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Abstract

APPLICABILITY OF ZERO WASTE CONCEPT TO THE SRI LANKAN
CONSTRUCTION INDUSTRY

The construction industry, being the largest industry, it generates massive quantities of
Construction and Demolition waste (CDW). Generation of CDW leads to issues related to
environmental pollution, adverse health issues, economic issues, social issues, and undesirable
landfill creations. Strategies such as the 3R concept (Reduce, Reuse, Recycle), and waste
hierarchy are followed in the construction industry for CDW management. Although such
strategies are applied to manage the CDW, CDW management is still in a primary stage. In
order to eliminate CDW, the Zero waste concept emerged as a potential solution. Although,
Construction Waste Management (COWAM) project is available for manage CDW in Sri
Lanka, there is a lack of studies to manage C&D waste management. Thus, this study focuses
on elimination of CDW from construction industry by applying zero waste concept.

To achieve the ultimate aim of the study, comprehensive literature survey was carried out by
referring to the existing findings on CDW definitions, origins and causes for CDW generation,
composition of CDW, impacts of CDW, strategies, enablers, barriers and zero waste concept.
Further, qualitative research approach was followed and eight case studies were used to collect
data. Semi structured interviews, document review and observations were carried out in the
selected eight case studies. To analyse the collected data, cross case analysis was followed.

Through the case study findings, composition of CDW, origins and causes of CDW, current
CDW management procedure, strategies, enablers, barriers and suggestion to apply zero waste
concept in the Sri Lankan context were identified. Finally, all the collected data was
harmonized into one place and a framework was developed to apply zero waste concept in the
Sri Lankan construction industry.

Key words: Applicability, Barriers, Construction and Demolition waste (CDW), Enablers,
Suggestions, Zero Waste



Dedication



Acknowledgement

The correct guidance and follow-ups should be there to be successful in doing any kind
of task. This dissertation would not be possible without the guidance and dedication
of numerous respectable individuals. | take this opportunity to convey my gratitude to
all of them.

Firstly, 1 would like to express my heartiest gratitude to Dr. K.G.A.S Waidyasekara,
whose constant guidance, supervision and valuable advices helped me to make this
research a success. | amalso grateful to my co- supervisor, Mrs. B.H. Mallawarachchi,
for her valuable support and constant monitoring. My deepest appreciation goes to all
the academic and non-academic staff members of the Department of Building
Economics for their support. Further, I wish to extend my sincere gratitude to Senate
Research Committee of University of Moratuwa for providing funding to undertake
this research under SRC/LT/2018/16.

My sincere appreciation goes to the interviewees and industry practitioners for their
immense support that was given to collect data for my research. A deep sense of
reverence gratitude goes towards my parents and my brother for their immense support
and encouragement throughout the research. Finally, my appreciation goes to all my

friends who have helped me directly and indirectly to make this research a success.



Table of Content

DECIAIALION ...ttt I
ADSTTACE ... ii
DT [(0F: 14 To] o T TP P TR UP PP UPPPRPPY v
ACKNOWIBAGEMENT ...t v
Table OF CONTENE ......ooiiiii s vi
LSE OF FIGUIES. ...ttt Xi
LISt OF  TaDIES ... Xiii
ADDIEVIALION ... Xiv
CHAPTER ONE ..ottt e e et a e e s nntaeee e 1
1.0 INTRODUCTION. .. .ootiiiiiiiiiie ittt e e e e enees 1
1.1 BACKGIOUNG ...ttt ettt 1
1.2, Problem Statement.........cccoooiiiiiiieeee 4
.30 M et 6
S O o] 1= od {1V PSSR SURRSURRPR 6
1.5. Research Methodology .......cuveeiiiiiiiie et 7
1.6. Scope and LimiItation ..........cc.eeiiieeiiiie e 7
1.7. Chapter BreakdOWN ..........cccviiiiiee et e e e snae e ane e 7
1.8 SUMIMAIY ...t e e e e e e e s s ee s 8
CHAPTER TWO ...ttt 9
2.0. LITERATURE REVIEW ...t 9
2.1 INEFOAUCTION ...ttt 9
2.2. Construction and Demolition WaSLE............ccoiiiiiiiiiiiiiesec e 9
2.3. DEfiNItioNS OF CDW.....c.ciiiiiiiiicieei e 10
2.4. Origins and Causes 0f CDW ........ccocoiiiiiiiie e 11
2.4.1. Origins OFf CDW .....coiiiiiiie et 11

