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Abstract
Advances in economic, social and governance (ESG) financing
mechanisms, digital technologies, and policy regulations offer new
possibilities to develop marine fuels compatible with the 2030
Sustainable Development Goals and net-zero ambitions. An incentivecompatible and sustainable global framework is proposed to reduce
greenhouse gas (GHG) emissions in this hard-to-abate sector. In
support of a sustainable energy transition, we highlight the promise of
a worldwide circular economy approach that is underpinned by a
robust digital infrastructure – where the value of avoided carbon is
captured fully and reintroduced to the global financial and commodity
markets. Such an inclusive and participatory energy transition would
enhance the likelihood of an equitable post-Covid recovery in supplychain diversification, while partially shielding the shipping industry
from fuel and commodity volatility.
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Challenges
The trade and delivery of goods remain the backbone of the global economy, with marine
shipping as the largest cargo transportation mode. Around 80 percent of the international
trade in goods by volume (70 percent by value) are transported on marine shipping and are
handled by the global port infrastructure (UNCTAD, 2018). Around 3 percent of annual global
GHG emissions can be attributed to international shipping, along with 12 percent of sulphur
dioxide (SOX), 13 percent of nitrogen oxide (NOx), and a substantial portion of black carbon
(BC) emissions ( (IMO, 2020); (US EPA, 2022)). Over the past two decades, GHG emissions
from international shipping and aviation have grown faster than other contributors (European
Parliament, 2021). Figure 1 illustrates GHG emissions in Europe. Both sectors are projected
to increase even with currently planned measures (EEA, 2021). Maritime shipping has proven
to be one of the hardest-to-decarbonise sectors.

Change in emission levels from 1990 (index 1990 = 100)

Figure 1: GHG emissions from transport in the European Union
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Source: European Environment Agency and author’s analysis

Existing capital investments in the shipping industry, covering vessels and port infrastructure,
are huge, long-term, and offer meager returns – often because of overcapacity and market
competition (Bryant, 2021). As a result, low-cost maritime fuels, also called bunker fuels, are
crucial to profitability. These fuels are derived from residues from the crude oil refining
process, and generally yield increased emissions of carbon dioxide (CO2) and sulfur. High
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upfront capital costs, combined with the operational and financial legacies of the shipping
industry, have emerged as significant impediments to decarbonisation, resulting in a sector
has been slow to adopt low-carbon fuel options without substantial and persistent policy
pushes.
The sustainable energy transition for marine fuels and related shipping and port infrastructure
has broad implications for global trade stability and climate ambitions, reducing
environmental pollution, and mitigating potentially irreparable damage to vulnerable
ecosystems, like the polar icecaps. Marine fuels remain a critical area where progress can be
made toward (i) GHG emissions reduction, (ii) emission mitigation and adaptation, (iii)
ensuring the resilience of the global commodity and goods trade, and (iv) adopting circular
economic frameworks to global marine transport by prudent use of fossil and low-carbon
fuels, along with carbon capture and sequestration (CCS) to ensure the equitable distribution
of benefits globally, as well as a sustainable and inclusive energy transition.
Currently available technologies make the decarbonisation of maritime shipping a distinct
possibility by 2035 (International Transport Forum, 2018). The challenge will be to devise a
comprehensive policy framework to motivate the industry to support the transition and the
conversion of shipping fleets to cleaner, low-carbon fuels, such as liquified natural gas (LNG);
green ammonia; synthetic fuels, like methanol, clean hydrogen, and fuel cells; and a mix of
fuels, including wind and solar for vessels.
Increased policy support for clean and low-carbon fuels in Europe has signaled a significant
willingness to make infrastructure investments and develop financing mechanisms. However,
other parts of the world rely on carbon and emission-intensive fuels such as heavy fuel oil
(HFO). Advances in fossil-fuel burning efficiencies, onboard carbon capture, and emissions
mitigation could aid implementation of the energy transition.
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Proposal
PROPOSAL 1:
Introduce fiscal incentives that reflect and enhance the value of avoided carbon in maritime
transport using a Circular Carbon Economy (CCE) framework. Avoided carbon should be
factored in, incentivised, and monetised as a tradeable commodity for markets where carbon
is accounted for and taxed.
