimization studies address issues such as sailing speed [29] or the number of
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vessels deployed on a route [30]. Scholars additionally highlight measures such as route
and port-call optimization, the development of green corridors [31,32], and the implementa-
tion of good practices among ship crews aimed at energy savings. In these studies, the key
evaluation criterion is the volume of emissions reduced through the adoption of specific
technologies. However, they do not reference the GHG intensity of energy indicator spe-
cific to FuelEU. As a result, many proposed solutions have limited relevance for achieving
compliance under Fuel EU. Their applicability will be examined in the following section of
this article.

The third major research area concerns the assessment of costs [15], feasibility [33], and
the financial and economic impacts of implementing individual solutions. In this context,
the effectiveness of compliance measures depends on numerous factors. In addition to the
prices of alternative fuels and related pricing mechanisms such as bunker levies [34] or fuel
taxation [35], researchers highlight operational characteristics of fleets, including voyage
length, sailing speeds, route patterns, and port-call frequency [36,37]. As in the previous
research area, attention is primarily focused on the ETS or, alternatively, on solutions
promoted by the IMO. The evaluation criterion typically involves emissions reductions
translated into cost metrics. Although actions aimed at deploying low-emission marine
fuels will indirectly support compliance with FuelEU, this issue has not yet been a focus of
scholarly inquiry.

A recurring theme across many studies, including those referenced above, is the
examination of environmental regulations implemented at the International Maritime
Organization (IMO) level. Research in this area explores the rationale for regulatory
adoption [38], similarities and differences between IMO and EU regulations [39], and
their effectiveness, prospects, and success factors [40], often with reference to political
considerations [41,42]. However, these discussions focus primarily on emissions-related
solutions, particularly those within the ETS framework. The literature does not directly
address compliance with Fuel EU.

As noted, issues related to the use of compliance measures and methods in the mar-
itime shipping sector, particularly management-based tools such as banking, borrowing,
and pooling are essentially absent from the literature. Related research is conducted pri-
marily in the energy sector, where the ETS has been in operation for over two decades. In
that context, intertemporal emissions trading [43] is analyzed, whereby firms may transfer
unused permits from one period to the next (banking), while the reverse (borrowing) is
prohibited [44]. Borrowing is understood as backward inter-period transfers, involving the
use of future, often free, allowances [45]. Scholars note that banking enables smoother de-
mand for permits across business cycles, which may also be relevant for seasonal shipping
markets. Of particular interest are models that optimize the financial burden associated
with ETS compliance [46,47]. However, a fundamental difference exists: trading and
banking emissions allowances (e.g., EUA) is one matter, while banking, borrowing, and
pooling the compliance status of individual vessels treated as company assets is another.
Consequently, there is no direct connection between management strategies for emissions
levels in industry (ETS) and the situation in the shipping market under FuelEU.

Compliance pooling also exists in the automotive sector, where CO, emission limits
are being progressively tightened. Car manufacturers must meet carbon reduction targets
under Corporate Average Fuel Economy (CAFE) standards. Regulation (EU) 2019/631 [48],
part of the Fit for 55 package, introduced significant restrictions in 2025. In this context,
emission pooling is an EU legal mechanism enabling automakers to accumulate and trade
emission credits, thereby helping them meet regulatory targets. Several compliance pools
currently operate in the automotive industry, including partnerships between Mazda
(Japan) and Changan Mazda Automobile (China); Nissan (Japan) and BYD (China); KG
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Mobility (Republic of Korea) and Xpeng (China); and a large pool involving Tesla (USA),
Stellantis (France), Toyota (Japan), Ford (USA), Leapmotor (China), Mazda (Japan), Subaru
(Japan), Honda (Japan), and Suzuki (Japan). Another pool includes Mercedes (Germany),
Volvo (Sweden), Polestar (Sweden), Geely (China), BAIC (China), and Smart Automobile
(Germany) [49]. However, there is a lack of literature assessing the effects and effectiveness
of these arrangements, largely due to the contemporary nature of market developments
and limited access to information and data.

A further issue relevant to the implementation of FuelEU’s management-based com-
pliance tools particularly compliance pools involving external entities is the emergence of a
compliance exchange market and the role of intermediaries. In this context, transaction
costs become an important consideration for market participants. Such analyses have been
conducted within the ETS framework, examining both the level of transaction costs [50]
and changes in market behavior [51,52]. Research indicates an inverse relationship between
transaction costs and company size, and shows that market behavior evolves as participants
gain experience and as regulatory systems mature. However, the characteristics of the
FuelEU compliance pool differ substantially, as the subject of exchange is not an emissions
unit but the compliance status of an individual vessel, which must be formally reported,
verified, and confirmed.

The literature review reveals a notable research gap concerning the implementation
of management tools for emissions compliance under FuelEU, with particular emphasis
on vessel pools. Existing research has focused on the ETS and IMO-related solutions. No
analogous mechanisms exist at the IMO level, and thus they have not been examined
in prior studies. This gap is primarily attributable to the fact that FuelEU compliance
obligations will apply to shipowners only from 2025, as well as to the specific nature
of the compliance pool system. The absence of benchmarks limits interpretative and
analytical possibilities.

This study seeks to advance existing theoretical knowledge by systematically orga-
nizing and refining relevant terminology, as well as delineating the fundamental activities
associated with the establishment of such pools. Beyond its theoretical contribution, the
study holds practical relevance, offering guidance to prospective pool participants on criti-
cal aspects of cooperative arrangements. Moreover, the analyses presented herein provide
insights that may inform and support decision-makers in shaping effective strategies for
emissions compliance management.

3. Materials and Methods

Given that the phenomenon of vessel pooling constitutes a new structure within the
maritime shipping market, the availability of data and information defining its parameters
remains limited. Consequently, the research process employed a qualitative, exploratory
approach aimed at identifying emerging areas and management solutions, complemented
by a descriptive component used to characterize and explain individual market phenom-
ena. As a result, the use of quantitative methods and tools was necessarily limited. The
study therefore adopted a deductive orientation, formulating general conclusions based
on premises identified throughout the research process. Inference relied primarily on
expert assessments, observations, and professional judgments, which enabled an early
understanding of the fundamental relationships and trends shaping shipowner behavior.

To enhance the robustness of the findings, supplementary mixed-method procedures
were incorporated within a methodological triangulation framework. The following re-
search methods were applied:

e  critical literature analysis (CLA), used to verify existing research results and identify
further research challenges;
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e secondary data and market analysis (SDA/MA), focused on reviewing documents
and reports, and collecting and interpreting external factors (e.g., regulations) and
industry trends;

e case study (CS) analysis of a single company or market situation, primarily examining
the activities of compliance-pool intermediaries;

e comparative analysis (CA) incorporating sectoral expert interviews and opinion syn-
thesis, supported by a descriptive qualitative survey (DQS) conducted during stake-
holder meetings to gather assessments and perspectives.

The first stage involved a comprehensive literature review (CLA) on strategies for
mitigating the challenges of decarbonization and energy transition in maritime shipping.
This review revealed a clear research gap: the vessel compliance pool strategy remains
outside the mainstream of current scholarship, largely due to its recent introduction, as
companies will only begin applying it from 2025 onward. More than one hundred studies
published between 2020 and 2025 were initially identified, and following preliminary
screening, 48 scientific articles were subjected to detailed analysis. At this stage, sec-
ondary data and market analysis (SDA/MA) was also conducted, focusing on reports
and documents published by organizations, institutions, and stakeholders engaged in
maritime decarbonization. Studies prepared by classification societies (e.g., DNV, LR,
ABS) and by advisors and intermediaries active in the FuelEU compliance market were of
particular relevance.