Vi



2.4.2. CAUSES OF CDWV ...t 12

2.5. ComMPOSItION OF CDW .....ciiiiiiiiiiiiee s 12
2.6. CDW Management in the Construction INdustry...........ccccoooeeviiiieniicniennn 16
2.6.1. CDW management in developing COUNEIIES ........c.covveriierieiiiieniee e 17
2.6.2. CDW management in developed COUNLIIES .........c.ccvervienieiiieniieniieene 18
2.7. IMPACES OF CDW ...t 20
2.8. CDW Management SErategieS.........cuureiueiieeiriesiriesieesiee st 21
2.8.1. BR CONCEPL ...ttt 23
2.8.2. WaSEe HIBrarCNY.........ooiuiiiiiiiie e 28
2.8.3. Zero Waste(ZW) CONCEPL ....ccveeiiieiiiieiiie ittt 28
2.9. Enablers of CDW Management ...........cccueiiieiiienieiiee e 29
2.10. Barriers 0f CDW Management..........cocueiieeiiieneeeiee et 30
0 O =T o] ) A ST 33
2.12. Development of ZW CONCEPL .....vvveeiiieeeiiie e 35
2.13. ZW SHTALEQIES ....vveeeiiveeeeieeeeiie e e etee e e st e st e e st e e st a e st e e e snbeeesnbeeesnneeesnneeeanes 37
2.14. ZW ENADIEIS. ... 41
2.15. ZW BAITIEIS ...ttt 44
2.16. Application of ZW Concept to the Sri Lankan Construction Industry.......... 45
2.17. Conceptual FrameworK............cooiiiiiieie e 47
2.18. SUMIMAIY ..ottt e e e e e e e e s st r et e e e e e s s s bbb e eaaaaeeasnaas 47
CHAPTER THREE ..ot 49
3.0. METHODOLOGY ....ootiiiiiiiiee ettt 49
3L INErOAUCTION ...t 49
3.2. RESEAICN DESIGN ....eeciiie ettt 49
3.3. RESEArCh APPrOaCh.......ccoiiiiiiee et 49
3.3.1. Quantitative APProaCh ..........ccveeiiie i 50

Vil



3.3.2. Qualitative APProach ........cooiiiiiiie 51

3.3.3. MiXed APPIOACH ... 51
3.3.4. Selected approach for this StUY .........cccceeiiiiiieiiiii e 51

3.4, RESEAICH STIIALEQY .. eouveeiiiieitie ettt 52
3.4.1. Qualitative approach StrategiesS..........occvevriieriierieiiie e 52
3.4.2. Selected strategy for this StUAY ...........ccoeviiiiiiinici 54

3.5. Research Techniques for Data Collection............c.ccccevvveiiiee s 55
3.5.2. EXPert Validation ..........ccoiiiiiiiiiieii s 56
3.6. Data Analysis TEChNIQUES..........coiuiiiiieiieiieee e 56
3.7 SUMIMAIY ..ottt ettt ekt e bbb e e e e e e 57
CHAPTER FOUR ...ttt ettt et e e nntnea e e 58
4.0. DATA ANALYSIS AND FINDINGS......oooiiiiiiieeiiiice e 58
4.1, INEFOTUCTION ... 58
4.2. Profile 0F the CaSES........eoiiiiiiiiiie s 58
4.3. Profile of the ReSPONAENES ........oveiiieeiiie e 59
4.4, Composition of CDW material ...........ccccooviieiiiie i 61
4.4.1.  Discussion on composition of CDW materials ............cccccevvvveinnnnne, 62

4.5. Origins and Causes 0F CDW ........ccveiiiieiiie e 62
4.5.1. Discussion of origins and causes of CDW generation..............cccccccvve..ne. 64

4.6. CDW Management ProCEAUIE ..........coivreiiieee e cciee et 65

4.6.1. Current CDW management procedure in Sri Lankan construction industry

4.7. CDW Strategies Which Leads for Zero Waste ...........cccceevvveeiiieciiiec e, 71

4.7.1. Common CDW management strategies and opportunities in applying ZW

iN the CONSLrUCLION INAUSEIY. .....veiiiiec e 80

4.8. Enablers to Apply ZW Concept in Sri Lankan Construction Industry............ 82

viii



4.8.1. Organizational level enablers ..., 83

4.8.2. National level €nabIers ..o 87
4.9. Barriers to Apply ZW Concept in Sri Lankan Construction Industry............. 88
4.9.1. Organizational [eVel Darriers. ... 88
4.9.2. National 1eVel DAITIErS ........oveiiieeiiie st 91

4.10 Suggestions to Overcome the Barriers to Apply ZW Concept in the Sri Lankan

CONSEIUCTION TNAUSEIY ... 92
4.10.1. Organisational level SUGQEStIONS..........c.cerviiiiiiiieiie e 92
4.10.2. National l1evel SUGGESTIONS ........ccviiiieiiieie e 95
4.11. Development and Validation of the Framework .............ccccooiiiiiiicnenn 96
4.11.1. Development of the framework ..o 96
4.11.2. Validation of the framework............cccooveiiiiiiiiiii 96
414, SUMIMAIY ittt e e e e e et e e e e e e e s s bbb b et e e e e s s s bbb b e e aaeeeannaas 99
CHAPTER FIVE ...t 101
5.0. CONCLUSIONS AND RECOMMENDATIONS .....ooooiiiiieiieiee e 101
5.1 INErOAUCTION ... 101

