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A B S T R A C T

This study conducts a comprehensive analysis of the potential and legal challenges of applying the polluter-pays 
principle (PPP) as an alternative strategy for reducing greenhouse gas (GHG) emissions from shipping. An 
extensive literature review is initially carried out to establish the theoretical basis, and a subsequent question
naire survey was conducted to collect insights and concerns from industry stakeholders regarding both the 
current International Maritime Organisation measures and the potential challenges of applying the PPP in the 
context of GHG emissions from shipping. The results demonstrate the stakeholders’ concerns regarding shipping- 
related GHG emissions, and perspectives about the potential for the PPP to be applied as a regulatory tool to 
address GHG emissions from shipping. However, alarms about several practical issues are also raised, including 
the necessity for considering the Beneficiary Pays Principle when identifying polluters. The findings provide 
informed recommendations for employing the PPP for its regulatory influence on mitigating shipping GHG 
emissions, as well as the pollution law in a broader context.

1. Introduction

In 1992, United Nations Framework Convention on Climate Change 
(UNFCCC) established the guiding objective of stabilising greenhouse 
gas (GHG) concentrations in the atmosphere at a level that prevents 
detrimental anthropogenic interference with the climate system 
(UNFCCC, 1992). The 1997 Kyoto Protocol reaffirmed the UNFCCC 
principle (Kyoto Protocol, 1997). The 2015 Paris Agreement was then 
adopted with an overarching aim of keeping ‘the increase in the global 
average temperature to well below 2◦C above pre-industrial levels’, 
while also striving to ‘limit the temperature increase to 1.5◦C above pre- 
industrial levels’ (Paris Agreement, 2015).

Shipping is essential for global trade, carrying over 80% of the 
world’s commodities by volume, and contributing to global anthropo
genic GHG emissions (UNCTAD, 2025). Statistics estimated by the In
ternational Maritime Organisation (IMO) show that shipping accounts 
for around 3% of global annual GHG emissions (Faber et al., 2020). As 
maritime trade continues to expand, shipping-related GHG emissions 
are expected to increase even more significantly. The IMO has adopted a 
series of technical and operational measures for reducing GHG emissions 
from shipping. However, debates continue over the adequacy and 
effectiveness of the existing measures, particularly concerning their 

potential to contribute effectively to achieving the net-zero target by or 
around 2050 (Zhang and Feng, 2024; Shi, 2016). In April 2025, the 
milestone Net-Zero Framework was endorsed at the 83rd session of the 
Marine Environment Protection Committee (MEPC 83), which is ex
pected to significantly advance the progress towards achieving the 
reduction goal. However, adoption of this framework will be postponed.

There have been extensive studies on both topics – namely, the 
Polluter-Pays Principle (PPP) and the control of GHG emissions. Origi
nally conceived as an economic principle to internalize external costs, 
the PPP is now widely recognized and is often designed to require 
identifiable polluters to bear the costs of their environmental harm they 
cause (de Sadeleer, 2020). Similarly, legal and policy measures have 
been implemented to operationalize the PPP in order to prevent and 
remedy ship-source pollution at multiple regulatory levels. Preventive 
measures include permits, emission limits, and charges, while curative 
approaches typically impose civil liability and compensation for envi
ronmental damage (Grossman, 2007; Zhu and Zhao, 2015). Interest
ingly, studies have increasingly acknowledged the potential of applying 
the PPP to marine GHG emissions, thereby incentivizing emitters to 
reduce emissions and compensate affected parties (Zhu and Li, 2025). 
The PPP underpins IMO’s discussions regarding GHG control in ship
ping, notably through market-based measures (MBMs) such as carbon 
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taxes and emissions trading systems (ETS), which require polluters to 
bear the costs associated with the damage caused by their activities. 
Despite these developments, there remains a lack of comprehensive 
analysis regarding the theoretical foundations and practical imple
mentation of the PPP in the context of GHG emissions from shipping. 
Furthermore, empirical research exploring the perspectives of key 
stakeholders on the application of PPP in this sector is notably scarce.

Therefore, this study aims to fill the research gap by conducting an 
in-depth analysis of the application of the PPP and assess its feasibility as 
an alternative strategy for reducing GHG emissions from shipping. Based 
on this aim, the following two research questions will be addressed: 

(1) What are the current measures, and how do the mechanisms 
based on PPP compare to these mechanisms?

(2) What are the potential benefits and difficulties of applying the 
PPP in the shipping sector?

Accordingly, this study is organised into six sections. Following this 
Introduction, Section 2 outlines the research approach and methodolo
gies. Section 3 presents the findings from the comprehensive literature 
review, and Section 4 presents the survey results. Section 5 provides in- 
depth discussions on the potential and challenges of applying the PPP. 
Finally, Section 6 concludes the article.

2. Research method

This research mainly employs two research methods: literature re
views and a questionnaire survey. It begins with a comprehensive and 
systematic literature review. As a critical research method, literature 
review is highly effective in synthesizing fragmented knowledge, iden
tifying significant research gaps, and guiding future scholarly inquiry 
(Snyder, 2024). This method plays a crucial role in our study by 
providing evidence-based assessments of existing research related to the 
questions we aim to examine. Specifically, this review systematically 
evaluates the efficacy of current IMO measures on shipping decarbon
ization, highlighting their limitations and inadequacy. These limitations 
further underscore the need for a study on the application of PPP as an 
alternative or supplementary strategy for controlling GHG emissions 
from shipping. Additionally, employing the literature review method
ology allows us to investigate the application of the PPP within both the 
broader regulatory framework and the specific context of GHG emis
sions from shipping.

When designing the questionnaire survey, we invited relevant 
stakeholders to share their perspectives on the research questions. This 
empirical method enabled us to gather insights from industry stake
holders. The questionnaire includes single- and multiple-choice ques
tions, 5-point Likert scales and open-ended questions, and was designed 
to be completed in approximately 10–15 min. We selected over 100 
potential participants from a shipowners’ association membership list 
and the directory of shipping and insurance companies issued by the 
Hong Kong government. Selecting participants from Hong Kong was 
motivated by the region’s proactive efforts to achieve the Paris Agree
ment’s goals, its commitment to IMO emissions reduction targets, and its 
innovation in green shipping (Marine Department, Hong Kong, 2024). 
The questionnaire distribution and data collection process were pri
marily conducted via email, included a detailed description of the sur
vey, a link to the online questionnaire and a QR code for mobile 
accessibility. After receiving the responses, we analysed the quantitative 
data via descriptive statistics, using Microsoft Excel and Python. The 
empirical study was conducted ethically in accordance with the Insti
tutional Review Board of the authors’ institute.