In the initial phase, the primary objective was to examine the regulatory framework,
formal implementation conditions, and mechanisms for applying market-based compli-
ance strategies under the FuelEU Maritime Regulation, as well as complementary legal
instruments at the EU and IMO levels. To this end, a systematic review of relevant legal
acts (SDA/MA) was conducted, highlighting their specific features and interdependencies.
Insights from expert consultations and opinions (CA) on transport policy regulations were
also incorporated.

The collected information enabled the development of a set of mitigation actions
and strategies related to decarbonization and energy transition in the European maritime
transport sector. This facilitated the identification of solutions that constitute effective
tools for achieving compliance under FuelEU and contributed to defining the fundamental
implementation framework and market-based management strategies, with the compli-
ance pool serving as a central element. Subsequently, a detailed review of entities (CS)
involved in the creation and operation of compliance pools was undertaken, with particular
attention to intermediaries. Case selection was based on an initial identification of poten-
tial intermediaries (13 entities). Contact was then initiated via email or phone, resulting
in interviews or correspondence with seven organizations. All four exchange-platform
operators responded, confirming a high level of coverage of the FuelEU compliance
intermediary market.

This information was further validated through consultations (CA) with industry
stakeholders in the form of individual expert interviews (online meetings or email cor-
respondence), supported by an online survey (MS Forms). These consultations were
conducted between November 2025 and January 2026, a critical period for FuelEU imple-
mentation. Interviews and correspondence included representatives of companies active
in the compliance-pool intermediary market (AHTI Group, BetterSea, BSM, CarbonLeap,
HECLA, Promar, ZERO44), as well as representatives of classification societies (American
Bureau of Shipping, Det Norske Veritas, Polish Register of Shipping) and shipowners
(Tsakos Shipping). The primary aim of the interviews was to understand intermediary
processes and activities, as well as the general principles governing the compliance market.
The interviews were unstructured, reflecting the exploratory nature of the study and allow-
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ing new themes and issues to emerge. These consultations proved particularly valuable in
defining the role of compliance-market strategies and identifying potential stakeholders
involved in the preparation, organization, and management of compliance pools.

The research process was also marginally supplemented by an analysis of statisti-
cal data on shipowners’ compliance activities. Currently, however, the only source of
partial statistical information is the MRV THETIS/EMSA database, which contains data
on reported vessels. This allowed only for the identification of the potential market for
compliance-pool transactions, as the first information on actual activities will likely not be
available until mid-2026.

Relating the indicated methods to the defined key issues, it can be indicated that for
the first research question (Q1), literature reviews (CLA) and secondary source analyses
(SDA) were of primary importance. In determining pricing mechanisms in the compliance
pool market (Q2), secondary source analyses and market inferences (SDA/MA), as well
as case studies (CS) were particularly important. Defining the role of intermediaries (Q3)
was primarily the result of expert interviews as part of comparative analyses (CA), as
well as a detailed review of individual stakeholder offers (CS, MA). The assessment of the
significance of the FuelEU compliance pool strategy (Q4) was primarily the result of using
information from experts (CA) and a review of available statistical data (MA) defining the
quantitative framework of the phenomenon.

4. Results
4.1. Regulation Framework of European Maritime Transport Decarbonisation

Economic and social development, which leads to increased transport intensity, un-
fortunately entails negative environmental impacts known as external transport costs. By
definition, companies generating pollution are not responsible for the costs that do arise.
The negative impacts of their activities are felt by society and the environment, such as emis-
sions, noise, vibrations, accidents, or impacts on the landscape. Imposing these costs on
producers, based on the concept of internalizing external costs, requires the establishment
and compliance with specific regulations. Otherwise, it is difficult to expect companies
to incur additional costs arbitrarily. Applying this to emissions generated by European
maritime shipping, several key regulations have been prepared and implemented, which
currently determine the decarbonization process. Based on the goals included in the EGD,
key regulations and directives constituting the Fit for 55 package were prepared or updated,
including ETS [53], FuelEU [54], and EU MRYV [55]. In this context, it is necessary to refer
to regulations that complementarily support decarbonization efforts including AFIR [56]
and RED [57] (Figure 1). We can additionally refer to the proposed changes to fuel taxation
under the FTD [58].

The foundational regulation is the ETS Directive, the original version of which was in-
troduced in 2003 [59]. The regulation establishing the European Emissions Trading System
(EU ETS) addressed the challenges of the energy and industrial sectors by implementing
an emissions trading mechanism based on tradable emission allowances, known as EUAs
(European Union Allowances). Companies emitting CO, were required to obtain, either
free of charge or through purchase an appropriate number of allowances (1 EUA =1 tonne
of COy). In 2023, the ETS Directive was revised to include maritime shipping in the emis-
sions trading system beginning in 2024. A three-year transition period was introduced,
requiring shipowners to cover 40% of emissions in the first year and 70% in 2025. From
2026 onward, they will be required to cover the full cost of emissions. At the same time, the
scope of regulated emissions will expand, as methane (CHy4) and nitrous oxide (N,O) will
be added to CO, from 2026.
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Figure 1. Main relations between the regulations creating formal framework of the maritime transport
energy transition and decarbonization in the EU. Source: own elaboration.

The FuelEU Maritime Regulation, adopted in 2023, covers a broader and more complex
scope, addressing three fundamental areas, including:

e alimit on the greenhouse gas (GHG) intensity of energy used on board ships arriving
at, staying within, or departing from EU ports;

e an obligation for vessels to use on-shore power supply (OPS) or zero-emission tech-
nologies when berthing at designated European ports.

Beginning in 2025, the first reporting year, the GHG intensity limit will be 2% lower
than the 2020 reference value of 96.16 g CO-equivalent per MJ. In subsequent years, the
limit will be progressively tightened by 6% (2030), 14.5% (2035), 31% (2040), 62% (2045), and
80% (2050). Additional provisions establish sub-targets for the share of Renewable Fuels of
Non-Biological Origin (RFNBOs) in a vessel’s fuel mix from 2030 onward. The regulation
also includes specific considerations for low-emission marine fuels and alternative energy
sources such as wind or solar power, as well as technologies including fuel cells and on-
board energy storage. Their use significantly reduces the GHG intensity of total energy
consumption. Accordingly, the regulation allows wind and solar energy to be included in
GHG intensity calculations through a reward factor for wind- or solar-assisted propulsion.
FuelEU applies to 50% of the energy used on voyages arriving at or departing from the
European Economic Area (EEA), and 100% of the energy used on intra-EEA voyages, for
ships above 5000 GT.

One of the key differences between the two systems is that FuelEU covers well-to-
wake emissions, whereas the EU ETS considers only tank-to-wake emissions. FuelEU
therefore includes a list of default emission factors used to estimate GHG intensity. This
significantly reduces the potential for emissions reduction, as environmental impacts from
fuel extraction, processing, and distribution must also be accounted for. A second major
difference concerns the overall regulatory approach: the ETS addresses absolute emissions
(tonnes of CO,-equivalent), while FuelEU relates emissions to energy efficiency (CO;-
equivalent per MJ). As a result, mitigation technologies that improve a ship’s overall energy
efficiency will have a more limited effect on compliance outcomes under FuelEU. In this
context, emission reductions (/eCO,) are achieved primarily through reductions in energy
intensity (JM]).