Rationale:
The maritime architecture, the international law of the sea, and the ease with which ships
adopt flags of convenience give shipping companies ample opportunity to avoid regulation.
As a result, shipping companies often follow the path of least resistance, with limited or
delayed responses to environmental policies. While initiatives such as the Paris
Memorandum of Understanding (2021) have helped standardise maritime tracking and port
operations, compliance is voluntary. These initiatives have little leverage to change the
behavior of corporations that are focused on profits.
Absent concrete incentives or enforcement, the current policy environment gives little
impetus to the industry to transition to low-carbon operations. This is a fundamental problem,
as research has shown that sustainable policy changes are possible only when incentives can
prompt economic units to change their behavior.
The policy roadmap to achieve a sustainable energy transition can use market and nonmarket incentives to bolster the global energy transition (Adelman, 2000). Creating economic
value via a circular economy for stakeholders is essential for curbing emissions and pollution
policies. The creation of such value has proven to be instrumental in changing market
sentiments (Bimonte, Romano, & Russolillo, 2021), securing buy-in from industry leaders
(Dobni, Klassen, & Nelson, 2015), and fostering innovation (Kusi-Sarpong, Gupta, & Sarkis,
2018). Discussion on lowering emissions and pollution has highlighted two mechanisms:
government intervention (through policy and mandates) and market mechanisms.
Government policies often include tax incentives and exemptions, preferred procurement
schemes, real estate grants, low-cost capital offered via state financial institutions, or similar
fiscal interventions. These interventions are redistributive: the value created from an
intervention is given as compensation to the “losers” of such an intervention or as a further
incentive to compel desired behavior. Policy instruments tend to be blunt and are limited to
the legal space in which governmental agencies can operate. The long-term credibility of
these policies can also potentially come into question: If the market doubt a government's
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commitment to a policy, e.g., if a change in government has the potential for a policy reversal,
then market players will be less likely to support government mandates.

On the other hand, market-based mechanisms rely on price. The assumption is that markets
can set the optimal price for a product or service. Every player in the value chain will be
incentivised to improve processes to reducing deadweight costs. Putting a price on carbon is
expected to incentivise market players to minimise emissions while relieving the
policymakers from the need to impose a specific path of innovation or redistribute resources
due to fiscal interventions. Still, various shortcomings in the pricing of carbon exist.
Our proposal of securitising the long-term benefits of decarbonising marine fuels builds on
the two policy levers discussed above. We suggest that securitisation of future income flows
from decarbonisation, along with operational and fiscal incentives, will speed the transition
to a low-carbon global shipping industry. Financial securitisation of the returns from
investments in transitioning can open a range of global possibilities. Such financial products
could attract substantial interest from various international funds, increase interest in
greening portfolios, and provide further impetus for global innovations for a sustainable
transition. Investments in shipping offer a relatively stable long-term income stream (Marvest,
2022). The sustained nature of these payouts could create sufficient demand for this financial
product, possibly as a hedging tool. This financial product would also help various funds
become green to meet ESG standards.
The shipping industry is capital intensive; cash flow is often a major factor in ensuring a
profitable returns. Hence, the major hurdle with abatement tends to be the first step, e.g.,
rationalising the investment financially. A proposed financial product must identify the
needed upfront cash for ship operators to transition to low-carbon emitting fleets.
Securitisation of carbon abatement and the integration of the resultant financial products into
global markets is also expected to improve performance. Despite international governance
mechanisms, such as the Paris Memorandum of Understanding, the “flag of convenience”
nature of the shipping industry makes global coordination of policy a massive challenge. Such
funds would necessitate transparency and operational accountability, adding another
dimension to ESG compliance for the global economy. Finally, it is essential to note that ports
can also securitise expected gains from offering low-carbon services. These gains can create
low-carbon manufacturing and services industries around the ports through establishing
clean energy hubs or hydrogen hubs.
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PROPOSAL 2:
Policy incentives to give operational and regulatory priority to operations using green marine
fuels.
