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Abstract 

Ship recycling habitually considered as the best means to dispose off a ship either at the end of her operational life 
or at any time as decided by the owner, regulatory bodies or law enforcement authority. South Asia is the global 
centre of ship breaking and recycling of End of Life (EOL) ships. Bangladesh has the prime share of recycling 
industry in the world. In Bangladesh, average 200 different types and of obsolete ships are recycled annually in 
different local recycling yards. In the present researcher it has been found that; average 2000000 LDT different 
types and sizes of obsolete ships are recycled annually in local yards in Bangladesh. Main problem of this sector is 
the restrictive nature, as well as lack of ground information. It’s true that, very few studies have been completed so 
far; but mostly were based on limited preliminary information and assumption. That’s why an extensive study is 
necessary to develop an assessment model for sustainable ship recycling industry of Bangladesh. It has been hoped 
that, local recycling industry of Bangladesh will be sustainable at future if proper guidance and professionalism can 
be enforced. This promising industry need continuous monitoring, balanced leadership, financing, guiding, 
motivation and whole hearted support from every corner from government and globe. 
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Introduction 
Disposing of a ship after its end of service life also leaves a huge amount of waste, posing a potential hazard to the 
environment. All physical systems undergo three essential phases in their entire life span. The initial phase is called 
as creation, the intermediate phase is known as sustenance and the final one is nothing but decay and the system 
ceases to function as it has been designed. For a ship the three natural phases of life cycle activities can be identified 
as, design and construction as creation, shipping operations as sustenance and dismantling as end of life (EOL). 
Ships are normally removed from the fleet after EOL through a process known as ship scrapping; decommissioning 
of ship; abandonment of ship; ship breaking; ship dismantling or ship recycling. Actually ship recycling is an 
engineering process [Hossain, 2015a] and more particularly a reverse engineering process of dismantling obsolete 
ship to recover reusable materials in a safe and environmental friendly way [Hossain, 2012 and Hossain, 2019]. Ship 
dismantling, also commonly referred to as ship “recycling”, is an inherently sustainable activity, the benefits of 
which are felt at the global level.  

Methodology 
It is a research work to develop an assessment model for sustainable ship recycling industry in Bangladesh by 
analyzing on ground data [Stopford, 2009 and Hossain et al, 2018a]; which has collected by physical involvement of 
the author since last eight years. Data of the ship recycling activity were collected from actual ship recycling 
industry located in Chottogram and provided by the different stake holders as well as Bangladesh Ship Breakers 
Association (BSBA). The inventory of reusable and hazardous wastes materials from recycled ships was derived and 
compiled on the basis of collected data by author. Results have based on original on ground data and take 
considerable help/guideline from the methodology followed in available literature and research paper. Primary and 
basic data about output of material/component and hazardous material of different types of recycled ships has 
collected from the industry by physical involvement of the author [Hossain et al, 2012].  However, nuclear waste 
and other releases, such as emissions to atmospheric pollutants and diffuse emissions of pollutants to the water [and 
Basel Convention, 1989 and Hiremath et al, 2015], were not included in the scope of this research work. Total 26 in 
number of different types/category and sizes of EOL ships has been considered as sample to calculate the average 
annual amount of reusable materials output. For this research work, 5 bulk ships, 5 tanker, 6 container carrier, 5 
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cargo ships and 5 other different types of ships has been selected. The fact and figure of those 26 sample EOL ships 
have been shown in table 1 below.  
 