3. Literature review

We primarily used ScienceDirect as the main database to collect, 
summarise and categorise the findings of previous research. In addition, 

Scopus and Google Scholar were used as supplementary sources to 
ensure the robustness of the results. According to the objectives of this 
study, we employed a multi-layered keyword approach to identify the 
landscape of current research and divided the literatures into three main 
categories. Firstly, we gathered research on the current IMO measures 
by using various combinations of keywords such as ‘GHG emissions from 
shipping’, ‘IMO technical measures’, ‘IMO operational measures’, ‘mid- 
term measures’, and ‘Net-Zero Framework’. Our search results from 
ScienceDirect indicate a significant volume of literature addressing 
IMO’s existing strategies, with queries for IMO’s ‘technical measures’ 
and ‘operational measures’ yielding 329 and 529 results, respectively. 
However, forward-looking topics such as the ‘Net-Zero Framework’ 
remain under-researched, returning only 25 results. Secondly, in 
reviewing the PPP, a general search for the ‘polluter-pays principle’ 
produced 3,822 results. To capture the evolution of the PPP and its 
various functions in addressing environmental harm, we then combined 
the keywords ‘polluter-pays principle’, ‘ex-post approach’, ‘curative 
function’, and ‘preventive function’, which narrowed the results to 
around 330. Thirdly, we reviewed literature applying the PPP specif
ically in the context of GHG emissions from shipping. A search 
combining the keywords ‘polluter-pays principle’ and ‘GHG emissions’ 
yielded 599 results. However, when the keywords ‘polluter-pays prin
ciple’, ‘GHG emissions’, and ‘shipping’ are combined, the number of 
results dropped sharply to only 103 publications. The significant decline 
in search results for PPP in the maritime context quantitatively confirms 
the research gap: a lack of feasibility studies on applying the PPP to 
control GHG emissions from shipping. The final selection of publications 
was based on several key criteria to ensure the rigor and relevance of our 
analysis. These criteria included: (1) the alignment with the study’s aim 
and research objectives; (2) the reputation and ranking of the relevant 
journal; and (3) the demonstrable expertise and contributions of the 
authors in the field. Furthermore, official websites, notably that of the 
IMO, were consulted to incorporate the most current and relevant up
dates on the topic. This multi-faceted approach to source selection 
strengthens the validity and comprehensiveness of our literature 
review.1

3.1. IMO measures

In 1973, the International Convention for the Prevention of Pollution 
from Ships (MARPOL) was adopted to regulate marine pollution (IMO, 
1973). In 2011, amendments to Annex VI in the MARPOL 73/78 intro
duced the first legally binding measures to reduce marine GHG emis
sions (IMO website, 2021). The Amendments added a new Chapter 4 to 
Annex VI, which includes Energy Efficiency Design Index (EEDI) and 
Ship Energy Efficiency Management Plan (SEEMP). In 2018, IMO 
adopted the Initial GHG Strategy, intending to reduce international 
shipping’s annual GHG emissions by at least 50% by 2050 from 2008 
levels (IMO, 2018). In 2023, the IMO updated this strategy with more 
ambitious goals, including achieving net-zero GHG emissions by or 
around 2050 and reducing emissions from 2008 levels by at least 20% by 
2030 and 70% by 2040 (IMO, 2023a). Additional short-term measures 
were implemented in 2023 such as the Energy Efficiency Existing Ship 
Index (EEXI) and the Carbon Intensity Indicator (CII) to enhance energy 
efficiency and operational carbon intensity. However, data and pro
posals from member states highlighted gaps and challenges in these 
measures (IMO website, 2024b).

The effectiveness and limitations of these measures, and their impact 
on decarbonising the shipping industry are widely investigated in 
academia (for example, (Balcombe et al., 2019; Bouman et al., 2017; 
Dewan and Godina, 2024; Lagouvardou et al., 2020; Lee, 2024; Rauca 

1 The literature review was conducted in two stages: an initial round was 
completed in February 2025, followed by a comprehensive update that 
included publications up to 3 January 2026.
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and Batrinca, 2023). Smith et al. (2016) projected a mere 3% reduction 
in GHG emissions by 2050 with EEDI compliance. Shi (2016) and Shi 
and Gullett (2018) highlight that while EEDI and SEEMP are mandated, 
they are insufficient on their own to mitigate GHG emissions, which are 
expected to rise with global trade growth, and must be supported by 
broader market practices and enhanced technical capacity. Smith et al. 
(2016) projected a mere 3% reduction in GHG emissions by 2050 with 
EEDI compliance. Recent regulations require all ships to calculate their 
EEXI. While EEXI aims to enhance energy efficiency, its design allows 
owners to comply by implementing power limits rather than by adopting 
advanced energy efficiency technologies (Maersk Zero Carbon Shipping, 
2022). Since many ships already operate below maximum speeds and 
power, EEXI may not significantly encourage the use of more efficient 
technologies or substantially reduce emissions compared to current 
operations). CII evaluates carbon performance based on cargo volume 
and voyage distance, assigning efficiency ratings to vessels. Wang et al. 
(2021) note that improved CII ratings do not always equate to actual 
reductions in CO2 emissions, suggesting a need for a revised CII frame
work. Rauca and Ghiorgh (2023) highlights CII accuracy relies on pre
cise operational data, and discrepancies can undermine its effectiveness. 
A review of the IMO’s short-term GHG measures considering such gaps 
and challenges is underway, and an assessment of the effectiveness of CII 
and EEXI will be completed by 1 January 2026 (IMO website, 2023; 
IMO, 2023b).

IMO member states further considered mid-term measures in the 
2024 MEPC 81 (IMO website, 2024a), including a global goal-based 
marine fuel standard and a pricing mechanism (IMO, 2023a). In April 
2025, the MEPC 83 approved the IMO Net-Zero Framework for global 
shipping, incorporating candidate mid-term measures into Chapter 5 of 
Annex VI of MARPOL (IMO, 2025). The Framework was recognised as a 
historic milestone in maritime decarbonisation (Maersk Zero Carbon 
Shipping, 2025). However, it has faced doubts and criticisms. For 
example, the Clean Shipping Coalition argued that it falls short of the 
actions needed to align with the Paris Agreement’s 1.5◦C goal (Bush, 
2025a). Additionally, many key details such as how the revenue will be 
distributed still need to be finalised. Maersk also noted that multiple 
factors remain unaddressed (Bush, 2025b). The Framework was initially 
planned to be finalised by the MEPC in October 2025, with detailed 
implementation guidelines for approval in Spring 2026 at MEPC 84 
(IMO website, 2025). However, the MEPC (MEPC/ES.2) has now 
decided to push back the adoption of Net-Zero Framework to October 
2026, creating significant uncertainty for the entire shipping industry.

