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ABSTRACT

As a result of the growing global population, concerns about the energy crisis and sustainability issues are
studied by researchers and policymakers to make a transit from a linear to a circular economy. However, the
recycling of end-of-life (EOL) ships has long been a severely marginalized research area in the field of
circular economy, and many EOL ships are still adhering to the outdated linear model. The number, size, and
volume of ships being built around the world have consistently increased during the past 20 years. In near
future, the global ship recycling volume is anticipated to increase dramatically which will aid the circular
economy. Consequently, there is a necessity to develop a framework for ship recycling that will become a
roadmap to achieving a circular economy. Hence, this study identifies the factors associated with ship
recycling and creates a Multi-Criteria Decision Making (MCDM) framework using Interpretive Structural
Modelling (ISM). The framework identifies that the main driving factors for achieving an effective circular
economy through ship recycling are the government policies, the environmental and maritime regulations, and
the funding for the capacity building.

Keywords: Ship recycling, Circular economy, Interpretive structural modelling (ISM), Multi-Criteria Decision
Making (MCDM), End-of-life (EOL) ships, framework.

ship would normally demand a facility with
appropriate infrastructure capable of handling its
larger assets. For shipowners, this brings
difficulties in locating facilities with required
capability and capacity to handle large ships to
recycle in a timely, responsible, and financially
viable way. This is especially true for shipowners
of EU-flagged vessels, which are required to
recycle in EU-approved facilities [3].

1. INTRODUCTION

The growth of the global economy stimulates
both the demand for marine trade and shipping
capacity. In recent decades, the ship size and the
number have increased tremendously due to the rise
in demand. The innovations in maritime sector have
also enabled to lower the transportation costs. Since
1990, total Light Displacement Tonnage (LDT) has
increased by 3.5 times and the capacity of ships has

also expanded concurrently which has resulted Considering the current scenario, non-OECD
increase in international trade and reduction in South Asian countries like Bangladesh, Pakistan
transportation costs thus in turn reductions and India are more feasible to provide cost-efficient

in supply chain expenses. To decrease peak traffic recycling solutions. In these countries, a natural
at ports, port infrastructure and equipment both demand for steel combined with lower labour cost
have been altered over the years to accommodate and higher recycling capacity offers significantly

the increasing number and size of ships. However, higher steel-scrap prices to the ship owners. The
there hasn't been much thought given to the alternatives available to shipowners for selecting
efficiency and capacity requirements of the ship ship recycling yards outside of South Asia are few
recycling yards [1]. due to market conditions and capacity limitations

[4]. Hence, the current study is carried out to
identify the main driving factors for the ship
recycling yards in South Asia which would enable
these countries to achieve an effective circular
economy.

Concerns regarding the ability to recycle larger
ships exacerbate the capacity dilemma. Over the
past ten years, ships have grown dramatically in
size, with freight ships practically doubling in
capacity [2]. When it comes to recycling, a sizeable
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2. SHIP LIFECYCLE AND CIRCULAR
ECONOMY

The Ellen MacArthur Foundation describe circular
economy as "an economy that is founded on the
ideas of designing out waste and pollution, keeping
goods and resources in use, and renewing natural
systems". The economy is therefore created to be
regenerative and restorative [4, 5]. The circular
economy's guiding principles make a paradigm
shift in our way of thinking. Instead of focusing on
the individual components of a system, one must
take it into account as a whole system. In practice,
this entails starting with the design stage and
searching for remedies for the system's problems
while considering how a decision may affect
partners and operations.

SHIPBUILDIHG OPERATIONS | DISMANTLING

Reducing resource use and prolonging lifetime

Avoid use of hazardous materials

Reuse of parts during
maintenance and recycling

Y
()

Figure 1: Circular economy implementation on
ship lifecycle [4]
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To implement the concept of a circular economy R-
hierarchies are used. The most used one is the 3Rs
which means reduce the use of resource, reuse
resource, and recycle resource. In Figure 1, 4Rs are
shown, reduce, reuse, refurbish and recycle are used
to define circular economy in a ship’s lifecycle. More
complex hierarchies with up to 10 levels have
recently been developed as many sectors strive to
understand how circularity concepts may be used in
their operations [6].

