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Abstract

This article explores the possibilities of inedible biodiesel as a viable and environmentally friendly substitute fuel for marine diesel engines in
India. This article encompasses on various crucial elements, including engine compatibility, biodiesel blends, fuel quality, emissions reduction,
regulatory compliance, cost analysis, environmental advantages, and research and development. Implementing biodiesel in maritime operations
within India presents favourable opportunities for mitigating carbon emissions, improving air quality, bolstering energy security, promoting
sustainable agriculture, and harmonizing with international environmental objectives. Nevertheless, the effective incorporation of biodiesel
necessitates a meticulous examination of multiple variables and an all-encompassing methodology that involves formulating policies,
investment in infrastructure, research and development, and collaboration among relevant parties. Adopting biodiesel in India’s maritime sector
offers a promising prospect for substantially contributing to sustainability and environmental stewardship.
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1 Introduction

The maritime transportation industry is significant in fa-
cilitating India’s economic development and enhancing its
connectedness in global trade. Nevertheless, the industry’s
dependence on traditional diesel fuel from fossil sources
carries noteworthy environmental consequences, such as
greenhouse gas emissions and air pollution (Ampah et al.,
2021). As India endeavors to achieve a harmonious equi-
librium between economic progress and environmental
conservation, there is a growing imperative for implement-
ing sustainable and environmentally friendly solutions
within the maritime industry (Tan et al., 2021). This exten-
sive manuscript examines the possibilities of biodiesel as a
feasible resolution to tackle these difficulties and promote
sustainability in the realm of India. naval transportation
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(Panoutsou et al., 2021).

Biodiesel, commonly sourced from renewable feed-
stocks such as vegetable oils or animal fats, exhibits con-
siderable potential as a substitute for conventional diesel
fuel. This alternative fuel presents many environmental
advantages, encompassing diminished carbon emissions,
decreased sulfur content, and enhanced air quality (Hoang et
al., 2022). The possible benefits of integrating biodiesel into
Indian marine operations include reducing the industry’s
carbon emissions, improving energy security, promoting
sustainable agriculture, and aligning with international
environmental objectives (Mujtaba et al., 2020). Neverthe-
less, the effective incorporation of biodiesel into the mari-
time industry is a multifaceted undertaking that necessi-
tates meticulous examination of numerous issues. The ele-
ments under consideration include engine compatibility,
biodiesel blends, fuel quality, emissions reduction, regula-
tory compliance, cost analysis, environmental advantages,
and research and development (Razzaq et al., 2021). Fur-
thermore, using biodiesel as a marine fuel necessitates a
comprehensive strategy that includes formulating poli-
cies, allocating resources for infrastructure development,
undertaking research and development activities, and fos-
tering collaboration among various stakeholders (Gray et
al., 2021).

In the subsequent sections, we will thoroughly examine
the crucial elements of implementing biodiesel in the con-
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text of maritime transportation in India, providing a com-
prehensive analysis of each of these parameters (Wang and
Li, 2023). Through thoroughly analysing the various pros-
pects and obstacles linked to biodiesel, our objective is to
offer a clear comprehension of the potential of this alterna-
tive fuel in fostering sustainability and environmental
conservation within India’s marine industry (Ogunkunle
and Ahmed, 2019). This detailed review examines the
integration of inedible biodiesel into marine diesel engines
in India, with a focus on sustainable maritime operations.
It explores new waters and presents a novel approach.
This article explores various factors related to biodiesel’s
potential in the Indian maritime sector, including engine
compatibility, emissions reduction, regulatory compliance,
and economic viability. It also discusses the importance of
policy formulation, infrastructure investment, and collabor-
ative initiatives for the successful implementation of biodie-
sel in this sector. Adopting non-consumable biodiesel not
only serves as an alternative fuel, but also acts as a guiding
light leading India towards a future characterized by de-
creased carbon emissions, improved energy security, and
global environmental balance.

2 Navigating engine compatibility for
sustainable marine diesel engines

For sustainable marine diesel engines to have a minimal
negative environmental impact on transportation, naviga-
tion engine compatibility is crucial. Sustainable marine die-
sel engines are designed to meet strict environmental stan-
dards, reduce greenhouse gas emissions, and maximize fuel
efficiency (Soudagar et al., 2020b). Compatibility requires
considering several variables, such as engine technologies,
emission control systems, and fuel types. When navigating
engine compatibility in the context of sustainable marine
diesel engines, keep the following points in mind:

2.1 Selection of fuel

The choice of fuel for environmentally friendly marine
diesel engines is crucial and can significantly affect both
operating effectiveness and the environment. When making
this decision, stability, lubricity, and the pros and downsides
of biodiesel and other fuels are essential considerations
(Gossling et al., 2021). In essence, adherence to regulatory
requirements within the maritime sector plays a crucial role
in ensuring the responsible functioning of marine diesel
engines that are environmentally sustainable (Oloruntobi
et al., 2023). By adhering to emission regulations and main-
taining vigilance about emission control areas, individu-
als and organizations assure their compliance with local
and international legislation and demonstrate their commit-
ment to broader environmental objectives. Maritime opera-

tors significantly contribute to improving air quality, mini-
mizing ecological effects, and fostering a sustainable fu-
ture for the industry by embracing these requirements
(Nunes, 2023).

