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ABSTRAK

Produk berasaskan plastik telah mendominasi banyak sektor di peringkat tempatan
dan global kesan daripada permintaan yang tinggi dan akses mudah mendapatkannya.
Permintaan yang semakin meningkat dan amalan pembuangan yang tidak sihat telah
menyebabkan banyak sampah dibuang ke tempat pembuangan sampah dan menimbulkan
banyak pencemaran alam sekitar. Di Malaysia, kesedaran mengenai Kitar semula plastik
masih berada di peringkat permulaan. Perwakilan dan kekurangan penyelidikan yang tepat
dalam kitar semula sisa plastik akibat dari kekurangan maklumat telah menjadi cabaran
untuk Malaysia memperkasakan alat pengurusan strategik. Objektif penyelidikan ini adalah
untuk menentukan faktor-faktor penting untuk pelaksanaan inisiatif kitar semula plastik,
untuk mengenal pasti pemilikan akhir sisa plastik, untuk menentukan kerangka rantaian
bekalan Kitar semula tempatan dalam menguruskan sampah plastik dan memodelkan
Preferensi Pengitar Semula Indeks untuk sisa plastik di Malaysia. Dalam penyelidikan ini,
borang soal selidik dikhaskan untuk mendapatkan kesimpulan statistik mengenai faktor
kritikal dan data penting dari pihak kitar semula di Selangor dan Johor. Dari hasil penemuan,
kebanyakan responden menyatakan peraturan dan undang-undang semasa adalah cabaran
utama untuk bertahan dalam industri kitar semula dan keuntungan adalah faktor utama yang
mendorong responden mengitar semula sampah plastik di Malaysia. Selain itu, permintaan
tinggi untuk plastik kitar semula di pasaran adalah pemacu responden untuk bertahan dalam
industri kitar semula ini. Dengan menggunakan penemuan tersebut, rantaian bekalan
kerangka tempatan dikembangkan dan kemudian dikaji oleh Jabatan Alam Sekitar (JAS)
Malaysia. Model pembuatan keputusan untuk mengitar semula keutamaan sampah plastik
untuk Malaysia dikembangkan. Kesimpulannya, pengurusan sampah plastik dilihat sebagai
cabaran kerajaan. Kajian ini bertujuan untuk meningkatkan kadar kitar semula Malaysia
untuk mematuhi visi ekonomi pekeliling. Penemuan ini dapat dijadikan panduan kerajaan

untuk meningkatkan aktiviti kitar semula plastik di Malaysia.



ABSTRACT

Plastic based products are dominating many sectors locally and globally due to
high demand and easy access to it. The demand is increasing and with the current
unhealthy disposal practices, the waste has been simply dumped into the landfill which
lead to many environmental issues. In Malaysia, the awareness of the plastics recycling
are at the infancy level. The insufficient information to empower strategic management
tool has made the plastics recycling needs a proper delegation and investigation. This
research objectives were to determine the critical factors for the execution of plastic
recycling initiatives, to identify the end-of-life waste ownership for plastic waste, to
determine the local-recycling supply chain framework in managing plastic waste and to
model the Recycler Preferences Index (RPI) for plastic waste in Malaysia. In this
research, a questionnaire was deviced to gain statistical inferences about critical factors
and important data from the recycler’s in Selangor and Johor. From the findings, most of
the respondent stated the current rules and regulation is the main challenges to survive in
the recycling industry while profitability is the key factor of the respondent encourage for
recycling the plastic waste in Malaysia. Besides, the high demand for recycled plastic in
the market is the respondent’s current driver can sustain in the recycling industry. Using
those findings, the local framework supply chain was developed and later was reviewed
by the Department of Environmental (DOE) Malaysia. At the end, a decision making
model for recycling plastic waste priorities for Malaysia was developed. In conclusion,
plastic waste management is seen as the government's challenges and this study aim to
increase Malaysia's recycling rate to comply with the circular economy vision. This
finding can be used as the guide for government to enhance current plastic recycling

activities in Malaysia.



DEDICATION

To my beloved mom and dad,
My adored siblings,

My supportive academic supervisor, Encik Mohd Shahrizan Bin Othman and Ts. Dr Al

Amin Bin Mohamed Sultan,
For all their encouragement, support and understanding.

Thank You So Much & Appreciated Your Kindness



ACKNOWLEDGEMENT

Praises be to Allah S.W.T for providing me the time, good health, strength and
smooth journeys towards completing this study. | am forever grateful for everyone that
involves in this study for their encouragement, support and cooperation that helps me
completing the study perfectly. | would like to express my deepest appreciation to my
beloved parents and siblings for their prayers, emotionally and financially support,

encouragement and understanding they showed has ease me to complete the study.

I would like to express my sincere thanks to all the recyclers in Selangor and Johor
whom either have accepting me in good manners or rejecting me. In either way, they have
taught me the how real-world works. | would also like to this opportunity to express my
sincere acknowledgement to my supportive supervisor, for his wisdom, essential
supervision, guidance, financial support and encouragement towards this completion of

study.

