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Abstract— ship recycling pays attention globally as it becomes a need for sustainable development. Industrialized
countries begin to move ship recycling activities to develop nations where labor is paid cheaply, and safety and
environmental issues are not as strictly enforced. This challenge is mostly the effect of high costs as it occurs in a
standardized process. This paper aims to identify a design of a cleaner production concept to improve the ship recycling
model, where the negative impact caused by ship recycling needs to be minimized immediately through a sustainable
approach. In order to convert ship dismantling into Green Ship Recycling, there are several ship recycling regulations
that can be used as standardization and development that must be carried out based on guidelines related to technology
and facilities, material handling, worker and environment safety, ship recycling plans, and the layout.
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|. INTRODUCTION

After reaching End of Life (EoL), a ship no longer

has economic value. Ship waste requires a relatively
large cost and space and results in environmental
pollution. IMO (International Maritime Organization)
stated that a ship should not be operated after 25 years
old. In order to reduce the negative impacts of old and
obsolete vessels, there is a need for action to increase its
values and take care of its hazardous materials through
recycling.

In contrast, not many countries in the world hold
recycling End of Life (EoL) ships. Bangladesh, India,
and Pakistan are the only main destinations for the
dismantling of old vessels, which more than 80% are
directed there. It was estimated that this industry is going
to grow estimated 300 million Gross Tonnage (GT). This
certainly has an impact on the economic aspect of the
South Asian country which has a market share in the
scrap metal processing sector, such as COVID 19.
Global scale policies are needed that are not only
beneficial from an economic point of view, but can also
reduce negative impacts on supply chains and encourage
sustainable development [1].

Choi et al. [2] analyzed a cost benefit and an
environmental life cycle assessment to find out the
impacts of the economic and environmental feasibility to
three examples of end-of-life management. Countries
which implement recycling according to standards,
including the US, EU, China and Turkey. It was found
that under standard recycling can provide higher benefits
because labor costs and disposal of toxic materials are
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negligible, but standardized recycling can prevent the
release of hazardous contaminants such as ashestos and
oil into the environment while also offsetting the high
demand for new materials that can be provided through
recycling. It was suggested that beside considering
economic aspects, the recycling process should pay
attention to the standards in order to reduce
environmental pollution as well as safety for workers and
this can be done through a strict regulation. With the cost
of cutting ships, the ship recycling industry become a
very profitable business. Ship owners can also choose
ship raw materials, such as interior equipment, electrical
cables, engines, scrap metal, or pipes [3].

According to Hongkong Convention, the ship
recycling yard must have a storage facility for hazardous
material and an approved Ship Recycling Facility Plan.

This paper aims to identify strategies that can
increase the competitiveness of ship recycling yards by
minimizing costs incurred. The identification is followed
by the design of a clean production concept to enhance
the green ship recycling concept in reducing its structural
complexity and limiting the use of hazardous materials to
reduce recycling costs. It is very important to pay
attention to the technical aspects according to the
standards that must be applied in the ship recycling
industry.

Il. METHOD

This study used a qualitative approach aimed at
identifying a design of cleaner production concept to
improve ship recycling model. The study was conducted
a literature review which initially through the gathering
of documents, includes journal articles, conference
proceedings, and reports. The data was analyzed and
discussed.

I11. ANALYZE AND DISCUSSION

Ship recycling is a need after a ship reaching its EoL
which become a benefit for the ship owner while at the
same time can be a threat to the environment. Ko &
Gantner [4] in their study, evaluated the environmental


mailto:muh.riyadiftk@gmail.com
mailto:edaturan@yildiz.edu.tr

International Journal of Marine Engineering Innovation and Research, Vol. 7(4), Dec. 2022. 279-283

(pISSN: 2541-5972, elSSN: 2548-1479)

impacts quantification and local added value, also
developed indicators of eco-efficiency. They found that
Asian shipbuilding and offloading had to suffer a greater
environmental impact while European shipowners
reaped huge profits from the process.

Brazil, especially in the Amazon region, has a large
enough potential for the ship recycling market. From the
data obtained, 3.8 million tonnes of steel were detected
from 5,319 End of Life (EoL) vessels. However, this is
not balanced with facilities for ship recycling yard,
therefore it has the potential to cause environmental and
social impacts and will lose a considerable business
opportunity. For example, there are about 340 ships in
the next 25 years in Brazil that require recycling with an
estimated market value of US $ 587 million while in the
EU, in 2016 the value of vessels recycled was US $ 1.17
billion (US $ 250 / LDT). From the results of this study
said that, recycling is a need as a solution for the rapid
growth number of ships. Economically, recycling can
support economic growth while for the environment,
recycling can reduce the residue of hazardous substances
from ships parked in rivers or ports. From this study it is
concluded that Brazil will dominate the market of ship
recycling if it is accompanied by an infrastructure that
meets the standards of the Hong Kong Convention and
European regulations [5][6]. Ship recycling is one of
catalysts for the economy by providing 80-90% the
needs of steel and generated huge employment.
However, it has faced a challenge due to its negative
impacts to environment and social aspects.