The topic of sustainability and long-term planning is of
great importance. The marine industry is placing greater
emphasis on sustainability and long-term planning due to
the rising significance of decreasing environmental impact
and adopting cleaner and more efficient operations. Within
this particular context, two significant elements warrant
attention: sustainability goals and the need to ensure that
engine comp).ility decisions align with these overarching
aims (Soudagar et al., 2020a). Table 1 represents the heat
content for various fuels.

Table 1 Fuel energy density (Ramalingam et al., 2023)

Fuel Amount He?;;f{?g nt
Oil 1 gallon 138 095
Gasoline 1 gallon 124 000
Electricity 1 kWh 3412
Coal 11b 9241
Diesel or heating oil 1 gallon 139 000
Natural gas 1 cubic foot 1026
White oak (20% moisture content) 1 cord 27 000 000

2.2 Targets for sustainable development

The maritime sector is establishing ambitious sustainabil-
ity objectives to mitigate its environmental impact. These
objectives frequently encompass reducing emissions, en-
hancing fuel efficiency, and adopting more ecologically
sustainable approaches (Watanabe et al., 2022). When
making decisions regarding engine compatibility, it is im-
perative to ensure alignment with the prevalent sustainabil-
ity objectives across the sector. The achievement of this
alignment may necessitate allocating resources toward de-
veloping novel engine technologies, exploring alternative
fuels, and implementing emission control systems that pro-
vide cleaner and more efficient operations (Soudagar et
al., 2019).

Through the implementation of sustainability objectives,
marine operators are able to make a significant and mean-
ingful contribution towards the development of a more eco-
logically conscious and socially responsible business (Pro-
kopenko O and Miskiewicz, 2020). Additionally, this strate-
gic approach allows them to position themselves favorably
for long-term profitability. There is a rising recognition of
the significance of sustainable practices among customers,
regulators, and the general public. The implementation of
such procedures has the potential to enhance a company’s
reputation, hence allowing the acquisition of new business
opportunities and collaborations (Oliva et al., 2022).
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The significance of long-term planning arises from the
ongoing shift towards sustainable practices within the mari-
time sector and the recognition that choices made in the
present can exert a substantial influence on future opera-
tions (Soudagar et al., 2020b). Implementing strategic
investments in technology and infrastructure to support
sustainability is crucial for marine firms. Such expenditures
guarantee adherence to growing legislation and enable
these businesses to flourish in a market that is increasingly
focused on environmental concerns (Yeo et al., 2023).

2.3 Engagement with engine manufacturers and
suppliers

Establishing partnerships with engine manufacturers
and suppliers is crucial in effectively managing engine
compatibility for sustainable marine diesel engines (Laskar
and Giang, 2023). This collaboration guarantees that the
chosen machine and fuel technologies are in harmony and
backed by the requisite technical competence and assis-
tance required for effective and ecologically conscious
maritime operations (Tadros et al., 2023).

Collaborating closely with engine manufacturers, it is
evident that they play a pivotal role in spearheading the
advancement of state-of-the-art technology for the purpose
of creating sustainable marine diesel engines (Hoang and
Pham, 2018). Shipowners and operators can acquire vital
insights into the newest breakthroughs in engine technology
by cultivating a robust working relationship with them.
This collaboration facilitates the process of making well-
informed decisions regarding the selection of engines for
vessels (Fenton, 2020). It enables the consideration of
various options, such as low-emission engines, dual-fuel
engines, and other sophisticated solutions. Furthermore,
engine manufacturers have the capability to offer recom-
mendations on enhancing engine performance, conducting
maintenance procedures, and resolving issues, thereby
guaranteeing the engines function optimally while adhering
to regulatory requirements (Dyatlov et al., 2020).