Table 1: Summarize fact and figure of 26 sample EOL ships. 
Sl 
No 

Ship Category/ Type Sample 
Ships No 

Range of LDT Manufacture/Build 
Year 

1 Bulk Carrier 6 11834 to 21592 1978 to 1986 
2 Tanker 5 11182 to 29324 1981 to 1989 
3 Cargo 5 5008 to 18302 1984-1990 
4 Container 5 6698 to 16053 1977 to 1992 
5 Other Ships (Refrigerator, Ore Carrier, 

Passenger, LNG/LPG, Motor, Floating 
Restaurant, etc) 

5 5625 to 25997 1966 to 1981 

 
Steps for Development of Assessment Model for Sustainable Ship Recycling Industry (with MS Excel 
Spreadsheet Approach) Modeling 
Modeling related to any sector particularly of a complex sector which involves both engineering and business matter 
is a complicated task. Again assessment modeling of a complex sector is more difficult and challenging work. Ship 
recycling is a complex sector which involves various subjects; like, naval architecture, marine engineering, ocean 
engineering, environmental science, chemical engineering, operational management, marketing, production 
engineering, human resource management, safety engineering, information technology, and so on. Actually 
environmental scientists, naval architects, chemical engineers, structural engineers, production engineers, safety 
engineers, human resource managers and operation managers with good motivational skill can only steer such 
complex sector efficiently and successfully. The prime output of any modeling is to help decision making. Decision 
making usually utilize intelligence, wisdom and creativity [125 and 128] to satisfy human basic needs for survival. 
Evaluating a decision requires few considerations such as the benefits resulting from making right decision; costs, 
risks, and losses resulting from wrong decision. However, meaning of each index points and index letter and their 
numerical value in the index point system has been given in table 2 below, for easy understanding of the model. 
Again result or output of the model will also come out in the same index point or value weight system. 
 

Table 2: Meaning of index no and index letter and their numerical value in the index point system 
Sl No Index 

Point 
Letter  
Index 

Numerical 
Value Meaning or Explanation 

1 7 A+ 7 Excellent 
2 6 A 6 Very Good 
3 5 A- 5 Good 
4 4 B 4 Satisfactory 
5 3 C 3 Moderate 
6 2 D 2 Inferior 
7 1 E  1 Poor 
8 0 F 0 Failed 

 
Brief Description of Selected Subjects for Assessment Model 
Developed assessment model deals with nine subjects. The first assessment subject named as ‘Ship Recycling 
Knowledge and Regulatory Framework’ and it deals with rules, regulations, act, guidelines, convention and all 
others relevant matters. The subject cover broadly in the arena of national framework and regulation, Bangladeshi 
agencies involved in ship recycling, Bangladesh labor law 2006, enacted in 11 October 2006 and amended in 2013, 
requirements on occupational safety and health (OSH), national occupational health and safety rule 2013, ship 
breaking and ship recycling  rule 2011, hazardous waste and ship breaking waste management rules 2011, the dock 
laborer’s act 1934 and the dock laborers regulations 1946, the fatal accidents act 1855, the boiler act 1923, nuclear 
safety and radiation control act 1993, enforcement machinery for ensuring OSH in ship breaking in Bangladesh, 
international instruments on OSH, ILO conventions and recommendations, the Basel convention on the control of 
trans boundary movements of hazardous wastes and their disposal 1989, Hong Kong international convention for 
safe environmentally sound recycling of ships 2009, EU ship recycling regulation 2013, responsibilities of employer 
to provide training on OSH standards and PPE, OSH relationship between employees and employers, occupational 
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health and safety management principals, reporting and notification of accidents and diseases, purpose of records 
and investigation, ship specific details and inventory, step for facilities operations, ship recycling principles to 
preserve safety, etc. 

Figure 1. Ship recycling assessment model for local ship recycling yards of Bangladesh 
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Assessment Model with AHP Pair-wise Comparison Approach 
AHP pair-wise comparisons are performed with the guidance of Saaty’s “1-9 Scale AHP preference” as given in 
table 4.4 below. These comparisons are made with respect to the given criterion of the control hierarchy and 
importance weights of each factor are calculated. In pair-wise comparison, decision makers who have the expertise 
knowledge on related subject compare the elements in pairs. The level of importance and their definitions are given 
with the detailed explanations from 1 to 9 in table 3 with the reciprocals for inverse comparisons. The calculated 
values of pair-wise comparisons are allocated in the columns of pair-wise comparison matrix and priority vector is 
derived from eigenvector.  
 