3.2. Polluter-pays principle

The PPP was initially introduced as an economic principle of cost 
allocation, rooted in the theory of externalities (de Sadeleer, 2020). 
English economist Pigou (1932) proposed a solution to address exter
nalities, intending to incentivise polluters to take responsibility for the 
external costs generated, which is known as ‘internalisation of external 
costs’ (Munir, 2013). Internalisation is established when all relevant 
costs are covered by the polluter, reflecting the true cost of production in 
the market price of goods (de Sadeleer, 2020). The PPP was then first 
formally introduced at the international level by the Organisation for 
Economic Co-operation and Development (OECD) in 1972. The OECD 
document officially recommended the PPP as a ‘Guiding Principle’ and 
‘… to be used for allocating costs of pollution prevention and control mea
sures….’ (OECD, 1972). Over the decades, the OECD Council has 
intensively worked to interpret and develop the PPP, which has evolved 
from an economic principle into a compreshensive legal and regulatory 
principle involving liability distribution for environmental damage (de 
Sadeleer, 2020; OECD, 1992), recognised by the OECD in 1992 (OECD, 
1992).

Scholars have extensively analysed the PPP’s transformation from an 
economic guideline to a legal principle. Notably, de Sadeleer (2020), 
Bleeker (2009), Luppi et al. (2012), Zhu (2023) and Zhu and Li (2025)

collectively argued that the PPP has evolved beyond its original role as a 
mere economic rule to become a legal principle. Bugge (1996) charac
terises the PPP as an ‘economic principle focusing on efficiency’, and a 
‘legal principle’ concerned with just cost distribution. While emphasis
ing the economic rationale of the PPP in terms of efficiency, Bleeker 
(2009) further contextualised its legal dimensions, indicating that it 
embodies the equity or fairness principle under common law, which 
operationalises fairness in the allocation of responsibility for environ
mental harm by distributing pollution costs to the polluter rather than 
innocent third parties. De Sadeleer (2020) further identifies four main 
functions of the PPP, providing a valuable theoretical foundation for 
understanding its application: First, the economic integration function, 
which is in line with the 1972 OECD recommendation (OECD, 1972), 
aims to prevent distortions in international trade and investment by 
prohibiting state aid and ensuring polluters bear the costs of pollution. 
Second, the redistribution function channels a portion of polluters’ 
profits to public authorities to support regulatory activities. Third, the 
preventative function seeks to deter pollution by internalising costs 
beforehand, encouraging emission reduction through economic in
centives rather than simply paying fees. Fourth, the curative function 
involves environmental liability under civil law, ensuring ex-post 
redistribution and comprehensive damage repair, including residual 
harm. Luppi et al. (2012) add that governments may have joint-and- 
several liability for environmental damage, enabling them to pursue 
subrogation actions against polluters. Aragão (2022) emphasised mul
tiple dimensions of the PPP’s ecological justice including retributive, 
restorative, distributive and preventive justice.

3.3. PPP and control of GHG emissions from shipping

Extensive literature has examined the application of the PPP across 
diverse sectors, including agriculture, energy and aviation, as a means to 
internalize environmental externalities and incentivize polluters to 
reduce emissions (e.g., Tobey and Smets, 1996; Goulder and Parry, 
2008; Stavins, 2008; Nwosi and Kokpan, 2023). With the growing 
recognition of the normative significance of the PPP, scholarly discourse 
has increasingly explored its potential to address ship-source pollution. 
Studies have argued that the PPP has been incorporated into the regu
lation of ship-sourced pollution. For example, Gauci (1999) and Mason 
(2002) demonstrated that liability regimes for oil pollution have adop
ted the PPP, manifested through strict liability mechanisms backed by 
compulsory insurance. These mechanisms ensure that those responsible 
for pollution bear the financial costs of remediation and compensation. 
Zhu and Zhao (2015) assessed the feasibility of applying the PPP to ship- 
source pollution in Hong Kong, and highlighted the evolving nature of 
environmental liability in transnational contexts. Their analyses 
demonstrate the PPP’s potential role in supporting the liability and 
compensation regime for marine pollution.

More recently, the potential of the PPP in mitigating GHG emissions 
from shipping has attracted increasing attention. Shi and Gullett (2018)
showed that IMO MBMs, such as carbon levy and ETS, are designed to 
provide economic incentives for shipowners and operators to reduce 
their GHG emissions, thereby aligning with the PPP. Zhu (2023) dis
cussed the application of the PPP in marine GHG control, emphasizing 
that polluters should be financially liable for all costs associated with 
reducing, preventing, or eliminating pollution. Despite its theoretical 
appeal and potential benefits, the practical implementation of the PPP 
can be challenging due to its often vague and broad formulation. Zhu 
(2023) identified several practical and significant uncertainties, 
including three essential issues regarding the application of the PPP: 
who qualifies as a polluter, what pollution damage should be compen
sated, and how payment should be made. Zhu and Li (2025) provided an 
in-depth analysis of the primary issue of identifying polluters.

Therefore, from a theoretical perspective, the PPP may be considered 
as a viable alternative for addressing issues related to GHG emissions 
from shipping for several reasons. First, it holds polluters accountable 
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for environmental harm and incentivizes potential emitters to reduce 
pollution by instilling accountability concerns (Zhu and Li, 2025). Sec
ondly, the PPP offers a comprehensive approach for addressing GHG 
emissions. It facilitates the internalization of pollution costs from an 
economic perspective and is a legal foundation for addressing gaps that 
may emerge in the pollution liability mechanism, ensuring that those 
harmed by polluting activities receive adequate compensation. Thirdly, 
the PPP may be implemented through either international conventions 
or domestic legislation and policies, establishing standardised yet flex
ible mechanisms.

Despite the theoretical analysis highlighting the significant role that 
the PPP may play in addressing GHG emissions from shipping, it is 
crucial to consider stakeholders’ perspective. The application of the PPP 
could impose additional burdens on these stakeholders; however, cur
rent research rarely addresses this aspect.

4. Survey and the main results

The questionnaire was structured into four parts, aiming to evaluate 
participants’ understanding of GHG emissions from shipping in general, 
the adequacy of current IMO measures, the scope and implications of the 
PPP, and the potential and challenges of applying the PPP to reduce 
GHG emissions. After three rounds of email outreach, we received 22 
completed and effective survey forms, resulting in a response rate of 
20%. Although this response rate may seem not ideal, it indicates that 
the opinions expressed by those who participated are particularly sig
nificant. All 22 respondents held upper-middle-level positions in their 
organisations, and the majority had extensive professional experience, 
with over 10 years in the shipping industry. This background contributes 
to the quality and reliability in the responses received, providing valu
able insights into the study’s focus. Moreover, response rates among top 
executives are typically lower than those of other populations due to 
factors such as time constraints and concerns about confidentiality 
(Cycyota and Harrison, 2006).