2.4 Collaboration with Fuel Suppliers

The involvement of fuel suppliers is of utmost impor-
tance in facilitating the provision, quality assurance, and ac-
cessibility of alternative fuels (Veza et al., 2022). Establish-
ing partnerships with fuel suppliers is necessary to ensure
a dependable and uniform supply of alternative fuels,
which frequently serve as a crucial element in the operation
of environmentally efficient marine diesel engines. This
collaboration encompasses the acquisition of suitable
powers and the validation of their adherence to regulatory
mandates and industry benchmarks (Alamoush et al., 2021).

Through establishing partnerships with engine manu-
facturers and fuel suppliers, shipowners and operators can
foster a harmonized and comprehensive strategy toward
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developing environmentally friendly marine diesel engines
(Christodoulou et al., 2021). This method involves carefully
selecting appropriate engine technology and fuel types, the
optimization of their operation, the adherence to regulatory
requirements, and establishing a sustained commitment to
sustainability. The invaluable nature of the guidance and
technical support offered by these partners is instrumental
in attaining the dual objectives of mitigating environmental
impact and upholding operational efficiency within maritime
transport (Acciaro et al., 2020).

In essence, establishing productive partnerships with en-
gine manufacturers and fuel suppliers is a crucial strategic
measure in guaranteeing engine compatibility for develop-
ing environmentally efficient marine diesel engines (Kou-
zelis et al., 2022)This collaboration not only enables the
identification of the most appropriate technology but also
empowers marine operators to negotiate the complex realm
of sustainability and regulatory adherence, thus making a
valuable contribution to enhancing the cleanliness and effi-
ciency of the maritime sector (Wategave et al., 2021).

3 Blending biodiesel: exploring the landscape
of sustainable maritime fuel options

Biodiesel blends encompassing a combination of biodie-
sel and conventional diesel fuel have garnered consider-
able interest as a feasible and ecologically sound substitute
for solely petroleum-derived diesel. These blends are clas-
sified by utilizing the “BXX” notation, wherein XX repre-
sents the proportion of biodiesel present in the combination.
The selection of blend ratio is a critical factor in determin-
ing both the environmental implications and engine compat-
ibility (Bach et al., 2021). Figure 1 represents the diverse
alternative fuels for reducing carbon emission from marine
transport.

One of the key benefits associated with the utilization of
biodiesel blends is their capacity to mitigate the environ-
mental impact of diesel engines. Combinations such as B5
(consisting of 5% biodiesel) and B10 (comprising 10%
biodiesel) facilitate a progressive shift from traditional die-
sel to biodiesel, enabling machinery to function with dimin-
ished particulate matter emissions and greenhouse gases
(Tan et al., 2022). As the biodiesel percentage increases, so
do the environmental benefits, contributing to cleaner air
quality and reduced carbon emissions (Verma and Goel,
2023). However, it’s essential to balance environmental
objectives and engine performance, as very high biodiesel
concentrations can have distinct properties, like increased
viscosity and lower energy content, which might affect
engine efficiency and fuel economy (Harahap et al., 2023)
Engine compatibility is a crucial consideration when using
biodiesel blends. While most modern diesel engines can run
on B5 or B10 blends without significant modifications,
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Alternative fuels for
reducing carbon
emission from marine
transport

HYDROGEN

+Enable zero-emission (with
fuel-cell)

+Can be produced from
electrolysis near ports

‘Low energy density
-Extensive flammability
-Expensive

+Absence of supply bulk
storage and bunkering
infrastructure

ELECTRICITY

+Can be used in most of the -Enable zero-emission
engine

+Can be stored at low pressure
and high temperature

-High toxicity and expensive
+Absence of supply bulk
storage and bunkering
infrastructure

-Generate higher greenhouse

-High efficiency

Expensive and not practical
in ocean

-High battery costs
+Applicability is limited to
short-range low-power
coastal vessels

Figure 1

higher blend ratios may require engine adjustments. Manu-
facturers often provide guidelines and recommendations
for specific engine models, ensuring users can choose the
blend ratio that best suits their engine’s design and perfor-
mance requirements (Langerak, 2023). In addition to envi-
ronmental and engine compatibility considerations, the
availability and regulatory landscape of biodiesel blends
should be taken into account. Fuel availability can vary
depending on location and market demand, so assessing
the local supply chain is essential to ensure a consistent
source of the desired blend. Furthermore, regulatory com-
pliance is critical, as different regions may have specific
standards and requirements for biodiesel blends, ensuring
they meet quality and performance criteria (Razzaq et al.,
2021). Proper storage and handling of biodiesel blends are
also essential. Like pure biodiesel, these blends can be
susceptible to microbial growth and oxidation if not man-
aged correctly. Adequate filtration, storage tanks, and
maintenance procedures are vital to keep the fuel system
clean and maintain engine performance over time (Sahu
et al, 2022).