5.2, CONCIUSIONS ...t 101

5.2.1. Objective One - Review the concepts of Construction and Demolition waste
(CDW), Zero Waste (ZW) and current Construction and Demolition waste
(CDW) management in the construction industry..........ccccccceeeviveeviiee e, 102

5.2.2.  Objective Two - Examine enablers and barriers to apply Zero Waste

(ZW) concept in Sri Lankan construction industry ...........cccceeeviveeviineeiiineenne, 102

5.2.3.  Objective Three- Propose suitable suggestions to minimize the identified
DAITIEIS ettt 103

5.2.4.  Obijective Four - Develop a framework to apply the Zero Waste (ZW)

concept in Sri Lankan construction induStry. ..........ccccceevvive e, 104

5.3, RECOMMENAALIONS. .. .ceieeeeeeee et 104



5.4. Contribution to KNOWIEAQE .........eeeiiiiiiiiiieiieece e 104

5.5. Contribution to Industry Practitioners ...........cccccvevviieiiiie e 105
5.6. FUINEr RESEAICN......ccuviieiiiie ittt snee e 105
5.6. LIMITALIONS ....vviieiiii ettt et e et e e ntae et e et eeanneeens 105
APPENDIX A: Interview GUIdeliNg .........ccovveiiiiiiiiie e 122
APPENDIX B : Framework Validation ............ccccocvviiiiieiiiie e 128



List of Figures

Figure.2.1. : CDW in life cycle of a building .........ccoooviiiiiiiiiii, 14
Figure 2.2. : Composition of CDW in Canada ...........cccceevvreiiiiineiiienicenie e 16
Figure 2.3.: Waste NIErarChy ... 28
Figure 2.4. : Linear and circular resource flow ..........ccccooiiiiiiiiiniiic e, 33
Figure 2.5.: Schematic waves of innovation management System ............c.cccceeveee. 35
FIQUIE 2.6 1 ZW SYSTEIM ...ttt 38
Figure 2.7: ZW System t0 aChIEVE ZW ........ccciiiiiiiiiiiie e 39
Figure 2.8 : Key domains in ZW management...........cooveiveiueenieeneeniee e 44

Figure 2.10 : Conceptual Framework to Implement ZW Concept in the Construction

INAUSTTY ettt ettt 48
Figure 3.1 : RESEAICH PrOCESS .......iiiiiiiiieiii et 52
Figure 3.2 : Unit of Analysis and Case Boundry..........cccooveiiiiiiiiie e 55
Figure 4.1: Waste collection in the ground floor in Case B.........cc.cccccveeveeiineeen, 66
Figure 4.2 : Waste bin arrangements in Case B ..........cccccvevviveiiiee e 66
Figure 4.3 : Steel and wood waste collection in Case C........ccccoecvveeviveeviieeviieeenn, 67
Figure 4.4: Garbage chute made out of barrels in Case E...........cccccoceveeiieeiiieeenen, 68
Figure 4.6 : Lorry used for waste transport waste in Case F.............cccceevvveevivieennnnn. 69

Figure 4.5: Bucket used to bring waste from upper floors to the basement in Case F

............................................................................................................................... 69
Figure 4.7 : CDW management procedure in Sri Lankan construction sites............. 71
Figure 4.8 : Paving blocks from concrete waste in Case B..........cc.cccccveeviveeiieeeennn. 73
Figure 4.9: Steel offcuts used in acro jacks in Case E..........cccvevvvveeiieeevieee e, 77
Figure 4.10 : Concrete Cube iINCase F......cveeeiiiiiiie e 78
Figure 4.11 : Concrete cubes used for temporary works inthe Case F ..................... 80
Figure 4.12 : Clarity of information................cccoee i, 98