Part I of the questionnaire collected participants’ basic information. 
The majority are involved in dry bulk shipping (64.7%), followed by oil 
and gas tankers (41.2%). Additionally, some respondents (17.7%) are 
engaged in both bulk carriers and tankers. The smallest groups consisted 
of those focused solely on container shipping or ship management, each 
representing 5.9%. Furthermore, Protection and Indemnity clubs or in
surance companies accounted for 22.7% of respondents.

Part II assessed participants’ understanding and perceptions of GHG 
emissions to gauge their awareness and attitudes towards the issue. Four 
questions were designed, Question 2.1 asked respondents to what extent 
they agree that shipping contributes to global GHG emissions and 

climate change. Questions 2.2 and 2.3 were yes/no questions evaluating 
respondents’ awareness of current shipping emission levels and future 
trends. In addition, Question 2.4 asked respondents to identify factors 
influencing the amount of GHG emissions from shipping activities. Re
sults show that respondents generally agree on the impact of the ship
ping industry on global GHG emissions and climate change, with an 
average score 3.73. Moreover, 95.5% of respondents are highly aware of 
the shipping industry’s contribution − around 3% − to global GHG 
emissions. Additionally, 77.3% recognize projections that shipping 
emissions could reach 90% to 130% of 2008 levels by 2050 (Faber et al., 
2020), indicating strong awareness of both current and future emission 
trends within the industry. For factors influencing emissions (Question 
2.4, Fig. 1), ‘Types of fuel used to power the vessel’ and ‘Engine effi
ciency’ are most frequently selected (95.5%), followed by ‘Speed of the 
vessel’ and ‘Quantity of fuel used to power the vessel’ (86.4%). All re
spondents made their own suggestions in the ‘other’ option, identifying 
a variety of influencing factors. Operational concerns included voyage 
planning, the ratio of operation time to total time, port operation and 
waiting times. Technical factors included resistance to the vessel in 
water such as ice conditions, hull fouling, hull cleanliness and engine 
retrofitting. Additionally, other factors include world trade volume, 
trade pattern and weather during the voyage. These responses highlight 
the complexity of reducing shipping emissions, involving technology, 
operations and external environment factors. Overall, in Part II, re
spondents demonstrated strong awareness of shipping’s role in global 
GHG emissions and its future impact.

Part III explored participants’ perspectives on the effectiveness and 
relevance of current IMO technical and operational measures. In this 
part, respondents were asked to evaluate the adequacy of the IMO’s 
existing technical and operational measures. This part used a five-level 
scale from ‘Very adequate’ to ‘Not adequate at all’, grading ‘Very 
adequate’ with 5, ‘Adequate’ with 4, ‘Neutral’ with 3, ‘Not very 
adequate’ with 2, ‘Not adequate at all’ with 1. Question 3.1 addressed 
the adequacy of technical measures. The average grade was 3.41, indi
cating a generally positive assessment of the IMO’s technical measures. 
However, 36.4% of respondents chose ‘Neutral’, reflecting a cautious 
stance. The combined percentage of those who chose ‘Not very 
adequate’ and ‘Not adequate at all’ was 13.6%, indicating that a mi
nority were critical of and concerned about the existing measures. 
Question 3.2 asked participants to evaluate the operational measures 
adopted by the IMO to reduce GHG emissions. The average score was 
3.36, indicating a generally positive assessment of the IMO’s operational 
measures. It is worth noting that 36.4% respondents selected ‘Neutral’ 
and a minority of respondents (18.2%) selected ‘Not very adequate’. It is 
important to noted that while the results show that respondents’ attitude 

Fig. 1. Respondents’ understanding of the factors that may influence the amount of GHG emissions from shipping activities.
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toward IMO’s technical and operational measures are generally positive, 
a considerable number remain neutral or critical, demonstrating con
cerns regarding the effectiveness, implementation, and capability of 
IMO measures to drive substantial emissions reductions.

Part IV represents the most significant contribution of this study, as it 
delves into the participants’ understanding of the PPP in addressing 
GHG emissions from shipping. We firstly examined the participants’ 
level of understanding of the feature and implications of the PPP. Sub
sequently, this part is divided into two sub-parts. The first included six 
questions to assess respondents’ in-depth understanding of the PPP in 
addressing GHG emissions from shipping, and the second sub-part 
included two open-ended questions to capture more nuanced perspec
tives and suggestions.

4.1. General understanding of the PPP

Question 4.1 assessed participants’ understanding of the PPP. The 
results indicate that most respondents (77.3%) understood the core 
features of the PPP, recognising its aim to enable polluters to compen
sate for environmental damage. Merely fewer respondents even 
demonstrated a deeper understanding of the PPP as an economic prin
ciple (45.5%) to internalize external cost and legal principle (36.4%) for 
the distribution of liability for the cost of pollution, suggesting that 
while the basic idea is widely recognized, its broader implications are 
less well understood. Question 4.2 sought respondents’ perspectives on 
the potential roles of the PPP, and the frequency of each option is 
illustrated in Fig. 2. The results reveal that the PPP was widely recog
nised for its crucial influence on promoting investment in green shipping 
(90.9%) and driving the industry’s green transformation (81.8%), and 
54.5% of participants noted the PPP’s potential to deter polluting be
haviours. However, only 40.9% recognised its role in allocating liabil
ities for pollution damage. The relatively high percentage of ‘Other’ 
responses (45.5%) indicates diverse perspectives on the role of the PPP, 
with one respondent highlighting its potential to promote market 
mechanisms through pricing. The results shows that respondents 
consider the PPP to be highly valuable for advancing green trans
formation and emissions reduction in shipping.

After evaluating respondents’ basic understanding of the PPP, 
Question 4.3 sought their opinions on the extent to which they agreed 
that the PPP could serve as an alternative or supplementary approach to 
mitigating GHG emissions from shipping. The survey used a five-point 

Likert scale to measure responses. As shown in Table 1, the average 
score was 3.59, indicating strong acceptance of the PPP as a viable 
method for reducing GHG emissions, with overall attitudes leaning to
wards ‘support’. Notably, 63.6% of respondents chose ‘Agree’ or 
‘Strongly agree’, demonstrating widespread recognition of the PPP’s 
potential. Although only 9.0% (2 respondents) opposed its potential, 
which still indicates that the PPP’s specific implementation and effec
tiveness warrant further exploration and validation. The Std. deviation 
is 0.91, indicating that the responses were fairly consistent and show 
limited variation.

Subsequent sections of the questionnaire were divided into Part IV-I 
and Part IV-II. Respondents who selected ‘Strongly agree’ or ‘Agree’ in 
the aforementioned Question 4.3 were directed to Part IV-I, which 
included a detailed survey on the PPP’s application. Those who were 
‘Neutral’, ‘Disagree’ or ‘Strongly disagree’ were directed to Part IV-II to 
provide their own thoughts. Consequently, 19 participants completed 
the questions in Part IV-I. Part IV-II comprises two questions, each of 
which received 9 comments.