In summary, biodiesel blends present a versatile and en-
vironmentally viable strategy for mitigating the ecological
consequences associated with diesel engines. The selec-
tion of the mix ratio should be guided by factors such as
engine compatibility, ecological aims, local legislation,
and practical considerations (Fragkos, P. 2022). Through
meticulous selection of the optimal blend ratio and adher-
ence to recommended protocols for storage and handling,
the utilization of biodiesel blends can effectively contribute
to the advancement of cleaner and more sustainable trans-
portation alternatives while upholding engine performance
and dependability (Sayyed et al., 2022).

‘Produce less carbon emission
Expensive and extremely
*Production capacity and

‘May emit higher NOx and

BIO FUEL BIO METHANOL

+Can be carbon neutral

AMMONIA

+Can be used in most of the
Renewable and biodegradable +Compatible with existing
infrastructure and engine

systems

engine

+Can be stored at low pressur
and high temperature

-High toxicity and expensive
+Absence of supply bulk
storage and bunkering
infrastructure

-Generate higher greenhouse

limited

-Expensive fuel close to or
higher than conventional fuel
+Absence of bunkering
infrastructure

bunkering availability

PM emissions

Alternative fuels for reducing carbon emission from marine transport

4 Quality assurance in biodiesel: from
production to marine engine performance

Biodiesel blends comprising a combination of biodiesel
and conventional diesel fuel have garnered considerable in-
terest as a feasible and ecologically sustainable substitute
for solely petroleum-derived diesel (Akkoli et al., 2021).
These blends are categorized using the “BXX” notation, in
which XX represents the proportion of biodiesel in the
mixture. The selection of blend ratio is a critical factor in
determining both the environmental implications and engine
compatibility (Bakir, et al, 2022).

One of the key benefits of using biodiesel blends is their
capacity to mitigate the environmental impact of diesel
engines. Mixtures such as B5 (consisting of 5% biodiesel)
and B10 (composed of 10% biodiesel) provide a progres-
sive shift from traditional diesel fuel to biodiesel, enabling
engines to function with less emissions of particulate mat-
ter and greenhouse gases (Kaniapan et al., 2021). The aug-
mentation of biodiesel concentration is accompanied by a
corresponding increase in environmental advantages, posi-
tively contributing to improving air quality and mitigating
carbon emissions. Nevertheless, achieving a harmonious
equilibrium between ecological goals and engine function-
ality is imperative. This is because excessively high levels
of biodiesel might exhibit unique characteristics such as
heightened viscosity and reduced energy content, potentially
impacting engine efficiency and fuel economy (Devarajan
etal., 2021).

The topic of engine compatibility holds significant im-
portance in using biodiesel blends. Although most contem-
porary diesel engines can operate with B5S or B10 blends
without substantial alterations, the utilization of higher
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blend ratios may necessitate specific improvements to the
engine (Masera el at., 2023). Manufacturers frequently offer
Guidelines and recommendations to users of particular
engine types to enable educated decision-making regarding
the optimal blend ratio that aligns with the engine’s design
and performance prerequisites (Noor et al., 2021).

In conjunction with assessing environmental and engine
compatibility factors, it is imperative to evaluate the acces-
sibility and regulatory framework of biodiesel mixes. The
availability of fuel might be subject to geographical varia-
tions and fluctuations in market demand (Tadros, et al.,
2021). Therefore, assessing the local supply chain to secure
a reliable and uninterrupted source of the necessary fuel
blend is crucial. In addition, it is imperative to emphasize
the significance of regulatory compliance in the context of
biodiesel blends. This is because various geographical areas
may impose distinct rules and prerequisites, necessitating
adherence to quality and performance benchmarks (Madey,
V. 2022).

The adequate storage and appropriate treatment of
biodiesel blends are crucial factors. Like pure biodiesel,
these mixtures may be prone to microbial development
and oxidation if not effectively controlled (Chountalas et
al., 2023). Ensuring proper filtration, employing suitable
storage tanks, and implementing regular maintenance
methods are essential for preserving the cleanliness of the
fuel system and sustaining optimal engine performance
throughout its lifespan (Okubo and Kuwahara, 2019).

In summary, biodiesel blends present a versatile and en-
vironmentally conscious strategy for mitigating the eco-
logical consequences associated with diesel engines. The
selection of the mix ratio should be determined by factors
such as engine compatibility, environmental goals, regional
restrictions, and practical constraints (Torres-Garcia et al.,
2020). Through meticulous selection of the optimal blend
ratio and adherence to recommended protocols for storage
and handling, the utilization of biodiesel blends has the
potential to enhance the cleanliness and sustainability of
transportation systems while ensuring the preservation of
engine performance and dependability (Yaliwal et al., 2022).