Table 3 Saaty’s 1-9 Scale for AHP Preference 
Level of Importance and definitions Explanations 
1 : Equal importance Importance of elements are equal 
3 : Weak importance First element is moderately more important than second one 
5 : Strong importance First element is strongly more important than second one 
7 : Importance over the other First element is very strongly more important than second one 
9 : Absolute importance First element is extremely more important than second one 
2, 4, 6, 8 : Intermediate values Intermediate values between above mentioned values 
1/3, 1/5, 1/7, 1/9 : Reciprocal Reciprocals for inverse comparisons 

 
Description of Developed Assessment Model for Ship Recycling Industry 
The assessment model for sustainable ship recycling industry in Bangladesh has been developed comprising three 
action lines. Those are: input line, task and operation line and output line. Data, information, assessment subject and 
tools, etc. are the input and those are fed to the task and operation line of the model in different level. Output result 
of the model is such: average reusable and waste material output, factors, achieved weights and index number of the 
sample yards, as well as hierarchical position of the sample yards. A simplified flow diagram and system architect of 
the ship recycling assessment model has been shown in Figure 1.  
 
Development of Ship Recycling Process Model for Local Recycling Yards 
Ship recycling process consists of various engineering operation and managerial activities in ship recycling industry 
to dismantling and segregation of reusable and waste material from EOL ships as well as their storage, 
transportation and disposal on the owner of the vessel. Here few factors play a pivotal role to decide the fate of the 
EOL ship. Those factor are, EOL ship’s value in the scraped market, life of the ship, ship’s hull and machinery 
condition, freight market status, economic life of the ship, demand of such ship’s size and category, etc. 
 

Design & New Shipbuilding  
(1 to 3 Years)

Ship Repair  and Renovation 
inbetween Ship Servicce Life  

(6 to 12 Months) 

EOL Ship Sold for 
Recycling or Dismantling
after end of Service Life 

(15 to 25 Years ) 

 
 

Figure 2. Typical life of a new ship (usually 15 – 25 years) 
 
The EOL ship usually pass through different intermediate owners, before reaching the last owner, who is responsible 
for towing the ship to the positioning site or close to yard for dismantling.  
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Figure 3. Typical steps required to be accomplished to placing an EOL ship at the site of dismantling yards at 
Chittagong (usually total time required: 2 – 11 weeks) 

The main difference between dry docking method and beach method is the presence of a concrete barrier between 
the dismantled vessel and sea water [Hossain et al, 2010a, Hossain et al, 2010b, Hossain 2015b, Sivaprasad, 2010 
and Hossain et al, 2018a]. Progressive sliding for transporting the vessel within the yard premises is absent in the 
dry docking method. European countries and United States practice dry docking method. 
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Figure 5. EOL ships beached in recycling yards at Chittagong area of Bangladesh 

 

  
Figure 6. Recycling activities in local yards at Chittagong area of Bangladesh. 

 
In figure 5 above, EOL ships beached in recycling yards at Chittagong area of Bangladesh has been shown. In figure 
6 above, ship recycling activities in local yards at Chittagong area of Bangladesh has been shown. After arrival at 
the outer port, brokers of the ship owner inform the recycling yard and port authorities regarding positioning and 
placing of vessels at the anchorage area. In Bangladesh, outer anchorage area of Chittagong Port Authority (CPA) 
dedicated for placing of such EOL ships. The assessment and inspection team of the recycling yard makes a 
methodical check of various mandatory certificates regarding the import and export shipment and payment of taxes 
and excise duties to be produced by the owner before beaching the EOL ship. As per existing practice, one deck 
officer, one certified marine engineer and the master of the vessel must be present during the inspection and 
examination by the yard and port authorities.  
 