4.2. Details of the PPP’s application

Part IV-I included six sub-questions that aimed at exploring specific 
factors related to the application of the PPP. SQ1 used a multiple-choice 
format to gather respondents’ views on the factors to consider when 
identifying the polluter. The result indicates that decision-making au
thority over fuel type and quantity (78.9%) and vessel speed (73.7%) 
were the most frequently recognized. The causal link between activity 
and pollution was chosen by 57.9% of respondents. The ‘Other’ option 
was selected by 89.5%, with 63.2% (12 respondents) choosing it without 
further clarification, indicating cognitive ambiguity among some par
ticipants. Five respondents proposed advanced standards, three of which 
suggested that the shipping service beneficiary should be identified as 
the polluter, aligning with the Beneficiary Pays Principle (BPP), which 
we explore further in Section 5.

We then asked participants which specific stakeholders should be 
considered polluters under the PPP. The results are included in a heat
map (SQ2, Fig. 3) to illustrate the frequency of co-selection between 
options and the strength of associations. The X and Y axes in the heat
map list all options, with cell values representing the frequency of re
spondents selecting both options. The heatmap employs a gradient color 
scale where the intensity of the blue color corresponds directly to the 

Fig. 2. Respondents’ understanding of the roles the PPP.
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frequency count. A deeper blue indicates a higher selection frequency, 
and a lighter blue signifies a lower frequency. The diagonal values show 
the total number of times each option was selected. In Fig. 3, Shipowners 
were selected most frequently (13 times), followed by Time Charterers 
(12 times), Shippers (11 times), Consignees (10 times) and Voyage and 
Demise Charterers (10 times). Shipowners and Demise Charterer, 
Shipowner and Time Charterers, Shippers and Consignees and Voyage 
Charterers and Time Charterers were frequently co-selected, with 9, 9, 9 
and 10 instances respectively, indicating they are often viewed together 
as polluters. Notably, the frequent co-selection of Shippers and 

Consignees (9 times) indicates support for extending responsibilities to 
indirect parties/non-operators, which may be consistent with the ideas 
under the BPP discussion. This will be discussed further in the next 
Section. In the ‘Other’ category, some respondents suggested that the 
responsibility could be extend to all stakeholders or even the general 
public.

Considering the complexity of identifying a polluter and the multiple 
parties that can be involved, SQ3 asked respondents’ view on the lia
bility rules when multiple parties are recognised as polluters or when 
other parties bear responsibilities. The most favoured option was 

Table 1 
PPP could serve as an alternative or supplementary approach.

Strongly agree Agree Neutral Disagree Strongly disagree Average

Numbera 2 12 6 1 1 ​
Percentage (%)b 9.1 54.5 27.3 4.5 4.5 ​
Gradec 5 4 3 2 1 ​
Std.d ​ ​ ​ ​ ​ 0.91
Averagee ​ ​ ​ ​ ​ 3.59

a. Number of respondents.
b. Proportion of respondents.
c. Grade based on quantifying the assignments for each option Strongly agree = 5, Agree = 4, Neutral = 3, Disagree = 2, Strongly disagree = 1.
d. Standard deviation.
e. Average was based on Grade × Number/total number.

Fig. 3. Respondents’ understanding of parties to be considered polluters.
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‘Channelling of liabilities’, selected 12 times (63.2%), and ‘Joint and 
several liability’ was chosen 7 times (36.8%). Among those who selected 
‘Other’ option, only one gave a specific comment questioned the nature 
of the entire environmental movement. SQ4 posed a multiple-choice 
question regarding pollution damage, asking, ‘What should the 
polluter pay for if the PPP is applied?’ The survey results show that a 
significant proportion of respondents (73.7%) selected costs related to 
preventive measures, while 63.2% chose remedial costs for restoring the 
environment, and 52.6% selected costs for loss or damage caused by 
emissions. Additionally, 78.9% chose the ‘Other’ option, with one 
respondent specifically noting that the PPP should also cover additional 
costs such as taxes or levies on GHG emissions or their intensity. These 
findings suggest that most respondents believe the PPP should encom
pass a broad range of costs, including preventive, remedial, and 
compensatory measures, as well as other potential financial mecha
nisms. SQ5 asked respondents ‘How should payments be made if the PPP 
is applied?’ In Fig. 4, the Emission Trading System (ETS) and Carbon Tax 
were selected 15 (78.9%) and 14 (73.7%) times, respectively. No other 
forms of MBMs were chosen. ‘Contribution to a fund’ was selected 8 
times, accounting for 42.1%. One respondent who selected the ‘Other’ 
option indicated that fees should be passed on to consumers through the 
final price of goods.

SQ6 asked how the PPP could be implemented in shipping practices. 
Fig. 5 indicates that the majority (89.5%) favored implementation 
through IMO conventions, reflecting strong support for a unified and 
authoritative approach suited to the global nature of shipping. The next 
most popular option was national or domestic legislation (52.6%), 
though this was significantly less favored, indicating some ambivalence 
about the effectiveness of domestic measures. Other international con
ventions (42.1%) and domestic policy initiatives (36.8%) received even 
less support, likely due to concerns over their authority, uniformity and 
enforcement capacity. These results underscore a clear preference for 
international implementation of the PPP by the IMO, while also high
lighting the diversity of views on regulatory approaches for reducing 
shipping GHG emissions.

4.3. Respondents’ perspectives and suggestions

In this part, the first question asked respondents to share their 
thoughts on other measures that might be more effective. We received a 
total of 9 comments, which were categorised into four main themes. (1) 
Fuel alternative technology advancement, for which suggestions were 
focused on promoting carbon–neutral biofuels for existing ships and 
advancing research into green fuels like ammonia for future use. (2) 
Energy efficiency improvements, for which respondents suggested 

incentivising shipowners and manufacturers to design more energy- 
efficient vessels and machinery. Specific measures highlighted 
included installing vortex fins and air deflector nearby propeller, the use 
of high-efficiency hull coatings and the optimisation of carbon capture 
systems. (3) Economic incentives, where respondents emphasised the 
effectiveness of MBMs such as a carbon levy as economic incentives. This 
suggestion aligns with the core idea of the PPP and diverse imple
mentation strategies were proposed. (4) Accurate GHG emissions 
monitoring and digitalisation, which yielded a strong call for accurate 
measurement of individual ship’s carbon emissions, advocating for the 
adoption of digitalisation to enhance transparency and accountability in 
the shipping industry.

The second question invited respondents to share their thoughts on 
why they do not support the PPP, also capturing comments from those 
who agreed or were neutral regarding Question 4.3, with a focus on 
improving the PPP’s implementation. Among these respondents, con
cerns were raised about the potential tax evasion and regulatory 
avoidance. One respondent strongly disagreed, arguing that mandatory 
green fuel adoption could significantly increase global commodity costs.