Thank you and appreciated your kindness



TABLE OF CONTENT

ABSTRAK e arre s i
A B ST RA T e e e e nnres I
[ ] 1 1 [0 AN N L] N PSR iii
ACKNOWLEDGEMENT ..ottt st iv
TABLE OF CONTENT ..ottt e e e e nnneas Y
LIST OF TABLES. ...ttt e e e e na e e enneas X
LIST OF FI GG . . .. ... B, .......... xiii
CHAPTER 1NNl N=-... .. .. . R 8. 8. 0. ... 1
I T ot [0 o PRSI 1
1.2 Problem STAtEMENT........oo i e 4
1.3 ODbjectives........ccoumiererrmmierres it eenesinccncieneeceereennesten b ot oo et oo 5
1.4 SCOPE Gl R e A e e e T e e e masnannes 5
1.5 REPOM OULIINE ...ttt st st et e e sbesreesa e besaeeneensenre e 6
CHAPTER 2:LITERATURE REVIEW ... 7
2.1 SUSTAINADIIILEY .....ecveiie et re e nre s 7
2.2 A CIFCUIAr ECONOIMY ...c.viiiiiiiiie sttt ettt s te et te e e et e besbe e e e sresteenaesrenre s 9
2.2.1 Plastic in Circular ECONOMY ........cccoiiiiiiiii ittt s 13

G o P T (ol o 11 (] Y2 SRR 18
2.3.1 TYPE OF PIASTICS .. .eenieei ettt et ne e e 18

2.4 Uses and Global Statistics of Plastic Production ............cccooeviiiiiiie i 20
2.4.1 Global PlastiCc WaSte SCENAIIO ........ccvieerierieeiieiesieseeeesesie e see st see e seesseeseeseesneas 22

2.5 An Introduction to Malaysia’s Plastic Waste Problem..........cccoeeviiiiiiiinninninnneneeniees 24
2.5.1 Plastic Waste Generation and Recycling Rate in Malaysia...........cccccoecvivivevicniennnnn, 27
2.5.2 Plastic Regulations in Malaysia...........cccceiviiiiiiiieiiiiece e 32
2.5.3 Malaysian Plastic Waste Stream..........cccceiiiiiiiiiiie st 35



2.5.4 Malaysia’s Plastic Recycling Capabilities and Recycling Challenges ....................... 38

2.5.5 Malaysia’s Plan and Action Towards Zero Single-Use Plastics 2018-2030 .............. 41
2.6 Stakeholder Approach In Waste Management...........ccocveireieiiesieene e eeee e e see s 43
2.7 Modelling The Plastic Recycling Desirability ...........ccooeiiiiiiniiiiceneseeee e 45

CHAPTER 3:METHODOLOGY ..ottt sttt s naeneens 47
3L L RESEAICH PIAN ...ttt 48
3.2 Identification Of The Problem Statement...........cccovoveeiiiiiieece e 48
3.3 Determine The Objective And Scope Of The ReSEarch .........ccccoovvviiiviniieiicceeas 48
3.4 Literature REVIEW STUIES........ccveiicieieeie ettt sreane e 49
3.5 Develop A ResSearch APProach.........cccocieieeieie it 50

3.5.1 QUANTITALIVE IMETNOM ......ceviiieiie et et 50

3.5.1.1 SUIVEYS DEVEIOPMENT ..ottt sbesre s 50
3.5.1.2 QUESLIONNAITE RBVIEW ......cviiiiiiciie ettt ettt et eree v 52
3.5.1.3 Questionnaire Reliability TeSt ........ccooiiiiiiiieiiecee e 52

K T - W 0] 1 [ (o] I SR 53
3.6.1 ResaaSiuESF— ... B BN S N W W M 53
3.6.1.1 Descriptive Analysis for Objective 1 and ODJectiVe 2........c..ccooeieiiisiicncrienen 55
3.6.1.2 Research Plan for OBJECHIVE 3..........coceiiiiiicie ittt 56
3.6.1.3 Research Plan for OBJECHIVE 4.........ccvciiiiiiee et 58

3.7 Data Sampling And Target POPUIALIONS.........cccuiiiiiaiiiii e s 59
3.8 DALA ANAIYSIS ...t et e e e e ae e re e nreereenrs 59

CHAPTER 4:RESULTS AND DISCUSSION ......ooiiiiiiieeiecce e 60
4.1 FINAING AN ANGIYSIS ...ecvveeieeiecie et te et re e sre e sreestaesteesreenree e 61
4.2 DemMOGraphiC ANAIYSIS .......eiuieieie ittt sttt te et saesre e eeene e 62

4.2.1 Demographic Analysis: Nature Of BUSINESS ..........ccoeiiirineneiinese e 62

4.2.2 Demographic Analysis: Number Of EMPIOYEES..........cccvviiiriiiiieneceeesc e 63

4.2.3 Demographic Analysis: Space OWNEISHIP........cccvieiriiiriee e 64

4.2.4 Demographic Analysis: Premises HCENSE StatUS..........c.cvveveivevieresesiese e seeesie e 65
4.3 Section B: ReCyCling INItIatiVES.......ccooiviiiiicccc e 66