The lowest level in the hierarchy shown in Figure 1
is recycling steel from ships since it concentrates on
processing commaodities to produce materials that are
identical to or of lesser grade. Reuse and
refurbishment are the next two phases in the
hierarchy which promote prolonging the lifecycle of
ship parts/ components and hence minimizing
negative consequences on environment. These
procedures can be "built" into the ship throughout the
design phase to guarantee that parts will be fixed and
can also be changed if required. The top level of the
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hierarchy is reduction in material use that can also be
"built-in" during the design phase to utilise fewer
materials and resources.

A strong vision can assist to differentiate between
the existing way of reasoning and the drastically
changed image of a circular economy, even though
such a transition takes time. Starting with the design
phase, including circular economy concepts requires
the designer to consider methods for reusing,
rethinking, and reducing ship components.

The ship's lifecycle and the circular economy are not
connected under the current maritime regulations.
Both the HKC (Hong Kong Convention) and the
EUSRR (European union Ship Recycling Regulation)
focus on the ecological responsibility and safer ship
recycling, however, they do not consider the design
for recycling and the lifespan of ship parts that are
repaired or can be reused after recycling of ship. A
direct allusion to circularity could not be anticipated
because both rules were written at a period when
circular economy ideas were not as extensively
discussed. They do, however, need to create and
maintain the (IHM) Inventory of Hazardous Materials
[7, 8]. IHM catalogues many hazardous substances
included in a ship's components and structures and
which must be transported with the ship from
construction to recycling. Irrespective of the number
of times ownership of the ship has been changed,
IHM is an essential and basic requirement towards
collaboration and greater circularity throughout the
lifetime. It also provides traceability and
responsibility throughout the cycle. To become
sustainable, the shipping sector must consider both
i.e., the marine environment and the stakeholders that
rely on them. The sector operates with accountability
and transparency [9]. It must promptly and
sustainably collaborate with authorities, investors,
owners, and ship recyclers within and outside of the
shipping sector for better sustainability. In the design
phase, only the working life of a ship is considered,
and end-of-life (EOL) is ignored to achieve zero
waste but design for circularity is a necessity.
Circularity connects all the stakeholders including
ship recyclers and increases the design modularity
which has a pivotal function in shipping's
sustainability journey [4].

3. NEED OF THE STUDY

Through past research, it is evident that a circular
economy plays a vital role in sustainable
development and there are very few studies that link
ship recycling with circular economy. However, there
is no study available that identifies factors of ship
recycling and develops a framework that helps in
achieving a circular economy. Thus, in this study, the
main aim is to identify the factors of ship recycling
and then develop a framework using Interpretive
Structural Modelling (ISM) through which circular
economy can be achieved.



4. ISM MODELLING USING
CRITICAL FACTORS OF SHIP
RECYCLING

In this study, ISM is used to develop Multi-Criteria
Decision Making (MCDM) framework. Warfield in
1974 develops the rational logic which was the
foundation of this methodology [10]. The
fundamental concept of the methodology is to change
the complex system into number of subsystems and
create a multilevel hierarchical structural model. ISM
modelling is done based on the steps given below:

(1) Fourteen critical factors influencing shipowners
and ship recycling practitioners for recycling a
ship are identified from various sources and
documented in Table 1.

Table 1: Critical factors of ship recycling
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certification

are recognized and audited
according to the set

standards.
9 Socio-economic | A hundred thousand jobs are [14,
wealth created for both skilled and 15,
unskilled workers through 28,
ship recycling which built 29]
socio-economic wealth
10 Reduce virgin Recycling of an average [1,
material carrier ship generates more 26,
liability than 30000 GT of steel which 30,
reduces virgin material 31]
liabilities
11 | Decarbonization Approx. 1 tonne of steel [1,
through ship produces 1.25 tonne of CO, 32,
recycling while extracted from iron 33]
ore. Global steel production
accounts for nearly 8% of
total CO,emissions. Ifall the
ship steel is recycled through
ship recycling, then it will
help in decarbonization.
12 Infrastructure Infrastructure development is [1,
development essential for proper waste 25,
management and cost- 26]
effective ship recycling.
13 Achieving Through ship recycling, [4, 6,
circular while following the 4Rs 26]
economy (reduce, reuse, refurbish and
recycle), a circular economy
can be achieved.
14 Standards & The regulations that are [2,9,
guidelines developed through the Basel 33-
development convention, HKC, and 36]

EUSRR are the basis of most
of the standards and
guidelines that are developed
for ship recycling.

S Critical Description Ref
No Factors
Creating direct | Ship recycling may boost the | [11-
market local economy and helps to 16]
opportunities establish SMEs by providing
material at a lower cost.