A complementary regulation, technical in nature, is the MRV Regulation, which
establishes the framework for monitoring, reporting, and verification of CO, emissions
from maritime transport. It specifies monitoring principles and methods, the scope of data
to be reported, and the rules governing reporting and verification. A particularly important
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aspect for this study is the requirement to engage an external verifier to confirm reported
data. A compliance pool may only be created by vessels verified by the same entity, which
constitutes a significant formal limitation on the use of this mitigation mechanism.

European Maritime Safety Agency (EMSA) has prepared an online database—
EMSA /THETIS, where shipowners and verifiers enter the required information (Table 1).
Currently, there are over 14,000 ships reported in the THETIS database (2024), of which
mainly bulk carriers (31.5%), container ships (15.2%), oil tankers (14.1%), chemical tankers
(10.3%) and general cargo ships (9.7%).

Table 1. General information from the MRV Thetis/EMSA database.

Number of Total Fuel Total CO, CO, Emissions from CO, Emissions from CO; Emissions
Year Vessels Reported Consumption Emissions Voyages Between UE Voyages to/from EU Within EU Ports
P [Million Tonnes] [Million Tonnes] Ports [Million Tonnes] Ports [Million Tonnes] [Million Tonnes]
2018 12,258 46.5 145.4 46.9 90.0 9.0
2019 12,420 47.2 147.3 48.7 91.2 10.7
2020 12,114 41.6 129.7 38.4 83.4 8.4
2021 12,483 40.7 126.8 33.1 85.6 8.0
2022 13,469 443 1375 36.5 92.2 8.8
2023 12,804 414 1284 35.8 84.2 8.3
2024 14,018 47.2 145.9 35.2 102.7 7.3

Source: Own elaboration based on THETIS/EMSA [60].

The data allows for, among other things, the identification of overall fuel consumption
and emissions. For example, emissions can be broken down by transport route, including
internal EU connections, voyages to and from EU ports, and emissions generated within
seaports themselves. Undoubtedly, the biggest challenge is the emissions generated on
extra-European shipping routes, which account for over 70% of total CO, emissions.

When discussing regulatory requirements relevant to the decarbonization of maritime
transport, three related documents are worth highlighting. The first is the Renewable
Energy Directive. The third revision of the directive (RED III), published in October 2023,
introduces significant changes in the context of renewable energy (heating, energy, industry,
and transport). The aim is to increase the share of renewable energy to 45%. In the transport
sector, it will be necessary to:

e ensure at least a 29% share of renewable energy in final energy consumption in the
transport sector by 2030 or
e reduce GHG emissions intensity by at least 14.5% by 2030.

This goal is to be achieved by increasing the share of biofuels and hydrogen. It is
necessary to ensure the supply of fuels and renewable energy, as well as influence the
structure of cargo handled (seaports and shipping).

Another regulation is the Alternative Fuel Infrastructure Regulation (AFIR), which
defines the obligations of member states regarding the development of alternative fuel
infrastructure. From a maritime transport perspective, the requirements related to the
development of the OPS system in seaports and its availability for container and passenger
ships from 2030 (a complementary to the FuelEU) as well as ensuring the availability of
liquefied methane are particularly important.

The final document requiring attention is the EU Energy Taxation Directive of 2003. It
introduced structural provisions and minimum excise tax rates on energy products used
as motor and heating fuels, as well as on electricity. Aviation and maritime transport
are currently completely exempt from energy taxation in the EU. However, a revision
of the directive is planned to eliminate exemptions for maritime shipping. It will also
change the method for determining the tax burden. The basis will be the energy content
and environmental impact of a given energy product and/or electricity (not volume).
Importantly, from the perspective of shipping and the development of alternative fuels,
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the regulation will also cover “new” energy products (e.g., hydrogen). Plans are also
underway to introduce solutions to avoid double taxation in the case of electricity stor-
age. The directive could create another cost burden on shipowners, alongside the ETS
and Fuel EU.

In the context of European regulations, it is also necessary to point out the decar-
bonisation requirements created at the global level by the IMO/MPEC. First stage of
implementation were the regulatory actions towards limitation of GHG emissions form
shipping with perspective of implementation of the IMO Net-Zero Framework (NZF)
concept. Initial concept is based on estimates of the Carbon Intensity Indicator (CII) for
vessels, which indicates energy efficiency classified on a scale of A-E (CII Rating). Vessels
with a CII score in the A-B range meet regulatory requirements, while lower results require
mitigation measures (SEEMP—Ship Energy Efficiency Management Plan) to achieve at
least level B. Of course, the requirements for individual categories are to be systematically
tightened. Relevant data is collected in the IMO Data Collection System (DCS). Addition-
ally, a requirement has been introduced to estimate energy efficiency indices and certify
existing (EEXI) and new (EEDI) ships. Improved results are expected in this area as well.
The target solution is the concept of IMO Net-Zero Framework, aiming to achieve net-zero
greenhouse gas (GHG) emissions by or around 2050. The framework includes a carbon
pricing system, similar in concept to the European ETS. It is intended to be a mechanism
for harmonising environmental burdens globally, thus levelling the competitive position of
European and non-European shipowners. In October of 2025, at an extraordinary session
of the Marine Environment Protection Committee (MEPC), it was decided to postpone
for one year the adoption of the draft amendments to MARPOL Annex VI containing the
IMO Net Zero Emissions Framework, so the prospect of implementing the solution and the
timeframe still remain open.

As the above examples demonstrate, European shipowners are facing increasing
pressure to decarbonize, which naturally requires organizational and investment efforts.
Ships must be equipped with appropriate devices and solutions for monitoring engine
performance, while a system and organizational infrastructure for monitoring and reporting
numerous maritime voyage parameters must be developed. These requirements will also
increasingly necessitate investments in new propulsion systems and fuels, as well as
zero-emission ships, to meet the imposed requirements.

4.2. Decarbonisation and Energy Transition Compliance Measures for Shipping Industry

Achieving compliance requires targeted action by shipowners. In this context, how-
ever, it is necessary to distinguish between solutions that reduce absolute vessel emissions
(as required by the ETS) and those that reduce the GHG emissions intensity per unit of en-
ergy (as required by FuelEU). Analysis of available solutions, drawing on both the literature
and industry research, as well as discussions with stakeholders allows for the identification
of relevant mitigation measures and the assessment of their suitability in relation to FuelEU
requirements (Table 2). The vulnerability assessment of individual mitigation methods was
determined based on information obtained from expert interviews.

The basic solution resulting directly from the regulations, in cases where ships do
not meet the limits on average annual GHG intensity of the energy used on board, is the
payment of penalties for failing to make appropriate adjustments. Since these penalties
are intended to be deterrent, they are proportionate to the extent of non-compliance and
offset any economic benefits gained from non-compliance. Accordingly, the FuelEU penalty
should be based on the quantity and cost of renewable and low-emission fuels that ships
should have used to comply with the regulation [57]. Currently, the penalty is calculated
as a level of non-compliance per metric tonne of VLSFO fuel, amounting to EUR 2400. It
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can also be estimated that the fine for emitting one tonne of CO; equivalent is approx-
imately EUR 640. Revenue from FuelEU penalties collected by Member States should
support renewable and low-carbon fuels in maritime transport and help operators meet
climate goals.

Table 2. Selection of environmental compliance measures.