4.3.1 The Supply Chain OFf WASEE .......cccviieeeceee et 66

4.3.1.1 The Supply Chain of Waste: Nearby, From The Same Area.........cccccevvvevvernnnnn 68
4.3.1.2 The Supply Chain of Waste: Same DIStriCt..........ccoovrireieiiiiiriiereeese s 68
4.3.1.3 The Supply Chain of Waste: Different DiStriCt ...........ccocoovviinininiieiierciens 69
4.3.1.4 The Supply Chain of Waste: Import, Different Country ...........cccccevvvvivvivernrinne. 69

Vi



4.3.1.5 The Supply Chain of Waste: Different State ...........cccccevvveveviie i 70

4.3.2 SOUICE OF WASEE ...ttt e sae st en e e nne s 71
4.3.2.1 The Source of Waste: HOUSENOId............oooiiiiiii e 73
4.3.2.2 The Source of Waste: Small ColleCtor...........cocovviiiieiiiieee e 73
4.3.2.3 The Source of Waste: WaSte BiN .........cccoooviieriniiiiie e 74
4.3.2.4 The Source of Waste: ManuUfaCtUIers...........cevvveiiiie e 74
4.3.2.5 The Source of Waste: Offices or UNIVersities .......c.ccvvvveerieiv s 75
4.3.2.6 The Source of Waste: Waste COMPANIES........cccceivevievieiecieie e 75

4.3.3 Frequency of Waste COllECHION.........cccccviicii i 76
4.3.3.1 Frequency of Waste Collection: Household ... 78
4.3.3.2 Frequency of Waste Collection: Small Collectors...........ccooerevviiienenniienniee 78
4.3.3.3 Frequency Of Waste Collection: Offices Or Universities .........cc.ccocvvevveenernne. 79
4.3.3.4 Frequency of Waste Collection: ManufaCturers ...........ccoceeevievveivevesnsievesnne 80
4.3.3.5 Frequency Of Waste Collection: Waste BiNn..........cccccovvvveieniiesiecneseseese e 80
4.3.3.6 Frequency Of Waste Collection: Waste COMPanies..........cccocvvvevveveieseeresvenes 81

4.3.4 Main Product Or Material ColECte. ......ciuiiiiiiiiiiiiiiiisie s 82
4.3.4.1 Main Product Or Material Collected: Metal .......cccovcvrierieiiiiienecesee e 84
4.3.4.2 Main Product Or Material Collected: PIaStiC........cccocveivrriiiiene i 84
4.3.4.3 Main Product or Material Collected: Paper and Cardboard..............cccccooevrennenns 85
4.3.4.4 Main Product Or Material Collected: Electrical And Electronic Appliances......85
4.3.4.5 Main Product or Material Collected: GIass.........cccoeverviireiieiiiiiiesene e 86
4.3.4.6 Main Product Or Material Collected: WO0Od.........cccovoiviie i 87

4.3.5 The Consideration Factors That Encourage For Collecting And Recycling The Plastic

Waste.... NIV ERL UL LEARNIBAL VLALA LA IR LARA.. ... 88
4.3.5.1 Consideration Factor In Accepting Or Trading The Waste: Profitability............ 90
4.3.5.2 Consideration Factor In Accepting Or Trading The Waste: High Demand ........ 91
4.3.5.3 Consideration Factor In Accepting Or Trading The Waste: Large Quantity....... 92

4.3.5.4 Consideration Factor in accepting or trading the waste: Technology Readiness 93

4.3.5.5 Consideration Factor in accepting or trading the waste: Level of Cleanliness, and
SOMEU WASEE ...ttt ettt ettt et bt e e s e e r et e e ens 94

4.3.6 Current Challenges Faced By The Recycling INndustry.........ccccccevieevivevieieevecnecsnenn 96

4.3.6.1 Current Challenges To Sustain In The Recycling Business: Government Policy
ANT LICENSING .ttt ettt ettt sb b 98

4.3.6.2 Current Challenges To Sustain In The Recycling Business: Insufficient Supply 99
4.3.6.3 Current Challenges To Sustain In The Recycling Business: Difficulties To

Identify StOIEN IHEBIMS .......ooiiie e s enee s 100
4.3.6.4 Current Challenges To Sustain In The Recycling Business: Expensive Machinery
AN TECNNOIOGY ...ttt 101
4.3.6.5 Current Challenges To Sustain In The Recycling Business: Taxes Or Fees.....102

Vii



4.3.6.6 Current Challenges To Sustain In The Recycling Business: Capital................. 103
4.3.6.7 Current Challenges to Sustain in the Recycling Business: Complaint from