Furthermore, several suggestions were made to improve the PPP’s 
implementation. One recommendation was to establish a transparent 
and measurable compensation distribution framework to ensure that 
polluters understand how their payments will be used and who will 
benefit. This addressed concerns about payment traceability, as high
lighted by an opponent of the PPP in Question 4.3. Another suggestion 
was to streamline the process by avoiding complex conventions and 
multiple stakeholders, proposing to collect the carbon levy directly at 
bunker fuel purchase, with a carbon tax based on fuel amount. These 
insights underscored the need for a more transparent and efficient sys
tem to enhance the PPP’s effectiveness in addressing GHG emissions 
from shipping.

5. Discussions

5.1. Potential of applying the PPP

The PPP is considered a cornerstone of environmental law and policy 
that is employed in environmental regulation or as a policy tool to 
prompt polluters to bear the environmental costs of their actions (Zhu, 
2023). This principle also has a significant influence in the realm of 
marine pollution (Zhu, 2015).

5.1.1. The PPP’s functions
As indicated in Table 1, 63.6% respondents agreed that the PPP can 

serve as an alternative or complementary method to reduce GHG 

Fig. 4. Respondents’ view on how payments should be made.
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emissions from shipping, reflecting awareness of its preventive and 
curative functions. As defined by the OECD, polluters should be finan
cially responsible for ‘the cost of pollution prevention and control 
measures’ (OECD, 1972). It also represents the ex-ante approach of 
allocating pollution prevention costs and control measures and stimu
lating instruments that prevent pollution in advance (de Sadeleer, 
2020). Additionally, implementing a preventive environmental protec
tion policy enables the acquisition of necessary funds and alters the 
behaviour of those regulated by it (de Sadeleer, 2013). The PPP’s pre
ventive function is justified legally, by aligning with other environ
mental principles such as the prevention principle, and economically, as 
polluters are incentivised to reduce emissions when the costs of their 
harmful activities exceed the benefits (de Sadeleer, 2020; Duvic-Paoli, 
2018). Therefore, the true aim of the PPP should be to implement a 
pollution reduction policy that encourages polluters to decrease emis
sions, rather than merely allowing them to pay fees to continue polluting 
(de Sadeleer, 2020). Referring to SQ4, the largest proportion of re
spondents agreed that polluters should pay for costs of reasonable pre
ventive measures, highlighting strong recognition of the PPP’s 
preventive function.

Regardless of how significant or effective preventive measures may 
be, the risk of environmental degradation, however, persists (de Sadel
eer, 2013). It is acknowledged that pollution cannot be fully prevented, 
and loss and damage will occur. It is essential to ensure that polluters 
provide compensation as it would be unjust for society to bear the costs 
of environmental damage for which it is not responsible (de Sadeleer, 
2020). GHG emissions can incur irreversible losses such as land loss due 
to rising sea levels, and repairable damages such as storm-damaged 
coastlines (Doelle and Seck, 2020). Environmental liability is a key 
element of the PPP, with civil liability offering a more individualistic 
form of redistribution, in contrast to traditional distributive functions 
(de Sadeleer, 2013). Therefore, when considered from a civil liability 
perspective, the curative dimension of the PPP represents a significant 
advancement in addressing loss or damage resulting from pollution. It 
provides compensation for marine and coastal environment impairment, 
ensuring a form of ex-post redistribution (de Sadeleer, 2020; Munir, 
2013).

Concerning GHG emissions from international shipping, the PPP’s 
curative function has the potential to fill the gap established by the 
absence of a dedicated pollution liability mechanism to penalise emit
ters and compensate those adversely impacted by pollution (Zhu and Li, 
2025). In SQ4, ‘Loss or damage’ and ‘Costs of restoring the marine and 
coastal environment’ are two specific manifestations of the PPP’s 
curative dimension. The quantitative evidence shows that over 50% of 

stakeholders accept this function. However, support for the curative 
function is notably weaker than that for the preventive function 
(73.7%), indicating insufficient attention to the PPP’s curative function 
in addressing the environmental damage caused by GHG emissions and 
the associated liability for compensation. This aspect may require tar
geted promotion to ensure that the PPP’s curative function is emphas
ised alongside preventive approaches. Consequently, the PPP has the 
potential to establish a framework for ex-post environmental liability as 
a principle in developing a comprehensive strategy for reducing GHG 
emissions from shipping.

5.1.2. Understanding pollution damage
As indicated by our survey results, nearly all participants are aware 

that GHG emissions from the shipping account for around 3% of overall 
global emissions, and respondents recognised the predicted severe in
crease if no further actions or measures were to be implemented (King, 
2022). GHG emissions from shipping can result in various types of 
pollution damage. Analysing specific pollution damage could facilitate a 
more comprehensive understanding of how the PPP can address ship
ping GHG emissions and what types of pollution are covered under the 
PPP.

An academic consensus that GHG emissions from shipping constitute 
a form of vessel-source marine pollution has emerged (Testa, 2023; 
Bodansky,2018; Boyle, 2016).2 Furthermore, since GHG emissions from 
shipping contribute to climate change, the resultant damage is intri
cately linked to its broader impacts. Vessel-source marine pollution 
damage has been specifically defined in various conventions (IMO, 
1969; IMO, 1992; IMO, 1996; IMO, 2001), which identifies several 
common types: (1) loss or damage caused outside of the ship by 
contamination resulting from pollutants carried as the cargo of the ship; 
(2) costs of restoring impairment of the marine and coastal environment; 
and (3) the costs of reasonable preventive measures and loss or damage 
caused by preventive measures. The survey data reveal the respondents’ 
understanding of pollution damage from shipping GHG emissions. As 
illustrated in SQ4, 52.6% of respondents identified loss or damage 
occurring outside of the ship, 63.2% believed that the polluter should 
bear the costs of restoring damage to the marine and coastal environ
ment, and the largest portion of respondents (73.7%) selected the costs 
associated with reasonable preventive measures.

Fig. 5. Respondents’ views on how the PPP could be implemented.

2 Also, the International Tribunal for the Law of the Sea expressed a similar 
opinion when it delivered the first international judicial opinion on state ob
ligations addressing climate change in its Advisory Opinion.
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In the specific context of pollution damage from maritime GHG 
emissions, the primary consequence is climate change, and such climate 
change arises from cumulative emissions from various shipping activ
ities and processes (Verheyen and Franke, 2023). Therefore, we may 
infer that the loss or damage caused by GHG emissions from shipping, as 
outlined in the aforementioned first type of marine pollution damage, 
namely“loss or damage caused ourside of the ship…”, is analogous to the 
loss and damage (L&D) associated with ordinary climate change. This 
concept was used in the UN climate negotiations to represent the 
harmful consequences of climate change. L&D refers to negative impacts 
of climate change associated with slow onset events such as rising sea 
levels, increasing temperatures, ocean acidification, changing ocean 
chemistry and circulations and glacial retreat, as well as extreme 
weather events such as droughts, heatwaves and storm surges (UNFCCC, 
2011). It has been suggested that the term ‘loss’ represents permanent 
harm or irreversible loss such as loss of land due to sea level rises, and 
‘damage’ represents repairable or recoverable damage such as damage 
to a coastline caused by a storm (Doelle and Seck, 2020). This analogy 
enables us to apply the broader concept of climate change-induced L&D 
to the loss or damage attributable to GHG emissions from shipping. 
Nevertheless, it is hoped that more scientific evidence and research will 
be developed in the future to enhance the understanding of pollution 
damage associated with GHG emissions from shipping.