Distribution Channel Model of Reusable and Waste Items for Local Yards  
A model of distribution channel has been developed for clear understanding of the fate of recycled and waste 
material output from the EOL ships, which has been dismantled at Chottogram recycling yards. A model of 
distribution channel with percentage of different recycled and waste material produced from a typical EOL ships, 
dismantle in Chottogram area has been shown in figure 8 above. In the distribution channel model it has been shown 
that, there are nine main recycled and waste items which produced from a typical EOL ship in Chottogram area and 
those items are distributed around twenty one consumers end, in more than fifty different channels. Developed 
distribution channel has been shown in figure 7 below. 
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Figure 7. Distribution channel Model with percentage of different recycled and waste material produced from a 

typical EOL ship dismantles in Chattogram 
 

Table 4. Reusable material factor and amount of materials output per year in MT for different types and sizes of 
recycled ships in Bangladesh 

Sl. No Type of Ship Average LDT per 
year 

Reusable Material 
Factor (%) 

Average Reusable Material per 
year (MT) 

1 Cargo 111,486 0.67 Min. 74,696 
   0.78 Max. 86,959 

2 Bulk Carrier 1,094,566 0.94 Min. 1,028,892 
   0.98 Max. 1,072,675 

3 Tanker 579,542 0.95 Min. 550,565 
   0.97 Max. 562,156 

4 Container 186,583 0.8 Min. 149,266 
   0.87 Max. 162,327 

5 Other 120,169 0.25 Min. 30,042 
   0.8 Max. 96,135 

6 Total 2,092,346  Min. 1,833,461 
    Max. 1,980,252 

 

 
Figure 8. Average annual LDT against average annual reusable material output in MT for different types and sizes 

of recycled ships in local yards 
 

285



Proceedings of the 2nd International Conference on Industrial and Mechanical Engineering and Operations 
Management (IMEOM), Dhaka, Bangladesh, December 12-13, 2019 

© IEOM Society International 

Summarize Fact and Figure of Waste Material Output  
For calculating and determining the amount of waste materials and factor, researcher has taken help from free 
commercial software like Microsoft Excel and Material Flow Analysis (MFA) software STAN in addition with 
manual calculation [Jain et al, 2017 and Cencic et al, 2008].  
 

Table 5. Annual average amount waste produced in MT from different categories and size of EOL ships 

Sl. 
N
o 

Type of 
Ship 

Average 
LDT per 
year (MT) 

Total Waste (Land-filled, Incinerated, and Bilge Waste) 

Average Land-
filled Waste Per 
Year (MT) 

Average 
Incinerated Waste 
Per Year (MT) 

Average Bilge 
Waste Per Year 
(MT) 

Total Average 
Hazardous 
Waste Per Year 
(MT) 

1 Bulk 1,094,566 3042 Min. 2,188 Min. 2360 Min. 7590 Min. 
4078 Max. 2,861 Max. 3073 Max. 10012 Max. 

2 Tanker 579,542 2244 Min. 1,357 Min. 2087 Min. 5688 Min. 
3030 Max. 1,854 Max. 2852 Max. 7736 Max. 

3 Contain
er 186,583 718 Min. 524 Min. 374 Min. 1616 Min. 

808 Max. 574 Max. 410 Max. 1792 Max. 

4 Cargo 111,486 
582 Min. 260 Min. 208 Min. 1050 Min. 
648 Max. 290 Max. 232 Max. 1170 Max. 

5 Other  120,169 580 Min. 299 Min. 400 Min. 1279 Min. 
849 Max. 562 Max. 583 Max. 1994 Max. 

Total 2,092,346 7166 Min. 4,628 Min. 5429 Min. 17223 Min. 
9413 Max. 6,141 Max. 7150 Max. 22704 Max. 

           

 
Figure 9. Total average annual HazMat or Waste produced in MT from different types and sizes of EOL ships 

recycled in Bangladeshi local yards. 
 