5 Lubricity and maintenance considerations
in biodiesel-powered marine engines

Compared to regular diesel fuel, biodiesel’s distinctive
lubricity qualities have significant ramifications for the op-
eration and maintenance of diesel engines. Biodiesel is rec-
ognized for its exceptional lubricating properties, princi-
pally attributed to its elevated oxygen content and the inclu-
sion of inherent lubricity ingredients (Tadros et al., 2022).
The intrinsic lubricating properties of this substance can
be advantageous for various engine parts by mitigating
friction and minimizing wear, potentially prolonging the
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engine’s operational longevity. Nevertheless, this distinc-
tive attribute also requires meticulous deliberation and
adaptations in the machine’s upkeep (Wojcieszyk et al.,
2019).

An essential factor to consider is the compatibility of
the fuel system with biodiesel, especially in older engine
models or those constructed with materials that may need
to be optimally suited for the qualities of biodiesel. The
lack of compatibility between engine components can give
birth to various problems, including corrosion and other
related issues. It is imperative to adhere attentively to the
instructions and guidelines provided by manufacturers to
prevent such issues (Awad et al., 2020).

The careful consideration of fuel filters is also necessary
in biodiesel utilization. The solvent qualities of biodiesel
can remove deposits or pollutants in the fuel system, which
may obstruct filters. Regular inspection and replacement of
gasoline filters are vital to uphold unimpeded fuel flow and
guarantee optimal engine performance. The selection of
suitable engine oil is an additional crucial factor to con-
sider. The lubricating properties of biodiesel may impact
the choice of motor oil. Seeking advice from the engine
manufacturer or a lubrication specialist can assist in identi-
fying the most suitable engine oil to enhance the lubricating
characteristics of biodiesel and guarantee the highest engine
efficiency (Vellaiyan, S. 2023).

Over a prolonged duration, the utilization of biodiesel
has the potential to lead to the formation of deposits within
fuel injectors. Regular maintenance or cleaning of injec-
tors may be necessary to mitigate fuel system complica-
tions and uphold regular fuel atomization, a critical factor
in promoting effective combustion. Ensuring the compati-
bility of seal materials employed in the engine is crucial
to mitigate the risk of leaks or deterioration of seals upon
exposure to biodiesel (Venu et al., 2021). The gel point of
the biodiesel blend should be considered in cold areas, as
biodiesel has the potential to solidify at greater tempera-
tures than traditional diesel fuel. It is advisable to imple-
ment preventive measures to mitigate the occurrence of fuel
gelling within the engine or fuel lines. Maintaining biodie-
sel quality and preventing contamination necessitate adher-
ence to appropriate fuel storage protocols. Storing biodiesel
in water-free tanks is imperative to prevent microbial
growth and fuel breakdown (Sharma et al., 2022). Ensur-
ing regular engine maintenance is essential while utilizing
biodiesel. The implementation of scheduled maintenance,
which encompasses comprehensive inspections and the
replacement of components as necessary, serves as a pro-
active measure to mitigate potential concerns before they
progress into significant problems (Kumar et al., 2022).

In conclusion, the enhanced lubricity of biodiesel pres-
ents several potential benefits in mitigating engine wear.
However, it is imperative to acknowledge the unique char-
acteristics of biodiesel and their consequential effects on
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engine performance. By adhering to the guidelines provided
by manufacturers and implementing best practices in main-
tenance and fuel handling, diesel engines can effectively
utilize biodiesel and mitigate any potential issues associated
with lubricating qualities (Wu et al., 2020).

6 Building a sustainable biodiesel supply chain
for India’s energy future

Establishing a dependable supply chain for biodiesel in
India necessitates a comprehensive approach involving
careful strategizing and precise implementation through-
out each phase. Commencing with the process of feed-
stock sourcing, the detailed and deliberate choice of suit-
able and environmentally sustainable feedstock sources is
paramount. This entails assessing the accessibility and cost-
efficiency of alternatives, such as non-edible oils, waste
cooking oil, and microalgae. The establishment of robust
collaborations with feedstock suppliers is vital in order to
secure a reliable and superior supply for the manufacturing
of biodiesel (Giiliim, 2022).