Coherence with

Type Mitigation Method Possible Solutions FuelEU Compliance
Non-compliance Penalties burden - -
. . . Hull coating, air lubrication, trim optimization, ..
Hydrodynamics (Ship design) hull cleaning Poor/Limited
. Waste heat recovery, engine de-rating,
Méchlnery and energy systems hybridization, fuel cells, frequency Poor/Limited
efficiency improvement o
converters optimization
Low-emission fossil fuels LNG Good/Excellent
Technical compliance Bio & E-fuels biofuels, hydrogen, ammonia, methanol Excellent
. Wind assistance, nuclear, solar, ..
Alternative power . Limited
battery-electric systems
Onboard carbon capture and storage
After treatment (OCCS) technique Good
Eco-efficient newbuilding Implemgnt.a tion low/ . Excellent
zero-emission propulsion
Speed and draft optimization Slow steaming, draft increase, weather routing Limited
Cold-ironing OPS implementation Limited /Good
o . 1 i Route, schedule and berthing optimization,
perational compliance Logistics and digitalization ship size and economy of scale optimization, Good
energy management systems
Human factors Energy efficiency awareness Limited
N Decisions more linked to operations and .
Company management reorganization decarbonizati - High
Management compliance ecarbonization requirements
FuelEU Banking & Borrowing Intertemporal vessel optimization Excellent
FuelEU Pooling Intra & Extra-company feet optimization Excellent

Source: Own elaboration with contribution [6,12,28] and expert interviews.

Technical methods for reducing emissions encompass a wide range of solutions, from
those that are relatively easy and low-cost to implement (e.g., trim optimization, efficiency
improvements), through measures requiring modernization or reconstruction of propulsion
systems (e.g., retrofitting for the use of alternative fuels), to those requiring significant
investment, such as the construction of new low- or zero-emission vessels. In terms of
FuelEU compliance, optimizing ship energy efficiency is considered by experts to have
limited effectiveness. As previously discussed, this approach reduces emissions (tonnes of
eCOy) but simultaneously reduces the amount of energy consumed (M]). As a result, the
energy intensity ratio (eCO,/M]J) is not significantly improved. Therefore, such methods
are more effective in the context of ETS requirements.

For FuelEU compliance, particular attention should be paid to the use of low-emission
fossil fuels (LNG) and bio/e-fuels, as they represent an effective solution, especially in
the short term. This compliance method can be considered relatively simple (it does not
require significant capital expenditure) while enabling rapid optimization of GHG emis-
sion intensity. For traditional fuels, the price difference between VLSFO and biofuel in
Rotterdam was approximately EUR 230 at the beginning of December 2025 [61]. The price
gap between fossil fuels and their bio-based alternatives should therefore be treated as
a minimum compliance cost. Biofuels are also an effective means of reducing CO, emis-
sions, thereby lowering emission costs under the ETS and meeting IMO requirements;
thus, their implementation has effects beyond FuelEU compliance. LNG also warrants
renewed attention, as more LNG-fueled ships are entering the market. This fleet is ex-
pected to generate compliance surpluses by 2040, which is crucial in the context of future
requirements. Alternative fuel technologies have a direct impact on compliance levels (as
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reflected in the regulation’s indicators). Their actual impact on performance was therefore
assessed as good to excellent, given their potential to significantly improve a vessel’s final
emissions efficiency.

Another technical solution with a direct impact on compliance, supported by correction
factors in the regulation is the use of alternative power sources, with wind and solar
assistance explicitly indicated. However, their contribution only slightly reduces emissions
intensity, and experts therefore assessed their impact as limited.

The technology of sequestering carbon dioxide from ship exhaust gases also holds
significant development potential. This solution, known as onboard carbon capture and
storage (OCCS), allows for the use of traditional fuels while simultaneously achieving up to
54-68% emission reductions (tank-to-wake) [26]. The technique can also be used to further
improve the environmental performance of low-emission fuels (e.g., methanol). According
to estimations, the GHG emission levels enabled by onboard carbon capture from the
main engine would allow fossil-fueled ships to comply with the FuelEU greenhouse gas
intensity requirement until 2044. On the other hand, it is estimated that the use of OCCS
systems may result in an increase in fuel costs by 18-45% [25]. In this case, however,
the FuelEU regulation merely indicates that, in the event of technological advances in
new greenhouse gas emission reduction technologies, such as carbon dioxide capture on
board ships, the Commission should assess the possibility of incorporating the contribution
of such technologies to reducing direct greenhouse gas emissions on board ships into
the greenhouse gas intensity and compliance balance formulas. Therefore, this solution
currently has no direct relevance for compliance activities.

The most effective solution (excellent) is the construction of new, zero-emission ships,
but in this case the high costs of adaptation must be pointed out.

Comprehensive information on technical solutions, their effectiveness and detailed
requirements and implementation effects are analyzed in many publicly available market
reports, issued mainly by ship registers such as Det Norske Veritas (DVN) [62,63], Lloyd’s
Register [64] and the American Bureau of Shipping (ABS) [65] showing considerable activity
in this regard.

Operational compliance measures are another area for finding solutions, with route
optimization being particularly important from a market perspective. In this case already
discussed phenomenon of carbon leakage, where shipowners develop a shipping network
based on non-European ports, should be regarded as key measure. From the shipowner’s
perspective, such a solution may be beneficial (good). An operational solution is the use of
OPS, which is reflected in the regulation itself (appropriate indicators). As with alternative
power supply, this is an effective method of achieving compliance, but with limited impact.
Operational solutions can also be considered less expensive compared to technical ones,
but they have limited effectiveness in improving emission efficiency and decarbonisation
effect. Mitigation tools based on optimizing speed or draft, as well as increasing awareness
among shipboard personnel, were deemed ineffective. While these solutions contribute
to increased energy efficiency (reduced energy demand), they do not significantly impact
compliance rates.

The final group of compliance measures are management solutions. Two areas are
highlighted here. The first is a comprehensive change in the company’s management phi-
losophy, which advocates for a more direct relationship between decisions and operations.
This new management model aims to shorten the decision-making process and improve
the speed and effectiveness of operations, which is intended to improve the shipowner’s
situation, also in the context of environmental requirements [12]. The second area is the
management solutions provided for in the FuelEU, like banking, borrowing and the creation
of compliance pools of vessels. They were all rated as excellent by stakeholders.
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As the above overview indicates, not all solutions for decarbonizing maritime transport
are effective in achieving compliance with FuelEU requirements. Among the available
mitigation tools, several solutions can be indicated, as presented in Figure 2.

FuelEU compliance methods

PENALTIES

LOW- ALTERNATIVE
POWER BANKING &
EMISSION (wind, solar, OPS BORROWING POOLING
FUELS
battery)

Figure 2. Structure of the basic types of the FuelEU compliance pool intermediaries. Source:
Own elaboration.

The choice of the appropriate strategy by shipowners will depend on a number of
factors, many of them external in nature, such as fuel availability or quality. Therefore,
companies should have the flexibility to carry forward any compliance surplus from one
year to the next or to borrow it in advance, within specified limits, from the following year.
In this case, it is worth considering the management solutions offered directly by FuelEU.

4.3. Fuel EU Management Strategies for Shipowners

Three management compliance strategies have been defined in the FuelEU in the
Articles 20 and 21, where the following options are provided:

e banking;
e  borrowing;
e  pooling of compliance.

These options should be viewed as flexibility mechanisms to reduce the costs of
compliance with emission standards by allowing companies to adjust their emission
streams more flexibly over time. However, it should be emphasized that this differs
from the solutions adopted in other economic sectors where emissions trading mechanisms
are implemented.