Disposal and Management of Waste  
During several visits to the local yards, realistic investigation, and in depth field work, it has been found that around 
97% of the glass wool and insulation materials are recycled by contractors who sell it as insulation in various local 
industries. Such as; shipbuilding, ship repair, house building, small industry, cold storage industry, etc. It therefore 
seems reasonable to assume that only 3% of the glass wool and insulation materials are sent to the TSDF, while 97% 
is recovered and recycled, because it is found in a useable condition and have demand in local market. It is 
interesting that: Bilge water, slugs, old chemical, solvent, broken furniture, all sort oil are sold to the local market 
and used in brick filled, house and some other local small industries.  
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Figure 13. Average waste material output from sample 26 EOL Ships 

 
Result and Application of Ship Recycling Assessment Model (with MS Excel Broadsheet Approach) 
In the developed ship recycling assessment model (MS Excel Broad sheet approach), data has been entered in the 
form of numerical value in each micro level of the different nine subjects. Microsoft Excel programming has been 
used for compilation, analysis and mathematical calculation. After necessary numerical analysis final output or 
result came both in numerical value (0 to 7) and in hierarchical order for each yard as describe in table 6 below. 
Finally overall assessment of the entire local recycling industry has been compiled on the basis cumulative result of 
different categories of selected recycling yards. However, for authentic and judicial assessment, a good number of 
sample recycling yards (in different categories) have been selected from the local recycling industry of Bangladesh. 
It may assumed and divide on the basis of experience and long relation with the industry, all local yards in three 
categories; such as, good, satisfactory and inferior. It can be assumed and selected at least four yards for each three 
categories. So, it is hope that, the assessment of the entire industry will be sustainable and logical. There are thirteen 
different categories of local recycling yards has been selected to analysis and finding their posing by using the 
developed assessment model. Selected local yards have been denoted by sample Y1, Y2, Y3….Y12, Y13 etc. 
Selected yards fed to the model for assessment, have been shown in Table 6. It can be hope that, the proposed model 
may be applicable for local recycling yards to assess the states and which will be helpful to achieve sustainability of 
the industry as a whole. The result of 13 local yards (as per index point system) comes out from ship recycling 
assessment model and that has been shown in Table 7. 
 

Table 6. Selected local yards fed to the model for assessment 
S. No  Yard Symbol Category 
1 Y1 Good 
2 Y2 Good 
3 Y3 Good 
4 Y4 Good/ Satisfactory 
5 Y5 Good/Satisfactory 
6  Y6 Satisfactory 
7  Y7 Satisfactory 
8  Y8 Satisfactory 
9 Y9 Satisfactory/Inferior 
10 Y10 Satisfactory/Inferior 
11  Y11 Inferior 
12  Y12 Inferior 
13 Y13 Inferior 
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Table 7. Outcome or result of 13 local yards (as per index point system) from ship recycling assessment model 
S. No Yard Symbol Index  No Index Letter 

1 Y1 6 A 
2 Y2 5 A- 
3 Y3 5 A- 
4 Y4 5 A- 
5 Y5 4.5 B 
6 Y6 4 B 
7 Y7 4 B 
8 Y8 4 B 
9 Y9 3.5 C 

10 Y10 3 C 
11 Y11 2.5 D 
12 Y12 2.5 D 
13 Y13 2 D 

 
Table 9. Achieved score point of recycling yards (total 13 yards) in three groups taken from Model (done by Excel 

programming) 
Yard 
Poor Gp 

Ach Low 
Score 

Yard 
Fair Gp 

Ach Medium 
Score 

Yard 
Good Gp 

Ach High 
score 

Y13 2.0 Y9 3.5 Y5 4.5 
Y12 2.5 Y8 4.0 Y4 5.0 
Y11 2.5 Y7 4.0 Y3 5.0 
Y10 3.0 Y6 4.0 Y2 5.0 
Y9 3.5 Y5 4.5 Y1 6.0 

 
Table 10. Relative score point of recycling yards (total 13 yards) under the criterion individual subject scored by 

clustering in three groups 
Yard 
Poor Gp 

Low 
Score 

Yard 
Fair Gp 

Medium 
Score 

Yard 
Good Gp 

high 
score 

Y13 .148 Y9 .175 Y5 .176 
Y12 .185 Y8 .200 Y4 .196 
Y11 .185 Y7 .200 Y3 .196 
Y10 .222 Y6 .200 Y2 .196 
Y9 .259 Y5 .225 Y1 .235 