Rationale:
Switching the focus of regulatory incentives from ships to ports offers considerable leverage
to policymakers. Decarbonising marine fuels will require a substantial investment in port
infrastructure, featuring new shore facilities, fuel loading and unloading systems, transport
system, and bunkering facilities for alternative fuels. National regulation and investment
would be effective in ensuring such investments, possibly supplemented by global green
funds.
Preferred access to ports, licensing, and other operational processes can incentivise ship
owners to decarbonize while committing much less capital. Alternative fuels and renewable
energy can deliver much of the required reductions. Advanced biofuels are already available,
though in limited quantities. Gradually, they should be complemented by natural or synthetic
fuels, such as methanol, ammonia, and hydrogen. Wind power could offer additional
reductions. The first electric ships have been providing transport for short-distance routes.
Technological measures to improve the energy efficiency of vessels could yield a substantial
part of the needed emissions reductions. Market-mature options include, among other things,
hull design improvements, air lubrication, and bulbous bows. Finally, operational measures
such as ship speed reductions, smoother ship-port interfaces, and increased ship size could
achieve further significant emission reductions.
PROPOSAL 3:
Continued policy support of technological innovations in petroleum-fuel upgrading at
refineries, desulfurisation; engine technologies, onboard carbon and sulfur capture, black
carbon, and NOx mitigation for making clean marine transport affordable to many resourcelean countries and until green options are fully available at a competitive cost and abundant
supply.
Rationale:
Hydrogen utilised in fuel cells to power ships is widely believed to be the marine industry's
future (Herdzik, 2021). However, hydrogen production via green or low-carbon pathways is
not expected to become cost-competitive in most parts of the world before 2030. Challenges
associated with storage and transport may further delay widespread adaptation (Halff, 2017).
During the transition, policymakers must continue to improve engine technologies with
conventional liquid fuel options. All energy choices and technology options to mitigate GHG
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and pollution must be available to policymakers, especially those from the developing world.
Desulfurisation (Guida, Jameel, Saxena, & Roberts, 2021) and carbon capture technologies
(Ratcliffe & Rathi, 2021) are enabling technologies for achieving such goals (Vedachalam,
Baquerizo, & Dalai, 2021); (Al Baroudi, Awoyomi, Patchigolla, Jonnalagadda, & Anthony, 2021).
Some of these innovations are at a low technology readiness level (TRL), or there are
significant cost barriers to their wide-scale commercialisation. Investments are needed in
research and development for engine/fuel-cell innovations running on hydrogen (Turner,
2020), ammonia (Morlanes, et al., 2021), e-fuels (Ramirez, Sarathy, & Gascon, 2020), bio-fuels,
and direct air capture (Chatterjee & Huang, 2020). R&D funding must continue to enhance
fossil-based marine fuels during the transition period.
Furthermore, R&D in transitioning marine fuels may offer considerable positive externalities
and high return in digital infrastructure, research, and engineering. The role of academic
institutions shall become more prominent as an incubator of future technologies, while
knowledge generated must not be lost or unused. Hence, strategic translation of academic
research into industrial technologies and dissemination on a global scale will require a
coordinated effort.
PROPOSAL 4:
Streamline R&D for carbon-free fuels (Ashrafi, Lister, & Gillen, 2022), digital transformation,
related infrastructure, and engineering focused on the Fourth Industrial Revolution (4IR) to
allow greening efforts to occur globally and in an expedited manner. The Internet of Things
(IoT), artificial intelligence (AI), and cloud computing are backbone 4IR technologies that are
critical to fostering a sustainable energy transition in the marine shipping industry and related
infrastructure ( (Olsen & Tomlin, 2019); (Struck, 2020)).
Rationale:
Streamlining digital transformations and related infrastructure and engineering efforts is key
to enabling a global transition of marine fuels. The digital financial infrastructure of the future
is key to lowering the global shipping industry's GHG emissions. Such infrastructure would
provide the necessary information flow for certification, transparency, and performance
management and hence lay the foundation for accountability. Advances in monitoring
emissions would go hand in hand with digital verification and disseminating this data. In
addition, deviations (intended or otherwise) from promised low-carbon bunkering must be
automatically registered.
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