4.3.1. Banking

Banking occurs when a given ship achieves a surplus of the greenhouse gas emission
intensity during a reporting period. The company can then carry this surplus forward to the
next reporting period. The company records the surplus compliance carryover to the next
reporting period in the FuelEU database, after approval by the verifier. This mechanism
rewards early adopters of clean technologies by enabling them to offset future shortfalls,
smoothing the transition process in the face of fluctuating fuel markets and technological
advances. For banked surplus, there is no limit to the number of years the compliance can
be carried forward; however, it is subject to approval.

4.3.2. Borrowing

FuelEU borrowing is possible when a vessel reports a compliance deficiency in a given
reporting period, and the company can borrow upfront the compliance surplus in the cor-
responding amount from the next reporting period. Borrowing allows temporary shortfalls
in one year to be covered by anticipated surpluses in subsequent years. This is intended
to provide short-term relief, particularly in the event of unforeseen operational problems,
although reliance on loans increases the risk of penalties if surpluses are not achieved. The
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company can borrow upfront the compliance surplus in the amount corresponding to the
next reporting period, but must adhere to several rules:

e compliance surplus is multiplied by 1.1 (borrow rate is 10%);

e amount does not exceed 2% of the established limit;

e covers only one subsequent reporting period;

e  vessels benefiting from borrowing cannot join the compliance pool.

Both mitigation methods (banking and borrowing) allow for optimizing the decar-

bonization and energy transition process within a single company and single vessel.

4.3.3. Pooling

Pooling, the most innovative mechanism, enables multiple vessels to aggregate their
compliance results. By forming a collective “pool,” shipowners can balance over- and
under-performance across fleets, achieving compliance at a lower systemic cost. This
mechanism emphasizes collaboration, a departure from traditional individual compliance
strategies. Companies should be allowed to pool the performances of different ships, where
the one ship would compensate of other ships, provided that the total pooled compliance is
positive. It also creates a possibility to reward over-compliance and provides incentives for
investment in more advanced technologies. The benefits of pooling depend on the ability of
vessels with surplus compliance (sellers) and those with deficits (buyers) to easily transact
and form pooling arrangements. The compliance is then assessed across the entire pool
rather than looking at individual ships. This allows a cleaner ship to share any compliance
surplus with more polluting ships [66].

A ship can only be included in one pool per reporting period, and the ships must have
been compliant in the previous year [67]. Crucial element of the solution is requirement
that the pooled vessels need to be verified by the same body, even if they are controlled
by different companies. The verifier is recording the pool’s composition and allocation
of compliance.

Creating a compliance pool is therefore the most complex and simultaneously the
most potential method for mitigating emissions challenges. Importantly, pool creation is
related to the construction of a market system, where supply and demand, as well as price,
come into play. Identifying the fundamental dependencies and connections is therefore a
key element in understanding how pools operate.

4.4. Intermediaries in the FuelEU Pooling Development in European Shipping

The stakeholder structure involved in establishing a compliance pool initially com-
prises three entities: the seller of the compliance surplus, the buyer of that surplus, and
the verifier, who must be responsible for all vessels included in the pool. Executing pool
transactions requires the creation of a market in which surpluses can be bought and sold in
accordance with regulatory requirements. Pooling constitutes a compliance-based transac-
tion, and emission allowances themselves are not regulated within this framework. When
emission allowances are sold to customers, the rules fall under voluntary markets, which
typically include additionality requirements [68].

Focusing on compliance pools concluded between independent companies, three basic
transaction models can be identified:

1.  direct trade between sellers and buyers (individual transactions);
2. membership in a “superpool” (integrated transactions);
3.  transactions conducted via marketplaces.

Companies may negotiate pooling agreements bilaterally, but they often lack complete
information, or information is asymmetrically distributed. Furthermore, balancing com-
pliance may be difficult due to the limited number of suitable vessels. Another challenge
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lies in establishing the conditions and formal rules for such transactions, particularly at
this early stage of FuelEU implementation, as no established market models or standards
yet exist.

An alternative solution is participation in so-called superpools, which operate through
a centralized and closed structure. In this model, the pool manager optimizes exchange
processes while also determining prices and cost structures for participants. Shipowners
effectively delegate decision-making authority, risk, and responsibility to the pool manager.
As a result, participants experience reduced control and potentially lower financial benefits.
Superpools may be created by large shipowners with substantial compliance surpluses that
they seek to monetize efficiently [69].

The third option is participation in a marketplace, a dedicated platform where sur-
pluses are exchanged. In this case, the marketplace operator typically provides standardized
terms and conditions for transactions, along with additional support services. This model
is considered flexible and transparent, contributing to improved compliance effectiveness.
Marketplaces also serve as an important source of market information, helping stabilize
prices and increase information symmetry.

A review of available offerings, combined with consultations with representatives of
companies involved in developing compliance pools, enabled the identification of several
intermediary firms engaged in preparing, implementing, and managing FuelEU compliance
pools. These include: AHTI Climate [70], ACT Group [71], BetterSea [72], BSM [73],
CarbonLeap [74], CLdAN [75], FincoEnergies [76], Gasum [77], Hecla [78], OceanScore [79],
Prosmar [80], STX Group [81], and Zero44 [82].

However, these companies provide a diverse range of services and products, directly
or indirectly related to compliance-pool development. Accordingly, the following cate-
gories of services were identified and their implementation by individual providers verified:
administrative support (reporting), compliance forecasting and strategizing, emissions
trading, fuel supply and delivery (biofuels), IT solutions for compliance management,
vessel data collection (monitoring), new pool development, existing pool management,
transaction support (legal/financial), price monitoring, risk management, ship manage-
ment, ship ownership, and operation of trading platforms. Table 3 presents the results of
the review of individual company offerings. The analysis was qualitative and based on
publicly available information from company websites, supplemented by direct consulta-
tions and correspondence with stakeholder representatives conducted as part of individual
(shadowed) interviews.

Table 3. Scope of services/activity offered by the FuelEU compliance pool intermediaries (X—service

offered /declared).
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Administrative support (reporting) X X X X X X
Compliance forecasting & strategizing X X X X X X X
Emissions traders X X X X X
Fuel supply & delivery (biofuels) X X X X
IT solutions for compliance management X X X X X X
Vessel data collection (monitoring) X X X X X X
New pools development X X X X X X X X
Existing pool management X X X X X X X
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Table 3. Cont.
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Pool transaction support (legal/financial) X X X X X
Pool price monitoring X X X X X X
Risk management X X X X
Ship management X X
Shipowner X

X X X X

Trade platform operating

Source: Own elaboration.

The prepared reports indicate and confirm the wide variety of models of functioning
of intermediaries in the preparation and creation of compliance pools. Taking into account
the obtained results, as well as the available classifications, several specific groups of
intermediaries can be identified (Figure 3).

FuelEU Pooling Intermediaries

( \ N4 N\ N\ [ )
Sector players Marketplace
. ) Emission Advisory and | | )
( Traders IT solutions r r
Fleet-based Fuel-based Collaboration
approach approach Matchmakers platforms
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Gasum
CLdN CarbonlLeap ZERO44 AHTI Climate HECLA
ACT Group
BSM STX Group Prosmar OceanScore BetterSea
FincoEnergis
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Figure 3. Structure of the basic types of the FuelUE compliance pool intermediaries. Source:

Own elaboration.