 
Table 11 New score point of five recycling yards for Medium Cluster group  
  | .175 |   | .136 | 
  | .200 |   | .156 | 
            1/0.225| .200 | X 0.176 =  | .156 | 

| .200 |   | .156 | 
| .225 |   | .176 | 

 
Table 12 New score point of five recycling yards for Low Cluster group  
  | .148 |   | .077 | 
  | .185 |   | .097 | 
            1/0.259| .185 | X0 .136 =  | .097 | 

| .222 |   | .116 | 
| .259 |   | .136 | 

 
Hence, combining all, it can found score matrices with the matrix for the high cluster. It also finds that, the score 
matrix for position out of these 13 recycling yards; which it would then normalize. Note that the entries in red/Italic 
are the overlapping alternatives. It must now figure out just how it is going to create these clusters. In the example of 
recycling yards of various score point achieved, it is easy to see how it could decide which yards belonged to which 
cluster, and could easily place them and which has been shown in table 13 below. However, with more abstract 
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criteria and alternatives, the decision is not always so easy. Finally, overall position of thirteen recycling yards as per 
index no or score point, index letter with index meaning (with MS Excel Broadsheet Programming) and achieved 
weight (by AHP cluster approach) has been shown in table 14 below. 
 
Table 13 New score point of 13 local recycling yards in achived weight.  
  | Y13 |   | .077 |   | 7.7%  | 
  | Y12 |   | .097 |   | 9.7%  | 
  | Y11 |    | .097 |   | 9.7%  | 

| Y10 |   | .116 |   | 11.6%| 
| Y 9  |   | .136 |   | 13.6%| 

  | Y 8  |   | .156 |   | 15.6%| 
  | Y 7  |  =  | .156 |   =            | 15.6%| 
  | Y 6  |   | .156 |   | 15.6%| 
  | Y 5  |     | .176 |   | 17.6%| 
  | Y 4  |   | .196 |   | 19.6%| 
  | Y 3  |   | .196 |   | 19.6%| 
  | Y 2  |   | .196 |   | 19.6%| 
  | Y 1  |   | .235 |   | 23.5%| 
 
Table 14. Overall position of thirteen recycling yards as per Index no or score point, Index letter, Index explanation 

(by Excel Programming) and achieved weight (by AHP method with cluster group) 

  
Result and Application of Ship Recycling Assessment model (with AHP Pair-wise Comparison Approach) 
Here researchers illustrate the application of AHP in ship recycling industry of Bangladesh for selecting the best 
local yards in hierarchical order with the help of a numerical example. In order to selecting the optimal facility for 
ship recycling, a scenario analysis for each of the selected yards under consideration by pair-wise comparison of 
alternatives and criteria formulated within the AHP framework.  
 
Table 15 Major factor and assessment tools which ascertain ship-recycling process and determine the sustainability 

of the industry 
Sl 
No 

Major Factors and Assessment Tools Relevant Subject in the 
Model 

Numeric 
Value 

1. Ship Recycling Rules Regulation and knowledge or 
RRK  

Subject 1 4 

2. Infrastructure and capacity or IC  Subject 5, 7 & 8 9 
3. Ship Recycling Process or SRP  Subject 9 5 
4. Environment and Hazard Management or EHM  Subject 2,3 & 4 7 
5. Employee welfare or EW  Subject 6 3 
6. Corporate Social Responsibility or CSR and other   1 