NEIGNDOINOOM. ... e 103
4.3.7 Drivers to Sustain in the Recycling BUSINESS ..........ccoviiiriniiiiiniic e 105
4.3.7.1 Drivers To Sustain In The Recycling Business: High Demand For Recycled
IMTBEETTAIS. ...t sttt et nr b 107
4.3.7.2 Drivers to Sustain in the Recycling Business: High Consumer Awareness.......108
4.3.7.3 Drivers To Sustain In The Recycling Business: Wide Collaboration................ 109
4.3.7.4 Drivers to Sustain in the Recycling Business: Guaranteed VVolumes of Waste
SUPPIY bbb 110
4.3.7.5 Drivers to Sustain in the Recycling Business: Standardized Market Value ......111
4.3.7.6 Drivers To Sustain In The Recycling Business: Material Scarcity.................... 112
4.3.7.7 Drivers to Sustain in the Recycling Business: Legislation ..............cc.ccoceevennenn. 113
4.3.7.8 Drivers To Sustain In The Recycling Business: Government Funding Injection
........................................................................................................................................ 114
4.3.8 : Local-Recycling Supply Chain Framework In Managing Plastic Waste In Malaysia
............................................................................................................................................ 115
4.3.8.1 Framework review by authority .........ccccveveieieiccc e 117
4.3.9 Responsible Identities In Plastic Waste OWNership........cccoccocevieeviiiiieii e, 118
4.3.9.1 Responsible Party of Plastic Ownership: Government............c.cccceeveivrvnrennes 119
4.3.9.2 Responsible Party of Plastic Ownership: ENd-USEr.........cccccoviiieeriiieieeeneenen. 121
4.3.9.3 Responsible Party of Plastic Ownership: Recyclers ...........ccoooeviioinennnnnnnn 123
4.3.9.4 Responsible Party Of Plastic Ownership: Manufacturers.............c..ccooveverenenn. 124
4.4. Recycler Preference INUEX . ... 125
4.4.1 Recycler Preference Index: Parameter 1 (Profit) ..o 126
4.4.1.1 Parameter 1: Net Profit Margin..........ccccooeviiiiiieic s 130
4.4.2 Recycler Preference Index: Parameter 2 (Consumer Awareness for recycled
MALETTAIS) ...t 133
4.4.3 Recycler Preference Index: Parameter 3 (Government policy and licensing).......... 134
4.4.4 Recycler Preference Model: The Products Distribution .............cccccceevvinenenns 137
CHAPTER 5:CONCLUSION.......coiii ettt sre st ste et e e nnne e 138
5.1 Conclusion OF THe STUAY .......cuiiiiieiiiiiriee e 138
5.2 RECOMMENUALION ...ttt sttt s et st e ene e b e ste e e seenreenes 140
5.3 Sustainable design and deVelopmMENt ............coeviiiiiiiii it 141
5.4 Complexity 0f the r8SEAICH .......ccvcivi i 141

viii



REFERENGCES ... .o e e

APPENDIX



LIST OF TABLES

Table 2. 1 : Barriers of the circular €CONOMY ........cccccviieiiieiiiie e 11

Table 2. 2 : Overview of circular economy solutions and examples of their

IMPIEMENTALION ...t e e ste e re e reebeeneenrees 17
Table 2. 3 : Thermoplastic and thermoset, (Ahmad et al., 2015) ........cccccovevieeiievnenee. 19
Table 2. 4 : Type of plastic (Clunies-ross, 2019) ........cccoceriririniininienenee e 19
Table 2. 5 : Major market segments for the plastic product in Malaysia, 2008, 2009,

2010 and 2018, (Khazanah Research Institute, 2019) ..........ccoeviriiiiieninenesceeeeee, 29
Table 2. 6 : Usage and recycled product made from plastic (Alan, 2017) ..................... 37
Table 2. 7 : Recycling ability of plastic in Malaysia (Khazanah Research Institute, 2019)
........................................................................................................................................ 38
Table 2. 8 : Current recycling challenges in Malaysia ........c.ccoouieeiiiiiiniciiiiiieees 39

Table 2. 9 : MESTECC Roadmap Summary 2018-2030 Towards Zero Single-Use
Plastics, (Ministry of Energy, Science, Technology, Environment and Climate Change

Malaysia (MESTECC), 2018) c.vcueiuiiiiiiiiiieiiiiieiieit ettt an s 42
Table 3. 1 : Cronbach's Alpha rule of thumb........c.cooiiiiiiiiee e, 52
Table 3. 2 : Sample size formula (ANYANWU, 2020) ..o 59
Table 4. 1 : Reliability Statistic of The Study .........ccccoveiiieiiiiececeee e 61
Table 4. 2 : Frequency statics of overall recycler’s supply chain of waste .................... 66
Table 4. 3 : Scale to analyse LIKert SCale ..........cccoovevviieiieii i 66
Table 4. 4 : Statistic frequency supply chain of waste: Nearby, from the same area
(ZKIM=2KIM) 1ttt b e e re e be e e nne s 68
Table 4. 5 : Statistic frequency supply chain of waste: Same District (2km-10km) ...... 68
Table 4. 6 : Statistic frequency supply chain of waste: Different District (11km-30km)
........................................................................................................................................ 69
Table 4. 7 : Statistic frequency supply chain of waste: Import ..........ccccccevvveviiieieennnn, 70
Table 4. 8 : Statistic frequency supply chain of waste: Different state .............c...c........ 70
Table 4. 9 : Frequency statics of overall recycler’s supply chain of waste .................... 71