The first distinct group of entities involved in the creation of compliance pools consists
of sector stakeholders whose operations are based either on their own fleets which form
the core of the pool or on established relationships with shipowners through the supply of
alternative fuels. In the first case, shipowners operating vessels with strong environmental
performance invite other market participants to join their pool, enabling the trading of
generated surpluses. For example, CLAN, which operates a fleet of 30 vessels including
hybrid-powered units, has established a pool centered around its own operations. The
second type of stakeholder comprises entities engaged in the distribution of alternative
fuels, particularly biofuels. Owing to their knowledge of supply-demand imbalances
and their extensive industry networks, these companies are well positioned to integrate
shipowners and their vessels into compliance pools. In this sense, participation in a pool
may be viewed as an alternative pathway to the use of low-emission fuels.

Another group of entities includes traders active in emissions markets across multi-
ple sectors (energy, automotive, transport). Drawing on their experience and proprietary
technical (IT) solutions, these companies are expanding their services to include activities
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related to FuelEU compliance pools. A key advantage of cooperating with such intermedi-
aries is their ability to consider both FuelEU and ETS requirements simultaneously, thereby
enabling comprehensive compliance optimization.

A further category of market participants indirectly supporting the creation of compli-
ance pools consists of advisory firms offering services related to monitoring, optimizing,
and forecasting emissions or compliance parameters. These entities often provide dedi-
cated software that streamlines compliance processes. Based on their expertise, they can
recommend strategic solutions, including participation in pools. However, they do not
directly engage in the creation or management of pools. This group is the most numerous,
although only selected examples are typically highlighted.

The most influential intermediaries in the establishment of compliance pools are
entities functioning as matchmakers and cooperation platforms. They operate marketplaces
for trading compliance surpluses and deficits. Matchmakers facilitate cooperation between
shipowners by creating pools (e.g., OceanScore, AHTI Pool) and providing access to
information on surpluses and shortages declared by individual shipowners through online
applications. They assist clients in identifying suitable partners but do not manage the
pools themselves. Platforms, by contrast, provide online tools that allow interested parties
to search for compatible partners, while also creating and managing their own independent
pools (e.g., BetterSea, HECLA).

Marketplaces generally rely on the independent participation of both surplus and
deficit firms. Participants retain full control over their involvement and may join dif-
ferent pools depending on their compliance needs. Transactions are conducted with
transparent pricing and verified data, ensuring clarity regarding costs. Some platforms,
however, charge transaction margins or fees (e.g., BetterSea, HECLA) or apply access fees
(e.g., OceanScore). Certain platforms also employ exclusivity agreements (e.g., HECLA),
which limit stakeholders’ flexibility in selecting partners but provide greater certainty
regarding transaction execution and compliance assurance.

Determining the proportion of the fleet that uses the compliance-pool option remains
challenging. Available information consists primarily of estimated numbers of vessels and
entities active on the platforms, with occasional duplication of reports. BetterSea reports
that 6000 vessels are registered on its platform, representing approximately 50% of the
market [83]. HECLA estimates that around 1200 vessels are active on its EU Fuel Maritime
Exchange platform [84]. OceanScore reports 2300 vessels using its marketplace [85]. It is
important to note, however, that regulations stipulate that a vessel may belong to only one
compliance pool, making it impossible to determine actual market share based solely on
platform registrations. Assuming that approximately 14,000 vessels are currently listed
in the EMSA database, the three intermediaries mentioned above collectively account
for a substantial portion of the market (around 9500 registered vessels, or roughly 68%).
Nevertheless, it remains impossible at this stage to determine how many vessels will
ultimately participate in compliance pools or how widespread this compliance pathway
will become.

As indicated, numerous configurations and pathways exist for entering or establishing
a FuelEU compliance pool. From a managerial and economic perspective, the key issues
concern the premises, conditions, and effects of participating in such a structure. Central to
this is the pool participation price, which is typically expressed in CO,-equivalent terms.

4.5. Price of Compliance in the FuelEU Pooling

The implementation of the compliance-pool strategy creates an additional market
involving sellers, buyers, and intermediaries, ultimately leading to the establishment
of a pool participation price. The price equilibrium will depend on both internal and
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external incentives. With respect to internal incentives, the balance between compliance
offers (supply) and compliance requests (demand) constitutes the core mechanism shaping
price formation.

On the supply side, the key determinant is the surplus generated by vessels. Such
surpluses may arise from the use of low-emission fuels on existing ships or from the
introduction of new vessels equipped with engines powered by green, energy-efficient, and
low-emission fuels. It must be emphasized that the progressive tightening of regulatory
thresholds (emission-saving requirements) will reduce the availability of surpluses while
simultaneously driving a substantial increase in market demand in the coming years.

As noted earlier, the simplest method of generating surplus is the use of blended fuels
containing bio-components, whether traditional blends (e.g., B30) or gaseous alternatives
(e.g., bio-LNG). In this case, the fundamental issues concern the availability of such fuels
and the price differential, i.e., the spread between conventional and green fuels. The
spread itself is shaped by market forces affecting both fossil and renewable fuels. Based
on bunker fuel prices in the Port of Rotterdam, the average spread between VLSFO and
biofuels reached USD 228 (EUR 195) between April 2024 and December 2025, increasing to
USD 340 (EUR 290) in December 2025 [61]. However, the price difference alone is not the
decisive factor; rather, the relevant metric is the cost of “saving” emissions, which requires
comparing specific fuel emission factors (gCO, /g fuel) or energy-based emission factors
(8CO, /MJ). Precise calculations depend on numerous parameters (e.g., engine type) and
the vessel’s operational profile.

Nevertheless, aggregated indicators exist that approximate the effects of using green
fuels. One example is the Compliance Market Indicator (CMI) published by HECLA. The
CMI represents the cost per tonne of CO;-equivalent saved when using B30 instead of
VLSFO to meet FuelEU requirements on a typical EU-related voyage. The estimate is based
on current fuel prices (VLSFO, B30), EUA prices, and the EUR/USD exchange rate. Thus, it
reflects the cost of compliance when biofuel (B30) is used as the primary mitigation method.
The indicator is updated weekly and stood at EUR 285 in week 51 of 2025 [86]. The inclusion
of EUA prices illustrates the interconnectedness of ETS and FuelEU compliance challenges.
It should also be noted that sourcing biofuel is not straightforward: the market is highly
opaque, small-volume purchases are difficult to price, and bunkering requires certification
to verify sustainability claims. At present, only a few ports most notably Singapore and
Rotterdam offer standardized and reliable biofuel bunkering.

A second major supply-side factor is the availability of vessels equipped with clean
alternative-fuel propulsion systems (e.g., LNG, battery /hybrid, LPG, methanol, hydrogen,
ammonia). According to DNV data [87], 2851 vessels (2.3% of the global fleet) currently
operate with alternative propulsion, representing 8.9% of global tonnage. In the global order
book, such vessels already account for 26.5% of the number of ships and 51.1% of gross
tonnage. This indicates that the number of low-emission vessels will increase, suggesting
additional surplus supply in the future. However, challenges remain, including high capital
expenditure for fleet renewal and uncertainty regarding the dominant alternative fuel of
the future. As a result, many shipowners are delaying investment decisions, which may
further intensify the role of the FuelEU compliance-pool market.