Transitioning to the phase of biodiesel production neces-
sitates the presence of well-planned and highly effective
manufacturing facilities. To ensure the production of
biodiesel that fulfills the required parameters, these facili-
ties must strictly adhere to rigorous quality standards. En-
suring product uniformity necessitates the implementation
of routine quality control tests (Wategave et al., 2021). The
distribution network is a crucial element within the broader
supply chain framework. The safe and efficient transporta-
tion of biodiesel from production facilities to distribution
sites is vital. As mentioned earlier, the requirement entails
establishing storage facilities and transportation techniques
appropriate for biodiesel, emphasizing ensuring safety and
adherence to environmental regulations. To enhance con-
sumer accessibility to biodiesel, a comprehensive network
of refueling infrastructure is required. This entails the im-
plementation of biodiesel refueling stations at strategically
chosen sites, with a preference for integration with pre-
existing diesel refueling infrastructure and the assurance
of biodiesel blend accessibility at these stations (Masera
and Hossain, 2019).

Government policies and incentives are crucial factors
in stimulating investment within the biodiesel business.
Supportive policies, such as blending mandates and tax
incentives, can promote growth and facilitate the wide-
spread acceptance of a particular product or service within
the market (Devarajan et al.,2020). Sustainable collabora-
tive research and development endeavors must be sustained
to enhance production processes, ensure feedstock avail-
ability, and promote engine compatibility. These efforts
are crucial for supporting innovation and sustainability
(Tabatabaei et al., 2019). Consumer awareness campaigns

are of significant importance in disseminating knowledge
to the broader public regarding the diverse benefits associ-
ated with biodiesel, spanning both environmental and eco-
nomic dimensions. The stimulation of demand for biodie-
sel can be achieved by highlighting its positive impact on
the reduction of carbon emissions and by advocating for
the use of sustainable agriculture methods (Narwane et al.,
2021).

Integrating environmental sustainability as a fundamen-
tal principle across the whole supply chain is necessary to
mitigate the adverse environmental impacts of feedstock
production, processing, and transportation. Finally, imple-
menting contingency planning is necessary to manage and
mitigate potential disruptions effectively, guaranteeing the
seamless continuity of biodiesel transportation within the
supply chain. By employing careful strategic planning, strict
adherence to established quality standards, and a steadfast
dedication to sustainability, India has the potential to culti-
vate a resilient biodiesel supply chain that effectively con-
tributes to energy security, diminished greenhouse gas
emissions, and the promotion of sustainable agricultural
practices (Gupta et al., 2022).

7 Detailed overview and government policies
for the and evaluating the economic viability
adoption of biodiesel in Indian maritime
operations

The Indian government has strategically devised various
policies and programs to promote biodiesel uptake in the
maritime industry. One of the prominent initiatives in this
regard is the National Biodiesel Mission, which prioritizes
the promotion and development of biodiesel production and
consumption. The objective of this mission is to decrease
the dependence on conventional fossil fuels by advocating
for the utilization of non-edible oilseeds as the principal re-
source for the production of biodiesel. The prioritization
of non-edible oilseeds aims to reduce the potential conse-
quences of edible oils, thereby ensuring the protection of
food security (Saravanan et al., 2020).

Aligned with its overarching objective, the Biofuel Poli-
cy of India assumes a prominent position, emphasizing the
advancement of biofuel sources that do not compete with
food production. This study emphasizes the utilization of
non-edible oils and agricultural waste as primary sources
for creating biodiesel. The primary objective of this strate-
gic approach is to mitigate any adverse consequences on
the food supply chain, guaranteeing that the production of
biofuels does not impinge upon the accessibility or cost-
effectiveness of food supplies (Rao et al., 2024).

Furthermore, the government is now pursuing strategies
aimed at promoting and incentivizing the production
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and consumption of biodiesel through the provision of tax
incentives and subsidies. Incentives, such as exemptions
or lower taxes on biodiesel production, sale, or consump-
tion, are crucial in stimulating the adoption of biodiesel by
both industry and consumers. Financial support contrib-
utes to the improved economic sustainability of biodiesel,
rendering it a more appealing and viable alternative (Tuli
& Kasture, 2022).

The proper implementation of these programs, together
with the development of necessary infrastructure, techni-
cal breakthroughs, and ongoing support and collaboration
between the government and commercial sectors, is cru-
cial for their successful fulfillment. It is advisable to stay
informed about the newest government publications and
official statements to keep abreast of the evolving nature
of policies and activities (Singhal et al., 2020).

Evaluating the cost-effectiveness of biodiesel for marine
operations in India is a complex undertaking that necessi-
tates a thorough examination of multiple elements. The
availability and affordability of biodiesel feedstock are sig-
nificant factors that influence the biodiesel industry. Vari-
ous choices, such as non-edible oils, waste cooking oil, and
microalgae, are being examined as potential feedstock
sources. Compared to traditional diesel, the cost-effectiveness
of these feedstocks is contingent upon their accessibility
and cost competitiveness (Vidovi¢ et al., 2023).