X



Table 4. 10 : Scale to analyse Likert scale ..........cccoveiiiiiie i 71
Table 4. 11 : Statistic frequency source of waste: Household............cccccceviveviiiiiennnnn, 73
Table 4. 12 : Statistic frequency source of waste: Small Collector..............cccccovevvennen. 73
Table 4. 13 : Statistic frequency source of waste: Waste Bin .........cccccoevvvvevviinneennnnn, 74
Table 4. 14 : Statistic frequency source of waste: Manufacturers.............ccccceeevereennn, 74
Table 4. 15 : Statistic frequency source of waste: Offices or Universities.................... 75
Table 4. 16 : Statistic frequency source of waste: Waste Companies .............ccccecvvenen. 75
Table 4. 17 : Frequency statics of overall recycler’s frequency of waste collection...... 76
Table 4. 18 : Scale to analyse LIKEert SCale ..........ccovevviieiieii i 76
Table 4. 19 : Statistic frequency of waste collection: Household ..............ccccceeeieenene. 78
Table 4. 20 : Statistic frequency of waste collection: Small Collectors (by Lorry,
BICYCIE, BLC.) ittt sneenne s 79
Table 4. 21 : Statistic frequency of waste collection: Small Collectors (by Lorry,

T Toy Yo [T (o I PR 79
Table 4. 22 : Statistic frequency of waste collection: Manufacturers ...........cc.ccccceeu.... 80
Table 4. 23 : Statistic frequency of waste collection: Waste Bin...........c...cccoevevvreennene 81
Table 4. 24 : Statistic frequency of waste collection: Waste Companies............c.c........ 81
Table 4. 25 : Frequency statics of overall recycler’s supply chain of waste .................. 82
Table 4. 26 : Scale to analyse LIKert SCale ..ot 82
Table 4. 27 : Statistic frequency of main materials collected: Metal ..........ccc...ocveeneen. 84
Table 4. 28 : Statistic frequency of main materials collected: PlastiC..........ccccccevveennee. 84
Table 4. 29 : Statistic frequency of main materials collected: Paper and Cardboard..... 85
Table 4. 30 : Statistic frequency of main materials collected: Electrical and Electronic

F N o] 0] [T T (ot OSSR 86
Table 4. 31 : Statistic frequency of main materials collected: GIass..........c.cccceevvrrennne. 86
Table 4. 32 : Statistic frequency of main materials collected: Wood................cccveeee.n. 87
Table 4. 33 : Frequency statistic for overall consideration factors that encourage for
collecting and recycling the plastic Waste ...........cccccceiieiieie i 88
Table 4. 34 : Scale to analyse LIKert SCale ..........ccooeiiieiiiiiiiecee s 88
Table 4. 35 : Statistic frequency of profitability...........c.ccccoovviiiiiii e, 90
Table 4. 36 : Statistic frequency of high demand.............ccccoi i 91
Table 4. 37 : Statistic frequency of large quantity............cccocveveiievieiie e, 92
Table 4. 38 : Statistic frequency of Technology Readiness ..........ccccovereriiieienneennnnn 93
Table 4. 39 : Statistic frequency of Cleanlingss ..........ccccovvevveieiiierieece e 94

Xi



Table 4. 40 : Statistic frequency of sorted Waste..........ccceveeiiieiiiiiic i 9

Table 4. 41 : Frequency statistic for current challenges faced by recyclers to sustain in

the industry
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.
Table 4.

..................................................................................................................... 96
42 : Scale to analyse HKert SCale..........ccooveieiiiiiiiinicc e 96
43 : Statistic frequency of Government policy in licensing .........c.cccoceevvennne. 98
44  Statistic frequency of Insufficient SUPPIY ... 99
45 : Statistic frequency of difficult to identify stolen items ............cccceevenenn 100
46 : Statistic frequency on Expensive Machinery and Technology ............... 101
47 : Statistic frequency Of Taxes OF FEES......cccvivvvieieiieiiere e 102
48 : Statistic frequency of capital ..., 103
49 : Statistic frequency of Complaint from neighbourhood...............c..c........ 104
50 : Frequency statistic for recyclers driver to sustain in the industry........... 105
51 : Scale to analyse lKert SCale...........cccovveveriierieie e 105
52 : Statistic frequency of High demand for recycled material...................... 107
53 : Statistic frequency of High Consumer AWareness..........cccuvervvereeieeenn. 108
54 : Statistic frequency of Wide Collaboration .......c....ccceccoociiivieiiiineieiennn, 109
55 : Statistic frequency of Guaranteed volumes of supply...........ccceeveeneee. 110
56 : Statistic frequency of Standardized Market Value..............ccccceeeveivnnenn, 111
57 : Statistic frequency of Material SCarCity ........ccccevevivereiieniiene e, 112
58 : Statistic frequency of Legislation............cccoicincicic i, 113
59 : Statistic frequency of Government Funding Injection .........c.ccoeevveeneee. 114
60 : Statistic frequency of ownership from Government perspectives........... 119
61 : Statistic frequency of ownership from End-user perspectives................ 121
62 : Statistic frequency of ownership from Recyclers perspectives............... 123
63 : Statistic frequency of ownership from Manufacturers perspectives ....... 124
64 : Profit from recycled materialS............ccooovveiieii i, 127
65 : Profit SCOrNg LEVEl ......ccooiieie e 130
66 : Net profit Margin ..o 132
67 : Consumer Awareness on recycled materialS...........ccccoooveiiniiiiicinenn, 133
68 1 CONSUMET AWAIENESS SCOTE......eeiueeeieeasreesieessreesseeareesreessreesreeareesseesneee e 134
69 : RegUIALION SCOTE ... 134