Sl No Sample 
Yards 

Index  No 
(Achieved 

Score Point) 

Index 
Letter 

Index 
Explanation 

Achieved 
Weight  by AHP 

(Cluster approach) 
1 Y1 6 A Very Good 0.235 
2 Y2 5 A- Good 0.196 
3 Y3 5 A- Good 0.196 
4 Y4 5 A- Good 0.196 
5 Y5 4.5 B Satisfactory 0.176 
6 Y6 4 B Satisfactory 0.156 
7 Y7 4 B Satisfactory 0.156 
8 Y8 4 B Satisfactory 0.156 
9 Y9 3.5 C Moderate 0.136 
10 Y10 3 C Moderate 0.116 
11 Y11 2.5 D Inferior 0.097 
12 Y12 2.5 D Inferior 0.097 
13 Y13 2 D Inferior 0.077 
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In overall, the yards and stake holders agrees with those factors (variables) which mainly affect in decision making. 
They also believe that this study will helps in decision-making process. The construction of the hierarchies of goal, 
criteria and alternatives as required in the AHP helped by identifying the variables. Where, Y1 and Y2 are two good 
local yard, whereas Y12 and Y13 are two inferior local yards. For the final analysis, we found the final result by 
finding best recycling yard and ranking them respectively. In figure 14, comparison of yards position hierarchy has 
been shown. 

 
Figure 14. Yards position hierarchy 

 
Ship Recycling Rules Regulation and knowledge or RRK  
Employees knowledge on ship recycling rules and regulation usually play a major role to drive a local yards towards 
the right direction. Worker, supervisor, manager of yards and other stake holders should know the relevant, roles and 
procedure as well as consequence of the imperfect recycling process and improper HazMat handling. 
 

Table 16. Pair-wise Comparison Matrix and Computations for the six criteria 
 CSR IC EW HEM SRP RRK 
CSR 1 9 3 7 5 4 
IC 1/9 1 9 1 5 1 
EW 1/3 1/9 1 7 5 1 
HEM 1/7 1 1/7 1 7 1 
SRP 1/5 1/5 1/5 1/7 1 3 
RRK 1/4 1 1 1 1/3 1 
Total 2.037 12.236 14.268 17.143 29.333 11.0 

 
Table 17. Normalized Matrix for the six criteria 

 CSR IC EW HEM SRP RRK Weight (Row Av) 
CSR 0.491 0.736 0.210 0.406 0.170 0.364 0.397 
IC 0.055 0.082 0.631 0.58 0.273 0.091 0.198 
EW 0.164 0.009 0.070 0.406 0.273 0.091 0.169 
HEM 0.70 0.082 0.010 0.058 0.239 0.091 0.092 
SRP 0.098 0.010 0.009 0.006 0.034 0.273 0.072 
RRK 0.123 0.082 0.070 0.058 0.011 0.091 0.073 
Total       1.00 

 
Table 18 to 23 shows four recycling yards with respect to each criterion implemented the pair-wise comparison 
matrices and priorities. The step followed to create the criteria comparison matrix is similar to this process. 
 

Table 18. Pair-wise comparison weight with respect to IC 
 Y1 Y2 Y11 Y12 
Y1 1 2 4 4 
Y2 1/2 1 4 4 
Y11 1/4 1/2 1 2 
Y12 1/4 1/2 1/2 1 
Total 0.5 .259 .127 .113 
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Table 19. Pair-wise comparison weight with respect to CSR 
 Y1 Y2 Y11 Y12 
Y1 1 1 3 3 
Y2 1 1 3 3 
Y11 1/3 1/3 1 1 
Y12 1/3 1/3 1 1 
Total 0.375 0.375 0.125 0.125 

 
Table 20. Pair-wise comparison weight with respect to EW 

 Y1 Y2 Y11 Y12 
Y1 1 1 8 8 
Y2 1 1 7 7 
Y11 1/8 1/7 1 2 
Y12 1/8 1/7 1/2 1 
Total .444 .437 .064 .055 