5.1.3. Other issues
Fig. 5 illustrates that the most prevalent method of implementing the 

PPP is through IMO conventions (89.5%), followed by other interna
tional conventions (42.1%), underscoring the significance of the IMO in 
upholding this principle. National or domestic legislation (52.6%) and 
domestic policy initiatives (36.8%) also received support. The PPP has 
arguably influenced the development of environmental liability frame
works across various countries (Larson, 2005). In the context of marine 
GHG emissions, the IMO dominantly regulates international shipping, 
while individual countries are responsible for managing GHG emissions 
within their domestic jurisdictions. However, inadequate domestic 
implementation of IMO measures or a lack of effective national regu
lations to control marine GHG emissions could significantly undermine 
mitigation efforts. Unregulated emissions at the national level may 
exacerbate environmental challenges (Faber et al., 2020). In this sce
nario, the PPP may be promoted as it enables each state to adopt distinct 
approaches to define and implement it within the domestic legal 
framework (Pinto-Bazurco, 2022), facilitating flexibility and targeted 
application. Therefore, the PPP has the potential to harmonise interna
tional and domestic regulatory frameworks to comprehensively address 
gaps for mitigating GHG emissions.

5.2. Problems of applying the PPP

Although the PPP has the potential for addressing GHG emissions 
from shipping, several practical and complex challenges remain. Two 
main challenges are noteworthy. First, the principle does not explicitly 
address the polluter, complicating the determination of liability. In the 
shipping industry, multiple parties are often involved in various 
contractual arrangements, making it difficult to ascertain who is liable. 
Second, there are issues related to cost allocation, including how pay
ments should be structured and implemented (Zhu, 2023). These chal
lenges emphasise the need for more concrete guidance and frameworks 
to effectively operationalise the PPP within the maritime context.

In general, a polluter is an individual or entity that directly or indi
rectly causes environmental pollution or creates conditions that lead to 
such pollution damage. Establishing a causal link between a polluter and 
subsequent pollution damage is considered to be an essential element in 
identifying a polluter (Zhu and Li, 2025). However, establishing a causal 
link in the context of GHG emissions can be complicated. Pollution 
damage from GHG emissions often results from a cumulative process 
involving historical and current emissions from multiple emitters, 

rendering almost everyone partially responsible for the resulting im
pacts of climate change (Verheyen and Franke, 2023). Unlike traditional 
marine pollution such as oil spills, pollution damage from GHG emis
sions may manifest far from the emissions source (Verheyen and Franke, 
2023), making it also difficult to trace their origin. GHG is quickly 
emitted and then merged rapidly into the atmosphere, and their indis
tinguishable nature means that it may not be possible to link them to any 
specific source (Kosolapova, 2013). Therefore, these features of GHG 
emissions pose challenges to establishing the causal link between a 
polluter and the resulting pollution damage and in the distribution of 
pollution liabilities (Craik et al., 2023).

Theoretically, the polluter from GHG emissions from shipping can be 
the party with direct and primary decision-making authority over the 
vessel’s operation, particularly its speed and fuel consumption, as their 
activities are causally linked with the pollution (Zhu and Li, 2025). The 
result of SQ1 demonstrates the positive attitudes of respondents towards 
this statement. A majority selected both ‘decision-making power over 
the vessel’s speed’ (73.7%) and ‘quantity and/or type of fuel used’ 
(78.9%) as factors to consider when identifying the polluter. In Fig. 3, 
the shipowner was the most frequently selected option as the polluter. 
This is noteworthy, as the shipowner bears primary responsibility for 
decisions regarding fuel purchases and consumption and the ship’s 
speed, and should therefore be considered a polluter (Zhu and Zhao, 
2015). Time charterers and demise charterers were also considered, 
aligning with their specific roles in shipping voyage.

In addition, our survey results reveal that shippers and consignees 
who are non-operators may also be identified as polluters (Fig. 3). The 
BPP can explain this paradox between theoretical expectations, in which 
a causal link must be established between polluter and pollution activity 
and the empirical findings. Notably, three out of five respondents who 
selected ‘Other’ (SQ1) advocated for the BPP. The BPP is a principle with 
a strong intuitive appeal that has been widely investigated in the context 
of climate change (Baatz, 2013). This principle suggests that those who 
benefit from activities that cause GHG emissions should bear the re
sponsibility to compensate for environmental harm (Baatz, 2013). Most 
people seem to share the moral intuition behind it. Baatz’s Qualified 
Beneficiary Pays Principle (QBPP) further refined this idea, proposing 
that beneficiaries must compensate victims when the polluter cannot 
fully do so. The QBPP stipulates that if a polluter cannot fully 
compensate for the harm caused (due to being deceased, unable or 
inhumane), then a beneficiary who has received a net benefit from the 
harmful action must compensate the victim (Baatz, 2013). The QBPP 
only takes effect when the PPP falls short of providing full compensation 
(Baatz, 2013). In this case, the BPP could serve as a supplementary 
principle for the PPP.

In the shipping industry, shippers and consignees are beneficiaries of 
marine GHG emissions since international shipping mainly facilitates 
their trade agreements. This perspective addresses concerns that the PPP 
alone may be perceived as unjust, given the cumulative nature of climate 
change, and highlights the BPP’s potential role in enhancing justice and 
supplementing remedy responsibilities. Integrating the BPP alongside 
the PPP could provide a more comprehensive approach to addressing 
GHG emissions from shipping. More specifically, liability could first be 
channeled to the shipowner as the direct polluter, with the possibility for 
the shipowner to recover costs from other polluters and beneficiaries. In 
this way, the BPP serves as a supplementary approach, ensuring that 
compensation is not limited by the polluter’s ability to pay, and that 
those who benefit from emissions also share responsibility. Integrating 
the BPP alongside the PPP could thus provide a more comprehensive and 
just approach to addressing GHG emissions from shipping, guaranteeing 
that victims receive adequate compensation. A key issue arising from the 
BPP is determining the extent of beneficiaries’ contributions, which 
necessitates calculating the net benefits derived from past emissions. 
However, these considerations go beyond the scope of this study. Future 
research should focus on developing methodologies for such calcula
tions and refining operational guidelines for the PPP and BPP to ensure 
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their effective implementation in the maritime sector (Baatz, 2013).
Since multiple parties are often involved in polluting activities, it is 