Xii



LIST OF FIGURES

Figure 2. 1 : Three key sustainability pillars (Purvis, Mao, and Robinson, 2018)........... 8
Figure 2. 2 : Cycle of the circular economy (UNIDO, 2019).......cccccoviiievieiieeiieeienn, 10
Figure 2. 3 : Circular economy, (MacArthur, Waughray, and Stuchtey, 2016)............. 14
Figure 2. 4 : Circular economy solutions in the plastics sector, (MacArthur, Waughray,
AN STUCHTEY, 2016) ..ottt bbbt 15
Figure 2. 5 : Primary plastic by the industrial sector in 2015, (Geyer, Jambeck, and Law,
2007ttt bttt a et et e b reebe st e re et nreneare e 21
Figure 2. 6 : World production of plastics between 2008 to 2018, (Plastics Europe
Market Research Group, 2019) ......ccoiiiiiiiiiiiie s 21
Figure 2. 7 : Global plastics distribution in 2018, (Plastics Europe Market Research
Group, 2019) = ... .. ... L. T W 22
Figure 2. 8 : The world's largest exporter of plastic waste and scrap (United Nation
Comtrade database, 2018) .......c.eoiuiiiieiieeie et esre e ee s s s s e e e aenr e sreenree s 24
Figure 2. 9 : Malaysia's 2015-2018 imports of plastic waste from the top 6 countries,
(United Nation Comtrade database, 2018) .....c..ccoueueieiiiiiiinieeeeee s 26
Figure 2. 10 : Breakdown of Malaysia’s imports of polymers from 2015 to 2018,
(United NationiComtrade:database;2008) A.b.. At Ak AW LA AL A5 A, 26
Figure 2. 11 : Total waste generation per day (ton/day) in Malaysia (Khazanah Research
INSHILULE, 2019) ... ittt e e r et e s 27
Figure 2. 12 : Waste generation in Malaysia by sector from 2012 to 2017 (Khazanah
Research Institute, 2019) .....ccoviiiiiiccic e e 28
Figure 2. 13 : Total percentages of waste generation in Malaysia from 2012 to 2018
(Khazanah Research Institute, 2019).......cccceiiiiiiiiiiiieiic e 28
Figure 2. 14 : Major market segments for the plastic product in Malaysia, (Khazanah
Research INStitute, 2019) ......ooieiiie et 30
Figure 2. 15 : Major market segment of plastic product in Malaysia, 2018, (Khazanah
Research INStitute, 2019) ......cviiiiiiececce e 30
Figure 2. 16 : Recycling Rate in Malaysia (Khazanah Research Institute, 2019). ......... 31

xiii



Figure 2. 17 : Recycling Rate of Selected Developed Countries in 2018, (Khazanah

Research INStitute, 2019) .....civeiieieiieieee et nne s 31
Figure 2. 18 : Plastic Recycling Rate in Malaysia (Khazanah Research Institute, 2019)
........................................................................................................................................ 32
Figure 2. 19 : Map of regulatory areas and agencies (Malaysian Plastic Manufacturers
Association & Malaysia Plastic Recycle Association, 2019).........cccccevvreneninienieinenn, 34
Figure 2. 20 : JICA plastics recycling flow, (National Solid Waste Management
DePartMent, 2011) .....ccveiiieiiieieieeieee et 35
Figure 2. 21 : Material separation tree (Mohamed Sultan et al., 2017) .........ccccccvvreenenn 46
Figure 3. 1 : Overall research plan for this study ..........ccccovveiiiiiiic e, 54
Figure 3. 2 : Research design for Objective 1 and ObjJective 2 ..........ccocvvervrenvnnnnenn 55
Figure 3. 3 : Research flow for Objective 3 .........coovviiieii e 57
Figure 3. 4 : Research plan for ODJECTIVE 4 ......covviiiiiiiiiinisesesee s 58
Figure 4. 1 : Pie chart of the respondent nature of BUSINESS.......cccccveeiiiiieiiiie e, 62
Figure 4. 2 : Number of employeess:.... o iuuailseeeubussssfiiunsilessuessnebassntassasane e seeeeeneees 63
Figure 4. 3 : SPAC OWNEISHID ..oovviiieieieieite sttt 64
Figure 4. 4 : RrenAIs€s heensestatuSemr e, Ot bl B 65
Figure 4. 5 : Supply chain of the waste ... 67
Figure 4. 6 : Recyclers SoUrce 0f WS ......ccccvvveiieiiiiciic e 72
Figure 4. 7 : Frequency of Waste COlECtioN ..........ccoovviiiiiniiiiece e 77
Figure 4. 8 : Main Product or Material Collected............ccccoveviiiiiiiiiiii e, 83
Figure 4. 9 : Recyclers overall consideration factors ...........c.ccoovivivieneneniseseeecnes 89
Figure 4. 10 : Current Challenges in Recycling BUSINESS ..........cccceviveiiieiieiiieesie e, 97
Figure 4. 11 : Drivers to Sustain in Recycling BUSINESS ...........cccoeiiierineninecieiene. 106
Figure 4. 12 : Local-Recycling Supply Chain Framework In Managing Plastic Waste In
IVTBIAYSTA. ...ttt bbbt 116
Figure 4. 14 : Responsibilities Identities in Plastic Waste Ownership...........c.ccc.c....... 118
Figure 4. 15 : Recyclers Preference INAeX.........cocceieieniieiiiineeeese e 125
Figure 4. 16 : Company Profit from Plastic Waste............cccccevvvevviiiiicie e 126
Figure 4. 17 : RPI index for type of plastiCc WaSte ..........cccoceviririeieie e 137