Returning to the FuelEU compliance-pool market, it can be assumed that the cost of
entering a pool (for vessels with a compliance deficit) must be lower than the applicable
penalty and should approximate the financial effect of switching to green fuels. Because
transaction values in the compliance-pool market are confidential, pricing can only be
inferred from publicly available information. In this regard, valuations published by
HECLA, OceanScore, and Gasum provide useful benchmarks.
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HECLA’s compliance-pool transaction price is based on a token system, where one
token corresponds to X tonnes of CO,-equivalent purchased from a third party on the
HECLA Market. The token value is set by the seller, who may rely on weekly market
benchmarks derived from concluded transactions and other listed tokens as primary data,
adjusting for bid—ask differences and volume-normalized orders as secondary data. Only
binding bids and orders are considered, and transactions are settled in accordance with
HECLA'’s tokenization terms. Tokenization streamlines transactions and facilitates price
monitoring. HECLA also presents token values alongside the CMI index, illustrating
available compliance alternatives. It is important, however, to distinguish between token
trading which may occur throughout the year and the establishment of compliance pools,
which typically takes place after the reporting period and before the compliance-pool
submission deadline.

A second comprehensive pricing measure is the Pool-Price Index (OPX) developed
by OceanScore. OPX uses a volume-weighted methodology to reflect real market dy-
namics. The index is based primarily on transaction values reported by users of the
OceanScore marketplace. Since the platform does not participate in transaction execution,
reporting is voluntary and not exhaustive. The OPX methodology employs a basket sys-
tem: small transactions (<1500 tonnes COye) are weighted at 70%; medium transactions
(1500-3000 tonnes) at 20%; and large transactions (>3000 tonnes) at 10%. Each transaction
is assigned to a basket, and weighted averages are combined into a single index value.
This ensures that OPX reflects actual market conditions rather than simple averages. OPX
indicates the price per tonne of CO;-equivalent purchased under pool agreements and is
published monthly, including minimum, maximum, and average allows for the identifica-
tion of the market situation from the point of view of the specific nature of the transactions
concluded. The OPX index is estimated and presented monthly.

The purchase price for a unit in the compliance pool is also presented by GASUM.
In this case, the daily purchase price per tonne of CO, equivalent is displayed on the
website. A minimum transaction value (+500 t) is also specified. A comparison of prices
and indicators published by the analyzed centers shows a relative convergence of values
(Table 4).

Table 4. FuelEU compliance pooling prices [EUR per 1 t of COse].

Company Incentive Price
Gasum Daily Price (12 December 2025) EUR 230
HECLA FuelEU Token (Week 51) EUR 238

OceanScore OPX (December 2025) EUR 222

Source: Own elaboration based on [77,86,88].

Several factors contribute to variations in transaction prices within the compliance-
pool market. The first concerns transaction size. Pooling trades are typically conducted in
two principal categories: small-scale transactions (up to 1000 tonnes) and large-scale trans-
actions (exceeding 1000 tonnes). Larger transactions are generally expected to be priced
at lower levels. However, increasing market transparency and the expansion of trading
platforms are fostering greater flexibility, which is likely to reduce the price differentials
between small and large transaction volumes over time.

A second determinant of price formation is seasonality. Compliance requirements
become more pronounced as the year progresses, with results gaining greater accuracy
toward the end of the reporting period. Shipowners who urgently need to acquire surplus
compliance units are often willing to accept higher costs. This tendency is reflected in the ob-
served dynamics of the OPX index and HECLA token valuations, and it was also confirmed
by interviewed stakeholders. Experts reported a marked increase in interest in compli-
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ance pools and even signs of mild market “panic” at the beginning of 2026. For the 2025
reporting year, compliance can be achieved only through management-based mechanisms
(borrowing or pooling), which strengthens the negotiating position of shipowners holding
surpluses and increases demand for compliant vessels, thereby exerting upward pressure
on prices. This situation is expected to intensify as the settlement deadline approaches
(end of April). Consequently, the full trajectory of price developments will only become
apparent once the reporting year concludes; at present, only preliminary indications and
potential correlations can be identified.

4.6. FuelEU Pool Implementation

Establishing a FuelEU compliance pool is generally carried out in three stages: pre-
reporting, reporting, and verification (Figure 4). In the first stage, both buyers and sellers
must assess whether a vessel is expected to meet its compliance targets. Based on these
assessments, they decide whether to purchase or sell surpluses under pooling agreements.
Negotiations typically begin before a voyage in order to evaluate the costs of alternative
options, including the potential use of more expensive sustainable fuels.

Pre-reporting period

Verification period

] [ Reporting period ]

Figure 4. Stages of compliance pool implementation. Source: Own elaboration based on [88].

During the reporting period, vessels are monitored throughout the calendar year. De-
pending on the vessel’s operational profile, the parties may agree on the type of (alternative)
fuel to be used or on how they intend to utilize the pooling mechanism

After the reporting period, during the verification stage, accredited verifiers calculate
the compliance balance for each vessel and record this value in the FuelEU database no later
than 31 March. Any discrepancies between projected and actual outcomes must be resolved
through contractual settlement. For companies participating in a pooling arrangement, a
single verifier must be appointed to allocate the aggregate compliance balance among the
vessels in the pool. In this context, verification operates on two levels: the first concerns
individual vessels (MRV level), and the second concerns the pool as a whole. A designated
verifier is appointed as part of the pooling agreement.

Before finalizing the pool, the verifier must ensure compliance with three conditions:
(1) the aggregate compliance balance of the pool is positive; (2) vessels with a compliance
deficit do not incur a greater deficit; and (3) vessels with a compliance surplus do not shift
into deficit.

5. Discussion

A key theoretical insight emerging from the research concerns the specificity of the
pricing mechanism within the FuelEU compliance-pool system. The study demonstrates
that this mechanism is considerably more complex than that of the ETS. Under the ETS,
the traded unit is a standardized “commodity” that can be freely and rapidly purchased
on an exchange. If a shipowner’s emissions increase, additional EUAs can be acquired
on the public market at the prevailing price. The terms of purchase are straightforward,
requiring no contractual arrangements. Access to allowances does not involve additional
fees, margins, or fiscal burdens. Moreover, purchases and sales are not linked to a specific
emission source (such as an individual ship), and the commodity is characterized by
high liquidity. Owing to the public nature of the market, information symmetry exists
among participants. ETS compliance is also settled at the company level, meaning that
environmental performance is automatically averaged across a firm’s fleet.
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In contrast, under the FuelEU compliance system, the traded unit is the “ship’s com-
pliance,” treated as an element of the company’s asset base. Trading and pricing are
complicated by restrictions on pool participation (one vessel may join only one pool), the
requirement to account for full life-cycle fuel emissions (well-to-wake), and the linkage
of emissions to energy intensity (M]), which limits or weakens the effectiveness of certain
mitigation measures. When compliance pools are formed externally, significant transac-
tion costs arise. These stem from limited market experience, the absence of established
standards, and restricted access to information. Additional costs result from the lack of
a clear formal framework for compliance-pool transactions at the EU level. It is worth
noting, however, that a pool may consist of multiple vessels, where one emission-efficient
vessel can ensure compliance for many others. This creates significantly greater complexity
in the planning and implementation of a compliance pool, but also significantly broader
application possibilities.

This creates an area of potential optimization in which market intermediaries play
a crucial role. Intermediaries operating in the compliance-pool market identify four key
areas of support for shipowners: (1) assistance in contract negotiation (legal and financial),
(2) provision of strategic advisory services, (3) access to relevant market information,
and (4) standardization of transactions. The development of compliance-pool platforms
(marketplaces) increases information availability and thereby reduces market prices. This
is confirmed by the incentives analyzed and by stakeholder feedback obtained during
interviews. Expert opinions also indicate a high level of compliance surplus in the market,
which should stabilize and reduce prices over time.