2 Creating in- A flea market can be set up [11-
direct market for using products that are 16]
opportunities retrieved through ship

recycling which helps to
create in-direct market
opportunities.

3 Government The government of South [8,

policies Asian countries like India 14,
and Bangladesh are making 15,
policies that enable ship 17,
recycling activities and China | 18]
government has barred ship
recycling activities for
foreign ships.
4 | Training & skill | To learn about the know-how | [19-
development of working-at-height, safe- 21]
for-entry, confined-entry,
safe-for-hot work, and for
safer and environmentally
sound ship recycling; training
and skill development is
essential.

5 Environmental Based on the Basel [7-9,

and maritime convention and Hong Kong 22,
regulations Convention (HKC) different 23]
regulations are formed by
different countries. However,
the EU Ship Recycling
Regulation (EUSRR) is
globally accepted.

6 Funding for Financial instruments, [12,
capacity incentives, tax benefits, and 14,
building global funding are the 24,

foundation for building 25]
capacity for ship recycling

7 Ship design In the design phase, only the | [2, 4,

operational life of the ship is 26,
considered, and end-of-life 27]
(EOL) is ignored to achieve
zero waste, design for
circularity is a necessity.

8 Ship recycling HKC and EUSRR provide [7-9]

yard certification to shipyards that
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(2) A structural self-interaction matrix (SSIM) is

Table 2: Structural Self-Interaction Matrix
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created for the fourteen factors presented in
Table 1 to form Table 2 which depicts the
pair-wise relationship between the factors.

In SSIM matrix, the pair-wise comparison between the 14
factors is done by using ‘V’, ‘A’, ‘X’, and ‘O’ where:
V: i factors will impact j* factor;

A: j factor will impact i" factors;

X: factor i" and j impact each other equally;
O: factor i" and j* will have no relation.
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(3) Reachability matrix is developed using SSIM
matrix. ‘V’*X’*A’°O’ are changed into 0 and 1
which helps to assess driving and dependence
power in Table 3.

Table 3: Reachability Matrix (RM)

Critical Factors | 1 |23 " 456l 78] 9 [10] 11| 12]13] 14 Driving Power
1 'l'l'n"u'u ofof[t[1 |1 |t[o[1]0O 7
2 'l'l'o"oun'u ot |11 ]of1]o 3

’fTTT‘T‘TIATTfT'TTTT 14
4 t(tjof[t[ofo[t[t| |1 [t |t |11 11
5 NN EREEE 14

6 | [vjuju[u[r[a[rju [T [1|1 14
7 r(rjofofofoft|{{ 1 [t [t [t [1]1 10
8 1|ofofofjofojof[t[1 |1 [1[0]1]0 6
9 ojo[of[ojofojo]jo[1[1[1[0o[1]0O 4
10 0 0000|000 1 1 1 0 1 0 4
11 o(ofo[ojo[ofo[o[o o101 ][O 2%
12 1 110/0(0|0]1 1 1 1 1 1 1 1 10
13 0 .0 ojojojojOo|O 0 0 0 | 0 1 0 1
14 T(tjof[tjofof[t[t|t |1 [t |t |11 11

Dependence Power | 10| 9 |3 |53 |3 7|9 1212|137 [14| 7

(4) After that, transitivity is incorporated in Table
4, which signifies the FRA (final reachability
matrix). Transitivity means if factor A related to
B and B is related to C than A is related to C

Table 4: Final Reachability Matrix (FRM)

Critical Factors | 1| 2 (3| 4 |[5]6(7| 8|9 |10]11|12]13|14 I:.:\‘\l:g
1 T[rfofofofofo[r [T [T [1[O[1]0O 7
2 1 1 0l0 |00/ 0]|1* 1 1 1 0 1 0 7
3 R EEERE 14
4 t(tjoftjofo|t|1 |t |1t |1 ]1]1 11
5 RN ERERE 14
6 V(1|11 [1]1[1 14
7 Tt jof*[ofoft[t |t |11 ]|1][1 11
8 1[1*[o[ofofofo[t |t [1[1|o]1]0 7
9 olojololololofo| 1t 11010 3
10 ofojolofofojo[o|[t |11 [o[1]0 4
11 olojo[ofojojojfolo|o[1[0o[1]0 2
12 1 1 o(1*|{0|0|1 1 1 1 1 1 1 1 11
13 olojo[ofojolofolololofo]1]0 1
14 T[1joftfojoft[t |t |1 |11 ]1][1 11
Dependence | | 1o 3| 7 [3|3|7|10]12|12]13| 7 |14] 7
Power

(5) The final Level Partitioning is then created
using FRM which is presented in Table 5 after 6
iterations.