Xiv



CHAPTER 1
INTRODUCTION

1.1 Background

Plastic is undeniably one of the greatest inventions that have made, where the
presence of plastic has continuously contributed to the development of the society to meet
their needs. As we can see today, the plastic fact could be seen worldwide and has been
a part of social lifestyles. Nowdays, plastic has helped society in many ways, including
preserving foods, channelling waters, providing a lightweight and unbreakable material
for various sectors, and many more. Food packaging is commonly used in the supermarket
to protects and preserve the foods allowing the society to have excess to fresh and
nutritious food. Plastics also use the pipe system where the plastics help reduce the water

loss.

The ability to resist corrosion and fracture in plastics has made plastics a suitable
material for the water supply system. Plastics are also called lightweight material and can
be found in the aviation industry. Light properties assist aircraft in increasing aircraft fuel
efficiency and emissions of carbon dioxide. Plastics are widely used in the healthcare
sector because of its endless application in life-saving. Existing health facilities such as
disposable blood bags, tubing, catheters, syringes, protective gloves, and life-saving
valves prolong society’s health. The versatility, exceptional strength, cheapness and no

extensive maintenance requirements have favoured plastics in many industries.



The plastic production and consumption have been gradually increasing in this
era of urbanization and economic growth. The annually growing production of plastics
could be seen where plastic manufacturers have reported to generate more than 359
million metric tons of total production in 2018 (Garside, 2020), with Malaysia contributed
4.8% until February 2019 (Indeks Pengeluaran Perindustrian Malaysia, 2019). The
plastics manufacturing industry is one of the most competitive and growing sectors in
Malaysia. According to NSWMD (2011), an average plastics industry growth of 15% has
been achieved in the recent 11 years due to the strong Malaysian economy. It is reported
that an estimated 2 million tonnes of plastic resin have been produced locally.
Nevertheless, this higher rate of plastics produced would simultaneously increase the
percentage of plastic waste. It will become a threat to life if they are not adequately

managed.

Based on previous study, Klemes et al. (2020) claimed that the price of the virgin
plastics is lower than any other material, which, unfortunately, has allowed this material
to be single-use in many applications. Current production and management in the plastics
industry have become alarming as they keep practising the linear economy concept, the
‘take-use-make-dispose’ approach. The plastic sector is an important contributor to
economic growth, but its current production pattern has led to the deterioration of the
environment, and the adverse effects on human health, (Ricardo Barra and Leonard,
2018). This approach of the linear economy will focus on the extraction of virgin material.
Then it will be processed into a usable product, and later this useful product would be

used by the consumer for a certain period before it is discarded.

The linear economy approach has been argued by Jawahir and Bradley (2016) that
highlighted this approach does not consider environmental, economic, and societal
impacts, making it an unsustainable solution. This statement is supported by Ricardo
Barra and Leonard (2018), where the scholar pointed out that the linear economy
approach that is practised in the plastic industry harms the environment and the livings
throughout its lifecycle. According to the Geyer et al. (2017), a staggering 6,300 million
tonnes of plastic waste is generated in 2015. Only 9% is recycled, 12% is incinerated, and

the rest is dumped in the landfill or thrown in the ocean. Malaysia generates 1.52 million



tonnes of plastic waste with 22.9 million coastal population in 2010 (Hoegh-Guldberg et
al. 2015) and has been ranked 8" mismanaged plastic waste country (MESTECC, 2018).
2.9% of the plastic waste was blown from 1,52 million tonnes produced, and 0.14 to 0.37
million tonnes have been thrown in the ocean. It can be seen mostly during the end-of-
life (EOL) phase of plastic products where NSWM (2019) points out that plastics pollute

50% of the sea takes 500 years to break down all plastic waste.

Plastic is a huge problem, especially when it gets into the ocean, and humans get
exposed through the food chain. Besides, NSWM (2019) points out that animals often
deceive plastic waste as food, and approximately 60% of seabirds and almost of the turtles
eating plastics. Not only that, many of the animals starve with stomachs full of
indigestible trash and which can harm the wildlife (Hoegh-Guldberg et al. 2015). The
issues have been debated internationally, and one way to provide a sustainable future is
to adopt a circular economy. The circular economy is an alternative to the current
approach and is supposed to lead a sustainable future. The purpose of the circular
economy approach is to reduce the need for new raw resources to be extracted, to retain
the resources in use for a more extended period, and to ensure that the goods can be

regenerated at the end-of-life phase (Barra et al., 2018).