From the shipowner’s perspective, a compliance-pool strategy primarily serves to
avoid penalties and reduce compliance costs, both within the internal fleet and through
external transactions. It also provides an additional revenue stream for operators with
surpluses. The factors determining the amount of surpluses are, on the one hand, previous
strategic decisions regarding the purchase and use of low-emission fuels (biofuel), as well
as those relating to already implemented investments in emission-efficient drives (LNG). In
the longer term, pooling generates savings that can be allocated to future fleet investments
(alternative fuels and power) by extending the decision-making horizon. This is particularly
important given the current uncertainty surrounding the future development of alternative
fuels in maritime transport. Thus, the ability to sell compliance surpluses creates financial
incentives for innovation and investment in clean technologies. Another advantage is risk
mitigation: diversification across vessel types and routes helps protect against operational
uncertainties such as fuel availability and price volatility.

Pooling, however, is not a flawless solution. Effective operation requires transpar-
ent management structures and comprehensive legal agreements, which is especially
important given the unclear division of responsibilities between shipowners and tech-
nical managers [89]. Because pooling arrangements are planned annually, the system
is inherently vulnerable to fluctuations in the price of sustainable fuels and to potential
regulatory changes, both of which may undermine pool profitability and negatively affect
individual participants.

Considering the political aspect, it is worth noting the lack of regulations regarding
formal guidelines for pools at the European Commission level. This particularly applies
to the relationship between the shipowner, technical manager, and charterer. It has been
suggested that technical ship managers may be considered “shipping companies” within
the meaning of FuelEU; however, they are not required to register, hold no financial
instruments, have no settlement mechanism, and are not required to provide a formal
letter of authorization. In this context, contractual arrangements play a decisive role,
so appropriate advice and the development of “market standards” are essential. It can
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therefore be argued that intermediaries play a significant role here, whose key responsibility
is to advise, assess, and support the actions undertaken by stakeholders. The allocation
of management responsibilities within pooling arrangements also remains a fundamental
challenge. Defining which party controls compliance obligations is crucial. A lack of clarity
can result in enforcement actions having a disproportionate impact on certain stakeholders,
particularly shipowners, who are ultimately liable under EU law. On the other hand,
a certain level of discretion, considered information asymmetry, can lead to additional
benefits for market players who quickly adapt to changing conditions.

6. Conclusions

This article presents an attempt to comprehensively examine the vessels pooling
phenomenon introduced into the European Union transport market through the FuelEU
Maritime Regulation. This regulatory development, aligned with broader decarboniza-
tion and energy-transition objectives, poses a significant challenge for shipowners, the
transport system, and the EU economy. Effective use of available mitigation tools, par-
ticularly during the transition period, therefore, becomes a critical factor in enabling the
intended transformation. Until now, market-based measures such as banking, borrow-
ing, and pooling have remained in the shadow of in-depth analysis of technical and
operational solutions.

Referring to the initial elements of the study, the research addressed the first two
questions (Q1, Q2) by identifying the key premises and conditions governing the partic-
ipation of shipping companies in FuelEU compliance pools, as well as the fundamental
factors and interdependencies likely to shape future transaction prices. Among these,
the price differential between conventional and low-emission marine fuels, the level of
penalties, and the cost of emission allowances appear to be particularly influential. Another
significant challenge is the availability of alternative fuels in seaports, which is caused by
the production capacity in Europe and the distribution facilities existing in ports.

Similarly, the analysis clarified the principal tasks and roles of intermediaries in the
FuelEU compliance-pool market (Q3). On this basis, the study proposed a typology of
intermediaries, highlighting the growing importance of trading platforms (marketplaces)
designed to streamline and facilitate pool-related transactions. It may be assumed that the
digitalization of pool development will reduce transaction costs and enhance transparency.

The final research question, however, cannot yet be fully answered due to the absence
of reliable information on the number and scope of pools currently being established.
Market reports and stakeholder interviews suggest a very high level of participation
(67% of reported vessels are present on the analyzed pooling platforms), but these figures
cannot be independently verified. Consequently, it was not possible to confirm the hy-
pothesis that compliance pools will become the dominant strategy for achieving FuelEU
compliance. However, considering the specific nature of the solution, where there may be
many vessels within the pool, as well as the significant ease of its use, as it does not require
technical or operational actions, the wide application of the measure is highly probable.

The implementation of this study resulted in several tangible deliverables. First, the
research mapped the relationships among EU regulations governing decarbonization and
energy transition in maritime transport. A detailed review of five key EU-level regulations
was conducted, and a conceptual model illustrating their interconnections was developed.
In addition to identifying complementarities, the analysis highlighted important differences
in regulatory requirements. Shipowners’ actions must therefore be comprehensive, as they
are required to implement different regulatory assumptions. Therefore, intermediaries
creating FuelEU pools should consider a much broader scope of regulations, with ETS
requirements being key. Second, the study provided a comprehensive assessment of the
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effectiveness of decarbonization measures in relation to FuelEU. Mitigation tools were
categorized and their effectiveness evaluated using available literature, dedicated reports,
and eleven semi-structured interviews supported by a supplementary survey. Third, the
research produced a validated categorization of intermediaries in the compliance-pool
market, identifying at least six distinct intermediary types. Finally, the study described the
methods used to calculate benchmark compliance prices within FuelEU pools, clarifying
the factors that determine price levels and thereby facilitating assessments of current and
future market conditions.

A key challenge encountered during the research process was the limited availability
of information regarding the specifics and scope of pooling-strategy implementation. This
limitation stems from two fundamental factors. First, FuelEU compliance pools are being
created for the first time, as the tightened energy-efficiency and emissions requirements
will only enter into force in 2025. As a result, both market experience and practical
information remain scarce. Stakeholders are still learning to navigate the new system,
meaning that observed phenomena such as price fluctuations may be temporary. Second,
the confidentiality of pooling transactions restricts access to contractual details and actual
market prices. The first comprehensive global data are expected to become publicly
available only after the conclusion of the 2025 reporting period. EMSA is anticipated
to publish information on the basic parameters of compliance pools in mid-2026. Only then
will it be possible to directly assess the extent to which the compliance-pool strategy has
been implemented in the European shipping market.
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Abbreviations

The following abbreviations are used in this manuscript:

AFIR Alternative Fuels Infrastructure regulation
CAFE Corporate Average Fuel Economy
CCS Carbon Capture and Storage

(@] Carbon Intensity Indicator

DCS Data Collection System IMO

DNV Det Norske Veritas

EEA European Economic Area

EEDI Energy Efficiency Design Index

EEXI Energy Efficiency Existing Ship Index
EGD European Green Deal

EMSA European Maritime Safety Agency
ETS European Trade System

EU European Union

EUA European Union Allowances

FTD Fuel Taxation Directive
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FuelEU FuelEU Maritime Regulation

GHG Greenhouse Gases

IMO International Maritime Organization

LNG Liquified Natural Gas

MPEC Marine Environment Protection Committee (IMO)
MRV Monitoring, Reporting and Verification Regulation
NZF Net-Zero Framework IMO

OCCs Onboard Carbon Capture and Storage

oPs Offshore Power Supply

OPX OceanScore Pool-Price Index

RED Renewable Energy Directive

RFBNO Renewable fuels of non-biological origin

SEEMP Ship Energy Efficiency Management Plan

VLSFO Very Low Sulphur Fuel Oil
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