Table 5: Final Level Partitioning

Elements | Reachability Antecedent Set Intersection Set Level
(Mi) Set R(Mi) A(ND) ROMi)NANi)
1 1,28, 1,2,3,4,5,6,7,8,12, 14, 1,28, 4
2 1,28, 1.2,3.4,5,6.7,8,12, 14, 12,8, 4
3 3,5.6, 3,5.6, 3.5,6, 6
4 4,7.12,14, 3,4.5,6.7,12,14, 4.7.12. 14, b
5 3,5,6, 3,5,6, 3,56, 6
6 3,56, 3,56, 3,5, [
7 47,1214, | 3,4.5,6.7,12,14, 4.7.12, 14, 5
8 1,28, 1,2,3,4,5,6,7,8,12, 14, 1,28, 4
9 9,10, 1,2,3,4,5,6,7,8,9,10,12, 14, 9. 10, 3
10 910, | 1,2.3,4,5,6,7.8.9.10,12, 14, 9.10, 3
11 11, L 1,2,3,4.56,7,8,9,10,11, 12, 14, 11, 2
12 4,712, 14, 3,4,5.6,7,12, 14, 4.7.12. 14 5
13 13, 1,2,3,4.5.6,7,8,9,10. 11, 12,13, 14, 13, 1
14 47,1214, | 3,4.5,6.7,12,14, 4.7.12, 14, 5

(6) Figure 2 shows an ISM model which is a
MCDM framework for achieving a circular
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economy through ship recycling and developed
by using Table 5.

l 13. Achieving circular economy |

T

| 11. Decarbonization through sustainable ship I
-

& 4

9. Socio-economic
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10. Reduce virgin
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T
& Ly Y

2. Creating in-direct
market opportunities I
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l yard Certification

1. Creating direct
market opportunities

¥ T Iy
4 s S Y
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7. Ship design L, e
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6. Funding for
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e
maritime regulations [

policies

Figure 2: MCDM framework for achieving circular
economy through ship recycling.
(6) Figure 3 shows the MICMAC graph which is
created using the dependence and driving powers of
Table 4 and it helps to identify dependent,
independent, and linkage factors.

14
13
12
1
10

9 Just

3,56

47,

W

uster [l
.8

Driving power

cluster cluster Il

[ T T R

[ 7 8 9 10 11 12 13 14

Dependence power

Figure 3: MICMAC graph showing dependent
(cluster 11), linkage (cluster I11), and independent
(cluster 1V) factors

From the MCDM framework and MICMAC graph,
it is found that factors 3 (Government policies), 5
(Environmental and maritime regulations), and 6
(Funding for capacity building) have high driving
power and they are independent factors that come
under cluster 1V; factors like 4 (Training & skill
development), 7 (Ship design), 12 (Infrastructure
development), 14 (Standards & guidelines
development), and 1 (Creating direct market
opportunities), 2 (Creating in-direct market
opportunities), 8 (Ship recycling yard certification)
are linkage factors as they come in cluster Il and
factors like 9 (Socio-economic wealth), 10 (Reduce
virgin material liability) also 11 (Decarbonization
through ship recycling) and 13 (Achieving circular
economy) are in cluster Il with high dependence
power and there is no factor in cluster | that means
there is no autonomous factor.



5. RESULT AND DISCUSSION

The framework shows that the main driving factors of
ship  recycling are  government  policies,
environmental and maritime regulations, and funding
for capacity building. The outcome of the framework
advocate that if the policies of government are
friendly for ship recycling as well as if there are
enough financial instruments, incentives, tax benefits,
and global funding available for building the capacity
and there are unified and coherent environmental
regulations then it will aid in achieving other critical
factors and finally will help in decarbonization and
achieving a circular economy.

6. CONCLUSION

When it comes to understanding and implementing
circular economy ideas across the ship lifespan, the
shipping industry is still in its initial stage. The sector
is simultaneously dealing with fast evolving
decarbonization initiatives, a surge in global
shipbuilding and the need for more ship recycling
capacity, regulatory changes, and the shift to global
sustainability. Together, these factors provide the
shipping sector a chance to implement circular
economy ideas throughout the supply chain. If
suitable consideration is given to the critical factors
identified in the study and constructive efforts are
applied in ship recycling while considering the
MCDM framework, then achieving a circular
economy is not as far as it seems.
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