The circular economy works closed-loop framework in which the value of
products, materials, and resources is kept as far as is feasible in the economy (Merli et al.,
2018). Jawahir and Bradley (2016) defines that circular economy as an effective plan to
decrease the waste resources throughout the product’s entire life cycle. The circular
economy could be improving resource efficiency by reducing, reuse, and recycle culture
by going back to recycling, moving away from virgin resources, and shifting towards
reusable resources. With all the benefits offered, MPMA (2019) points out that Malaysia
should not hesitate to start implementing the circular economy as the potential seen in

this approach are enormous.



1.2 Problem Statement

Plastic has played a definitive role in delivering much of the socio-economic
advantages of modern life. Today, plastics have dominated many industries and have
replaced many conventional materials. The rapid urbanization, economic development,
and a larger population are the primary drivers that lead to the heavy reliance on plastics
in livings life. Plastic has benefited the livings in many ways. This kind of material could
be seen everywhere closer to the livings, starting from the smallest thing such as paper
clips to the most prominent thing such as the spaceship. Owing to the widespread use of
plastic, the plastic industry's average growth rate in Malaysia is seen to increase. This is
said to grow 15% in the last 11 years (NSWMD, 2011) with Malaysia's market share in
the plastic industry rises from 40% in 2008 to 48% in 2015 (KRI, 2019). In 2018, 51% of
360 million tons of plastic produced globally were from Asian countries (Plastics Europe
Market Research Group, 2019).

Owing to the widespread use of plastic products in 2018, Malaysia has collected
more than 1 million tons of plastic waste. Out of the total waste collected, only 24.6% are
recycled (NSWM, 2019). The remaining were either end up in the landfill nor thrown into
the ocean causes critical environmental problems. A study of plastic recycling,
D'ambrieres (2019) points out that plastic is a uniquely incredible material that could
benefit humans in several ways. It would be a waste if the end-of-life products were
discarded or thrown away because they have an immense value that could help society
grow. Besides, this development will enable industries to emerge and recover value from
recycled materials that are more sustainable and cost-effective. However, this

development could be done with a higher recycling rate.

Malaysia is beginning to move forward towards a sustainable future by preparing
to adopt a circular economy in industry practices (MPMA, 2019). However, to do so, the
government must take various measures such as identifying ownership of plastic
recycling, determining the critical factors for the execution of plastic recycling initiatives,
and constructing the official plastic recycling framework for Malaysia which are currently

absent. The absence of the ownership of plastic recycling has caused the growth of illegal



plastic recycling plant. Toto (2019) points out the unlawful recycling plant poses a threat
to the environment as they often dumped and burned the plastic waste causes pollutions.
Not only that, but these companies also do not have a permit from the department of
environment, and the pollution control system has never been installed throughout the
operating years (Lim, 2019). The absence of official recycling framework, and a lack of
critical factor in recycling, the country's mission to achieve a sustainable future is likely
to slow down. Therefore, Malaysia is in need of developing more authorized recycling

plant that owns the responsibilities to manage the waste sustainably.

1.3 Objectives

1. To determine the critical factors for the execution of plastic recycling initiatives
for Malaysia

2. To identify the end-of-life waste ownership for plastic waste in Malaysia

3. To construct the local-recycling supply chain framework in managing plastic
waste in Malaysia.

4. To model the recycler preferences index (RPI) for plastic waste in Malaysia

1.4 Scope of Research

This study is based upon a critical factors from recycler’s perspectives which measure the
driver, challenges and consideration factor for the plastic waste recycling initiatives in
Malaysia. Measurement of these critical factors is crucial to enhancing recycling culture
among recyclers, as recycling is one of the key Circular Economy (CE) approaches. The
output of critical factors to the implementation of plastic waste recycling initiatives are
solely based on the perspectives of the recyclers in Selangor and Johor. The measures for
plastic waste ownership is crucial to determine the responsibe identities in ensuring waste
is managed adequately. The constructed local-recycling supply chain framework for
plastic waste and Recycler Preference Index (RPI) developed is primarily based on
recyclers in the targeted area and may also be applicable to others with some relevant

modification.



1.5 Report Outline

e Chapter 1: Introduction
The chapter forms a general view of determining the research problem statement
to find the report's actual objectives.

e Chapter 2: Literature Review
This chapter presents the literature review of the report to deliver an exact point
of view of plastic waste in term of its sustainability, circular economy, global
plastic scenario, Malaysia plastic scenario and recycling rate of plastic in
Malaysia.

e Chapter 3: Methodology
This chapter represents a way or methodology to cater to all the objectives stated
in chapter 1. All of the objective methods represent a flow chart to give a clear
flow on each objective.

e Chapter 4: Result and Discussion
This chapter presents the findings in chapter 3. All the data collected helps the
researcher redesign the plastic waste management framework and constructing
recycler preferences index (RPI) of plastic waste in Malaysia to help the
government re-establish the recycling rate in Malaysia.

e Chapter 5: Conclusion
This chapter represents the conclusion of the report and the recommendation for

future research.
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