Hossein et al. [7] What is discussed in this paper is
the impact of cutting old boats on workers and the
environment. it is said that the cause of this is due to the
absence of strict rules applied in the industry. Therefore
ship recycling activity causes very high marine pollution
due to chemical substances such as heavy metal,
polycyclic aromatic  hydrocarbons (PAH), and
polychlorinated biphenyl compounds (PCB) which will
threaten the marine ecosystem, especially from threats to
human health. Unfortunately, ship recycling activities are
still needed because there is always the potential for
ships to reach EOL. Therefore, according to him, it is
very important to pay attention to the technical aspects
according to the standards that must be applied in the
ship recycling industry.

Today's prior challenge is related to the under-
standard ship dismantling process occupied by most ship
recycling owner. This challenge mostly the effect of high
costs as it occurs in the standard and strict process. This
standard affects to higher cost, also with strict regulation
results in a more systematic process.

Three main strategies found through this research
was: (1) analysis of material flow to develop the the
process planning of ship recycling in order to reduce the
cost; (2) wuse of proven waste-to-energy (WtE)
technology to increase ship recycling yard revenue
through waste utilization; (3) ship design used the
design-for recycling concept in reducing their structural
complexity and limiting the hazardous materials assisting
use to lower the recycling costs [8].

Hong Kong Convention (HKC) defines recycling as a
process of ship dismantling at a ship recycling yard for
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reprocessing and reusing the components and material,
taking care of the hazardous materials, until storing and
treating materials and components. However, the HKC
still has several weaknesses, such as with the exception
of certain ship classes, for states of recycling to join the
convention and its associated procedures including
surveying and certification are given little incentive. In
May 2009, the International Maritime Organization
(IMO) has added the HKC as a measure to address
growing concerns about the environmental, health and
safety risks of ship recycling. This has resulted in a
mismatch between existing legal instruments and ship
recycling practices.

HKC for Safe and Environmentally Friendly Ship
Recycling is a work procedure that complies with IMO
standards which recognize issues related to ship
recycling that are of international concern. Although
there are still gaps, this effort is considered safe and
environmentally friendly [9].

However, recycling comprises a process to extract
and recover materials and it is not ended after ensuring
its waste, disposal, and other hazardous material have
been taking care. Recycling yard or facility should
recycle old vessels consistently based on the standard
and regulations. Activities include recycling need to be
aware of worker safety and the environment. This
standard formulates by some organization, for instance,
the Basel Convention which focuses on hazardous
materials, and Hongkong Convention which focus on
environmentally ship recycling. Today's dismantling
activities refer to the manufacture industry which gives
supply to the metal industry and prepare used
components for the wider market. The ship recycling
industry has obligatory to define methods of the proper
process (dicking, cutting, decoating, and material
handling) [10].

Beside the huge need of recycling, in the other hand it
also cause a damage to the environment. Neser et al. [11]
found that the adverse effects occurred in the bay of
Aliaga, one of Turkey's most important maritime zones,
which is home to shipping activity, the shipbuilding
industry, steel works and the petrochemical complex.
Where the pollution that occurs is mostly petroleum due
to ship scrapping activities. This article gives the result
that Aliaga has the potential to contain toxic materials
from the results of the TEL / PEL analysis carried out.
This study examines the possibility of noise exposure
impacting workers in ship recycling yard. An area
mapping was conducted to determine the areas that have
the highest level of risk and sources that result in noise
exposure. Where the results of the studies carried out are
then compared with the exposure standards determined
by the European Union Physical Agent. From these
results, under standard ship recycling cause many risks
to the workers, one of them is hearing loss which may be
happened if they do not protected by ear protection [12].

The condition of the shipbreaking yard is related to
the flow of material in the Chinese shipyard. In China, it
has a huge potential in the ship recycling sector, but the
existence of policies along with market developments
threatens the decline of this sector. Therefore the results
of this study require China to evaluate the ship recycling
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facility in an effort to maintain the sector, considering
that the Chinese fleet has a potential demand in repair
and restoration services, in this case ship recycling [13].

In the other hand, the state also need to consider tax
for this industry. Sunfeng du et al. [14] gave example
from China as one is one of the recycling destinations
that pay attention to environmental health and worker
safety standards but is less desirable because the cost is
outweighed by recycling plants from developing
countries. One of the reasons for the high cost of
recycling in China is high taxes. In this paper, the
environmental problems and economic impacts of China
are analyzed, including the producer target and the price
of recycled steel which has the potential to decline. It
was recommended several solutions and strategies for
China's ship recycling facilities. In this study, it
examines the possibility of marine pollution around the
waters of Aliaga which is caused by the density of ship
recycling activities. by assessing the content of
hazardous chemicals contaminated in these waters. The
results of the study that marine pollution has occurred
due to a lack of attention to pollution regulations in the
industry, therefore strict supervision is needed for the
long-term sustainability of the recycling process in the
shipbuilding industry [15].

Recycling means turn rubbish or waste into value but
wider definition to ship recycling mainly should be
related to improving health, safety, and environment
besides its economic values. Although, some studies
found recycling process result pollution and harmful to
human and environment, in the other hand, with obeying
the standard, it enables to re-use valuable material and
reduces the need for mining, a damage practice for the
environment [16].