 
Table 21. Pair-wise comparison weight with respect to HEM 

 Y1 Y2 Y11 Y12 
Y1 1 1 7 7 
Y2 1 1 7 7 
Y11 1/7 1/7 1 1 
Y12 1/7 1/7 1 1 
Total .438 .438 .063 .063 

 
Table 22. Pair-wise comparison weight with respect to SRP 

 Y1 Y2 Y11 Y12 
Y1 1 1 8 8 
Y2 1 1 7 7 
Y11 1/8 1/7 1 2 
Y12 1/8 1/7 1/2 1 
Total .444 .437 .064 .055 

 
Table 23. Pair-wise comparison weight with respect to RRK 

 Y1 Y2 Y11 Y12 
Y1 1 1 6 6 
Y2 1 1 5 5 
Y11 1/6 1/5 1 2 
Y12 1/6 1/5 1/2 1 
Total .428 .416 0.08 0.077 

 
This means, different stake holders, recycling yards worker, supervisor, manager and expert, who mainly work in 
those local yards or related to the local recycling industry in Bangladesh compare each pair of yards with respect to 
each criterion (CSR, IC, EW, HEM, SRP and RRK). The three steps (sum of the elements in each column, divide 
each value of matrix by its column sum and find out the priority vector by computing row averages) is used to 
determine the weights of the recycling yards for each criterion. 
 

Table 24 Computation of weights ship recycling yard position 
 CSR IC EW HEM SRP RRK Weight 
 0.397 0.198 0.169 0.092 0.072 0.073  
Y1 0.375 0.5 0.444 0.438 .444 .428 0.425 
Y2 0.375 0.259 0.437 0.438 .437 .416 0.373 
Y11 0.125 0.127 0.064 0.063 .064 .08 0.101 
Y12 0.125 0.113 0.055 0.063 .055 .077 0.093 
Total       1.00 
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Requirement of Sustainability of the Local Recycling Industry of Bangladesh 
It is expected that, the ongoing continuous process of improvement in ship recycling practice, process and inventory 
management of reusable and waste material of local recycling industry as a whole, will achieve sustainable state 
very soon. Those requirements are summarize below: 
a. Need to develop good design and layout plan of local recycling yards.
b. Need to apply engineering concepts in ship dismantling activities at local recycling yards.
c. Need to implement knowledge based decision support system for identifying the suitable and optimum

sequence of recycling process.
d. There should be appropriate and professional practice and process in local recycling.
e. There need to be introduced professionalism in recycling practice.
f. Distinct improvement required in HazMat handling process, storing and safe disposal of those. It has been felt

seriously.
g. Appropriate local yard assessment system need to be developed for assess local recycling yards frequently.
h. Knowledge based expert system and the conceptual developments in ship recycling process.
i. Need to develop T&DF facility.
j. Improve training facility both yard and national level.
k. Some system need to develop to motivate the workers and supervisors to solve problem like fire and explosion

and free fall of dismantled units.
l. Local yards should employ more professional people, like naval architect, engineer, and manager, to achieve

sustainability of the industry.
m. Yards should follow both register and computer based spreadsheet data entry procedure for reusable and waste

material identification, sorting, inventory and sales or disposal.

Conclusion 
The global ship recycling industry dismantles and recycles around 1,000 large ocean going vessels per year. At 
present, South Asia is undoubtedly the global centre for ship breaking and recycling. In Bangladesh, average 200 
different types of obsolete ships are recycled annually in different yards located in Chittagong.Thus quantity of 
different HazMat or waste will be reduced at future. At the same time, it hopes that, amount of reusable material 
come out from the future EOL ships will be increase and refined as well as environment friendly. As Bangladeshi 
recycling yards are working towards becoming compliant with the convention and regulations, it is hoped that the 
number of EOL ships come to this country will increase at future. 
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