Additionally, biodiesel providers or producers’ utiliza-
tion of production methods holds significant importance.
Typically, the use of more efficient and cost-effective pro-
duction techniques results in reduced overall costs for
biodiesel. Hence, assessing the efficacy and costs linked to
the selected mode of production is imperative. The careful
selection of the optimal biodiesel mixes for marine engines
is an essential factor to be considered. The advice of engine
manufacturers and local restrictions should guide the deci-
sion. The blend selection can impact multiple factors, in-
cluding the financial implications and the performance and
adherence to regulatory standards of the engine. The com-
patibility of the engine is a crucial determinant. Modifying
marine engines to operate optimally on biodiesel may entail
early financial investments. Thoroughly evaluate the ex-
penses and prospective economic benefits that may accrue
in the long run (Sagin et al., 2023).

The consideration of price stability holds significant im-
portance. Although biodiesel prices may experience fluctu-
ations, they generally exhibit lower volatility than regular
diesel fuel. The strength mentioned above can yield signifi-
cant cost-saving advantages over an extended period. It is
advisable to investigate governmental incentives, subsi-
dies, or grants specifically designed to encourage the utili-
zation of biodiesel. The financial advantages could impact
the equation of cost-effectiveness significantly (Perin and
Jones, 2019). Monitoring maintenance expenses is of ut-
most importance due to the distinct lubricating qualities of
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biodiesel in contrast to conventional diesel fuel. When
evaluating cost-effectiveness, it is essential to include any
modifications in maintenance expenditures, explicitly of
engine lubrication and the impact on wear and tear (Khan et
al., 2020). The ecological advantages stemming from the
decreased emissions from using biodiesel should be consid-
ered. This analysis aims to quantify the possible financial
benefits that can be derived from reducing emissions and
assess whether there are any regulatory or incentive-driven
advantages associated with lower emissions (Khan et al.,
2021).

It is imperative to take into account appropriate storage
and handling protocols (Rao et al., 2024; Sevim and Zincir,
2022; Singh et al., 2022; Soudagar et al., 2021; Vickram et
al., 2023). Preserving biodiesel quality may necessitate
using specialized storage tanks and implementing safety
protocols, potentially increasing operational expenses.
The critical aspect of your biodiesel supply chain lies in its
reliability, encompassing the entire process from feedstock
procurement to delivery. Disruptions have the potential to
lead to higher expenses or operational disruptions (Kothari
et al., 2020). To arrive at a well-informed decision, it is
crucial to thoroughly evaluate costs and benefits, consider-
ing immediate and enduring consequences. Evaluate the
return on investment (ROI) of integrating biodiesel into
marine activities (Boopathy et al., 2020). Furthermore, it is
imperative to perform comparative analyses, including other
fuels, such as liquefied natural gas (LNG) or hydrogen, to
assess their viability. Additionally, examining the continued
utilization of traditional diesel fuel is crucial. The compre-
hensive assessment would enable well-informed decision-
making on the cost-effectiveness of biodiesel for a particular
maritime fleet (Awogbemi, et al., 2021).

8 Potential drawbacks and International
regulation of using biodiesel in Marine engine

The utilization of biodiesel in marine engines presents a
range of obstacles to the resilience of the supply chain,
the economic viability of the technology, and the level of
acceptance from the general population (Prasad et al.,
2020; Christodoulou et al., 2023; Dwivedi et al., 2021;
Lubchenco and Haugan, 2023). The landscape of supply
chain resilience is intricate, primarily because of the avail-
ability of feedstock. The dependence on agricultural or
waste sources presents vulnerabilities that are susceptible
to market changes, probable crop failures, or fluctuations in
trash availability. In addition, the complex logistical aspects
associated with the acquisition of feedstock, the manufactur-
ing process, and the distribution of biodiesel may give rise
to vulnerabilities that could impact the reliable provision of
biodiesel for marine operations (Awogbemi et al., 2021).

The issue of economic viability is another aspect of con-
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cern. The expenses associated with the manufacturing of
biodiesel, primarily when obtained from non-traditional
sources, may exceed those of conventional fossil fuels.
The economic viability of biodiesel production, storage,
and transportation may be affected by the financial consid-
erations involved, as well as the significant expenditure re-
quired to retrofit or construct infrastructure. This could par-
ticularly pose challenges for smaller maritime operators
(Wojcieszyk et al., 2019). The public perception and aware-
ness of biodiesel in maritime applications provide signifi-
cant barriers to its widespread acceptance. Concerns sur-
rounding the efficiency of the technology, issues about
engine compatibility, and apprehensions regarding per-
formance may pose obstacles to its widespread implemen-
tation. Furthermore, the implementation of biodiesel on a
large scale has considerable challenges in terms of modify-
ing existing industry procedures and promoting a shift in
behavior towards its use (Ravikumar et al., 2022).