Ship recycling has been practicing a circular
economy that converting energy waste, employment
waste, and wealth waste [17]. Some countries work on
recycling for commercial reason to make money from
the waste of old vessels. With respect to the previous
reason, learning from some countries who play the
biggest role in recycling (India, Bangladesh, and
Pakistan), it should not rely only on economic reasons,
but obey the standard however it is more costly.

Reviewing the IMO rules regarding design attributes,
the researcher collected and analyzed a recycled design
consisting of three stages: (1) initial ship design, (2)
design of layout and equipment items and (3) hazardous
materials / systems onboard, from the three stages still
need development with a holistic approach to reviewing
the ship's recycling status, the three stages are analyzed
and developed by discussing the roles and
responsibilities of all parties involved in the design,
construction, operation, repair, survey, conversion, lay-
up and demolition [18].

Jain, et al. [19] developed a recycling model which
started from shipbuilding, the following study analyzed a
direct model by Veeke, Ottjes, and Lodewijks to
recycling which divides it There are three main stages,
namely the first stage of precutting, cutting, sorting and
separating materials. Each stage is carried out in stages
and sequentially. In this study, the assessment method of
three-step risk used to reduce risk and improve safety at
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ship recycling sites carried out through a systematic
pedagogical approach by production managers, safety
officers, safety supervisors and expert monitors in order
to minimize occupational risks in ship breaking and
recycling yards.

Comparing those two models above, the former
model is a comprehensive manner in providing
sustainable development ships from the very beginning,
while the second model mostly to provide a solution for
the existing EoL ships. Furthermore, the former model
can be completed by the second model, especially in the
dismantling stage.

The previous research provides a method use scenario
with consistent and validated results was performed in 35
ship recycling yards [20]. At the the first step,
preparation of plan for safe ship recycling was done,
followed by hazardous job tasks identification. The last
was a deeper risk assessment and recommendations to
minimize risk. Through these three-step risk the risks
that can occur from each stage of recycling can be
anticipated to minimalize risk from each recycling
activities [21].

In the other hand, Hiremath et. al. [22] in their studies
recommend a model of ship recycling plan typically used
in Alang port, India. In this study, 241 vessels were
sampled from six different types of vessels that are at
risk of triggering emissions. This model provides
information of tacit knowledge collection planning as
well as in priority areas identified for developing
interventions to minimize risks and environmental
degradation, especially in non-formal, labor-intensive,
and primitive industrial sectors.

Alam et al. [21] argued that there are several
regulations for ship recycling that could be adopted for
standardization. As the IMO regulate the global standard
for the shipping industry related to the setting authority
for the safety, security and environmental performance
of international shipping. IMO has full responsibility for
regulating issues regarding ship recycling as well as
providing a description of problems caused by the
process of design, construction and operation of ships
that may affect the preparation for recycling on board.
This study examines the impact of a regulatory
framework complied with international instruments in
tackling the recycling problem in Bangladesh. Through
this study it can be concluded that if Bangladesh is one
of the largest countries in ship recycling and is a country
that can last a long time to meet the demand for iron ore
and involves a lot of labor, at relatively lower costs, but
with the greatest damage to the coastline as one of the
greatest natural damage. Hence, Bangladesh is expected
to change its policy or introduce a new legislative
scheme based on the core values of the Basel
Convention. The control of the disposal and cross-border
movement of hazardous waste was regulated for the first
time in regulations regulated through the Basel
Convention. The regulation discusses how to prevent and
control hazardous waste traffic. [23].

The related regulation was also discussed in the Hong
Kong Convention which regulates environmentally
friendly recycling of ships which aims to provide
solutions related to ship recycling problems, as well as
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the consequences of environmental and health pollution
that occur at various ship recycling locations. The results
of the convention are used as initial guidelines in
drafting ship recycling regulations. [24].

According to Jain et al.[25], ship recycling which has
met international standards, the operational costs are
quite high, however, there needs to be a solution to
become green ship recycling but the cost remains
affordable. This study analyzes multidisciplinary
scientific tools and techniques that can be used to make
green ship recycling economically attractive to ship
owners with HSE standards. It is recommended to apply
a friendly recycling model which consider environment
and worker safety, for instance green ship recycling. This
approach is a ship recycling solution with a lower risk of
environmental pollution and safety by applying Material
flow Analysis (MFA) which allows shipyards to manage
waste and resources better at a lower cost.

IV. CONCLUSION

A ship has a life span of an average of 25 years
which becomes a sign of a ship's End of Life. This means
the old ship should turn to the recycling process.
However, the recycling process will only reach
sustainable development if it meets the standard.
Therefore, regular monitoring in the shipbreaking yards
and optimization of the scrapping equipment and
processes are vital for sustainable shipbreaking. To
change Ship Breaking becomes a Green Ship Recycling
Model, the development of which should be done based
on guidelines such as facilities and technology, material
handling, the environment, and the worker's safety, Ship
Recycling Plan, and Layout. However, recycling
comprises a process to extract and recover materials and
it is not ended after ensuring its waste, disposal, and
other hazardous materials have been taken care.
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