crucial to examine several liability related issues such as the basis of 
liability, mechanisms for distributing liability and potential methods for 
sharing that liability among polluters. In practice, the operation of in
ternational shipping involves cross-regional trade and cost shifting be
tween many parties, including shipowners, charterers, operators, 
shippers and States, which may raise concerns about fairness and dis
tribution of liability. However, it is crucial to understand that the 
fundamental purpose of the PPP is to ensure that the identified pollu
ters—usually those with the most effective risk control or the greatest 
capacity for compensation—bear primary responsibility at the time an 
incident occurs (Kosolapova, 2013). In SQ3, the doctrine of ‘channelling 
of liability’ (Craik et al., 2023) garnered more support from our re
spondents compared with ‘joint and several liability’ in which all liable 
parties are jointly and severally responsible. The former approach first 
imposes pollution liability on an identified polluter, ensuring that a 
simple and prompt process for claims or compensation can be initiated 
(Kosolapova, 2013). The polluter would then be entitled to bring a 
recourse action against the primary liable parties. This mechanism has 
been adopted by the well-established international civil liability con
ventions adopted by the IMO.

In practice, costs can be charged ex-ante by pricing the pollution and 
then reflecting the cost in the product’s price (Bleeker, 2009). Fig. 4
reveals that the most popular option for payment is the ETS (78.9%) and 
Carbon Tax (73.7%). A carbon tax or bunker levy sets a fixed price on the 
amount of marine fuel consumption in proportion to its carbon content, 
with taxes levied on ships according to emissions (International Trans
port Forum, 2024). The rationale behind imposing carbon levy on in
ternational maritime fuel is that it can cost-effectively promote both 
short- and long-term carbon mitigation in the shipping sector. This is 
achieved by narrowing the price gap between conventional fuels and 
zero- or near-zero GHG fuels, thereby incentivizing the adoption of 
cleaner alternatives (Kachi et al., 2019). The revenue generated may 
contribute financially to a fund dedicated to advancing the development 
of green shipping technology, enhancing capacity-building efforts in 
developing countries, and mitigating disproportionately negative im
pacts in specific countries (IMO, 2023c; Zhu, 2023;). In particular, 
revenue reimbursement mechanisms can help alleviate the dispropor
tionate impacts faced by Small Island Developing States and Least 
Developed Countries (IMO, 2024). ‘Contribution to a fund’ accounts for 
42.1% of our survey respondents. In contrast, an emissions cap is set 
under an ETS, and polluters are assigned emissions allowances. There
after, if their emissions exceed these allowances, they then need to pay 
for such emissions. Therefore, the carbon price is determined by the 
supply and demand of emissions allowances (World Bank, 2024). 
Effective ETS enforcement demands a robust system of emissions 
monitoring, reporting and verification. Shipping was included in the 
European Union’s ETS in 2024 (European Union, 2023; Verde, 2020; 
Branger et al., 2015; Venmans, 2012). It is argued that ETS is effective in 
reducing emissions in the short term by incentivizing slow steaming 
(Kotzampasakis, 2025). However, in the implementation of the EU ETS, 
a major concern is the risk of carbon leakage. Under the EU ETS, ship
ping companies may adopt avoidance strategies, such as altering ship
ping routes to stop at nearby non-EU ports to minimize the portion of the 
voyage subjects to the ETS (Kotzampasakis, 2025). Such practices may 
undermine the long-term goal of decarbonization. Despite the critical 
and disapproving voices regarding this system, the EU ETS may provide 
valuable practical references for the setting up of a global system of 
paying for pollution damage arising from maritime GHG emissions.

6. Conclusions

This article employs a combined theoretical and empirical method
ology to illustrate the current IMO measures, examine how mechanisms 
based on the PPP would compare to these measures, and assess the 

potential and challenges of applying the PPP to address GHG emissions 
from shipping. Currently, shipping GHG reduction are mainly regulated 
by the technical and operational measures adopted by the IMO. How
ever, research indicates that they remain insufficient to achieve the net- 
zero goal set by the IMO. This inadequacy and uncertainty are further 
exacerbated by delays in adopting the IMO’s net-zero framework. In 
contrast to the limited scope of existing IMO measures, which primarily 
utilize an ex-ante approach to reduce emissions, the PPP offers a more 
robust governance framework. As a cornerstone of environmental law 
and policy, the PPP can serve various functions in the pathway to 
shipping decarbonization, particularly its preventive function, which 
deters polluters and promotes emission reduction, as well as its curative 
function, which ensures ex-post redistribution and comprehensive 
damage repair.

However, the effective implementation requires both international 
coordination and robust national frameworks. At the international level, 
the IMO could operationalise the PPP by integrating it into future reg
ulatory instruments, such as in the heavily debated economic elements. 
At the national level, the PPP could be incorporated into existing policies 
and regulations by clarifying its legal status and functions in addressing 
GHG emissions from shipping. This would provide a basis for imple
menting mechanisms such as carbon levies and financial sanctions at the 
national level. Additionally, national courts could play a crucial role in 
interpreting and applying this principle, setting important precedents in 
liability law by holding polluters accountable for environmental harm.

Our findings also reveal that challenges in applying the PPP to 
mitigate GHG emissions from shipping will persist, emphasising essen
tial directions for developing regulatory measures. In terms of liability 
distribution, the channelling of liability could designate the shipowner 
as the primary liable party, with provisions allowing for cost recovery 
from other polluters and beneficiaries. This approach would streamline 
enforcement and facilitate effective compensation. Furthermore, the 
findings indicate that majority participants place considerable trust in 
IMO conventions. Therefore, the IMO and regulators should move 
beyond theoretical support and establish a practical and enforceable 
framework for reducing GHG emissions from shipping.

The findings of this study delineate critical avenues for future 
research. While we have argued that the BPP serves as a necessary 
complement when the PPP falls short of providing adequate compen
sation, further research is needed to focus on how to establish a 
comprehensive liability mechanism that equitably distributes liability 
between polluters and beneficiaries. Furthermore, while current 
discourse primarily focuses on private stakeholders, the potential lia
bility of states regarding GHG emissions remains underexplored. 
Therefore, subsequent research may shift the analytical lens to examine 
the role of states both as supervisor or regulators and as potentially 
liable parties responsible for their contribution to the climate change. 
Additionally, as awareness of the potential application of the PPP in
creases, coupled with ongoing discussions regarding the necessity of 
establishing liability and compensation for damages caused by GHG 
emissions, the empirical study conducted in this paper may be extended 
to encompass areas beyond those surveyed herein.
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