The resolution of these complex difficulties necessitates
a collective endeavor. Ongoing research and development
play a vital role in improving the accessibility of feedstock,
refining production processes, and ensuring compatibility
with engines. The economic viability and accessibility of
biodiesel for maritime operations could be enhanced by gov-
ernment assistance through subsidies and policy incentives.
Educational outreach programs are crucial in debunking
misunderstandings, enhancing knowledge, and fostering
acceptance within the industry and the public (Akram et
al., 2022). The collaboration and synchronized endeavors of
governmental bodies, industrial sectors, researchers, and the
public are crucial in overcoming these challenges and facili-
tating a smoother incorporation of biodiesel in maritime
propulsion systems (Boopathy et al., 2020; Bosnjakovi¢
and Sinaga, 2020; Bouman et al., 2017).

The regulation of biodiesel utilization in marine engines
worldwide is encompassed by a range of maritime treaties
and rules that oversee environmental preservation and
operational criteria. Nevertheless, there needs to be clearer
laws or standards explicitly addressing the utilization of
biodiesel in marine engines. Instead, it falls under the pur-
view of more comprehensive regulations that govern fuel
usage and emissions within the maritime sector (Tadros et
al., 2021). The International Maritime Organization (IMO)
establishes comprehensive standards that have a signifi-
cant influence on the utilization of various fuels in marine
engines, primarily aimed at mitigating emissions and fos-
tering environmental sustainability (Ravikumar Jayabal,
2020). The International Maritime Organization’s (IMO)
regulations about fuel quality and emissions management
exert a substantial influence on the application of biodiesel
in marine engines. Implementing rules such as the global
sulfur cap and the establishment of Emission Control Areas
(ECAs) exemplify measures aimed at enforcing the reduc-
tion of sulfur content in marine fuels, with the primary

objective of mitigating air pollution. Biodiesel, renowned for
its little sulfur content and diminished emissions, exhibits
compatibility with these rules, rendering it an appropriate
selection for adherence (Ravikumar Jayabal, 2020). Although
there is no explicit international rule exclusively address-
ing the utilization of biodiesel in marine engines, extant
regulations of emissions, fuel quality, and environmental
preservation implicitly exert influence and promote the
adoption of cleaner and more sustainable fuel alternatives
like biodiesel. The adherence of biodiesel to these norms
and standards establishes it as a feasible and more appeal-
ing alternative for the maritime sector, aiming to mitigate
its ecological footprint (Tadros et al., 2023).

9 Developing trends

The development trends in non-consumable biodiesel as
a sustainable alternative fuel for marine diesel engines
involve multiple aspects (Mallouppas and Yfantis 2021;
Manikandan et al., 2022; Moshiul et al., 2022; Nouni et
al., 2021). The objective of technological breakthroughs
is to enhance production processes and investigate the devel-
opment of enhanced biofuel generations. Research is now
being conducted to optimize biodiesel blends by investigat-
ing blending methodologies, with the aim of achieving
compatibility and maximizing environmental advantages.
The emphasis lies on comprehending and measuring the
reduction of emissions, as well as cooperating with regula-
tory entities to establish standards. Efforts are underway to
create favorable legislation, incentives, and subsidies, as
well as invest in infrastructure and install biodiesel fuelling
stations. The integration of worldwide cooperation and life
cycle assessments are crucial in adopting a complete strategy,
while ongoing initiatives aim to enhance public knowl-
edge and approval. These trends indicate a changing land-
scape with continuous efforts to improve the practicality and
acceptance of non-edible biodiesel in the maritime industry
(Aguilar-Rivera et al., 2021; Akram et al., 2022; Bajpai R ,
2023).

10 Conclusion

Biodiesel integration in Indian marine diesel engines
holds significant promise for sustainability. Derived from
renewable sources, biodiesel aligns with India’s emissions
reduction goals. However, complexities exist, emphasizing
the need for careful consideration. Engine compatibility,
adherence to guidelines, and strategic biodiesel blend
choices are pivotal for optimal performance. While biodiesel
brings environmental benefits, its unique lubricity requires
meticulous engine maintenance. A resilient supply chain,
regulatory compliance, and cost-effectiveness evaluations
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are crucial for successful integration. Ongoing research
enhances biodiesel production and marine engine efficiency.
Adoption of biodiesel in India’s maritime sector could
reduce carbon emissions, enhance energy security, and
align with global environmental goals. A comprehensive
approach is key to steering India’s marine activities toward
a sustainable and environmentally conscious future.
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