Xi


file:///D:/Keep%20Desktop/MSC%20research/Finallllllll%20doc/soft%20bound/new%20corect%20111111.docx%23_Toc13778149
file:///D:/Keep%20Desktop/MSC%20research/Finallllllll%20doc/soft%20bound/new%20corect%20111111.docx%23_Toc13778154
file:///D:/Keep%20Desktop/MSC%20research/Finallllllll%20doc/soft%20bound/new%20corect%20111111.docx%23_Toc13778154
file:///D:/Keep%20Desktop/MSC%20research/Finallllllll%20doc/soft%20bound/new%20corect%20111111.docx%23_Toc13778157
file:///D:/Keep%20Desktop/MSC%20research/Finallllllll%20doc/soft%20bound/new%20corect%20111111.docx%23_Toc13778158
file:///D:/Keep%20Desktop/MSC%20research/Finallllllll%20doc/soft%20bound/new%20corect%20111111.docx%23_Toc13778163
file:///D:/Keep%20Desktop/MSC%20research/Finallllllll%20doc/soft%20bound/new%20corect%20111111.docx%23_Toc13778164
file:///D:/Keep%20Desktop/MSC%20research/Finallllllll%20doc/soft%20bound/new%20corect%20111111.docx%23_Toc13778164
file:///D:/Keep%20Desktop/MSC%20research/Finallllllll%20doc/soft%20bound/new%20corect%20111111.docx%23_Toc13778170

Figure 4.13 : Understanding level ..o 98

Figure 4.14 : Overall CONENT ..o 99

Figure 4.15 : Framework recommendation ............cccovvveieeiiieniieniie e 98

Figure 4.16 : Framework to Eliminate CDW Through ZW in Construction Industry

xii


file:///D:/Keep%20Desktop/MSC%20research/Finallllllll%20doc/soft%20bound/new%20corect%20111111.docx%23_Toc13778171
file:///D:/Keep%20Desktop/MSC%20research/Finallllllll%20doc/soft%20bound/new%20corect%20111111.docx%23_Toc13778173
file:///D:/Keep%20Desktop/MSC%20research/Finallllllll%20doc/soft%20bound/new%20corect%20111111.docx%23_Toc13778173

List of Tables

Table 2.1: CDW defiNItION......cc.oiiiiiiiiiieiee s 10
Table 2.2: ReVIEW OF CDW OFIgINS ......ooiviiiiieiiieiie e 11
Table 2.3: CDW generation and management in various COUNtries .............cccoovenee. 15
Table 2.4.: Total quantitieS Of CDW........cccveiiiieiiiie e 19
Table 2.5 : CDW generation and recycling in developed countries.............cccccveeee. 20
Table 2.6.: CDW materials and its recycling/reuse potential..............cccoovvriiinnennn. 24
Table 2.8 : Key milestones of zero waste concept development...........cccccooevvernenne. 37
Table 2.9.: Material wastage in SriLanka ...........ccccoovieiiiiniiiiieniecee e 46
Table 3.1. Qualitative, Quantitative and Mixed Approaches............ccccoeeveviviennennne. 50
Table 4.1 : Profile 0F the CASES .........ccviiiiiiii s 58
Table 4.2 : Profile of the reSpPoNdents ..........c.cooviiiie i 60
Table 4.3. : CDW MAterialS........coooviiiiiieiieiiee e 61
Table 4.4. :0rigins and causes Of CDW.........ccovioiiieiiiii e 65
Table 4.5 : Strategies and actions to eliminate CDW materials............ccccccccvevinnnnn 80
Table 4.6: Profile 0f the eXPertS .......cocviiiiiie e 97
Table 4.7 : Feedback on proposed framework validation................ccccccecvveviieeiiinenn, 97

Xiii



Abbreviation

BIM

CDW

CIDA

CWS

EMS

EPR

EU

IS

LCA

MT

MSW

SW

WM

ZW

Building Information Modelling
Construction and Demolition Waste
Construction Industry Development Authority
Construction Waste Sorting
Environmental Management System
Extended Producer Responsibility
European Union

Industrial Symbiosis

Life Cycle Assessment

Million Tons

Municipal Solid Waste

Solid Waste

Waste Management

Zero Waste

Xiv



CHAPTER ONE

1.0.INTRODUCTION
1.1 Background

In the construction industry, due to improper consumption of large amount of natural
resources, an enormous increase of construction and demolition waste(CDW) has
taken place (Kulatunga, Amaratunga, Haigh, & Rameezdeen, 2006). Yuan (2012) said
that throughout the world irresistible amount of solid construction waste caused
through building activities, renovation, and demolition activities. The construction
industry faces difficulties in reducing the waste that gets generated through the
construction activities (Banihashemi, Tabadkani, & Hosseini, 2018). In the life cycle
of buildings, waste is generated in the construction, demolition and restoration phases
of structures (Lu et al., 2011; Wang, Yuan, Kang, & Lu, 2010). Waste in general is
defined as a byproduct of material that is generated as a result of industrial and human
activities and which has no residual value (Teo & Loosemore, 2001).

Waste arising from the construction, repair, maintenance and demolition of buildings,
structures and roadways is defined as CDW (Ghosh & Ghosh, 2016). Moreover, Hsiao
et al. (2002) explained CDW as waste materials generated through construction, repair,
renovation, addition, rebuilding and demolition of legal and illegal construction
activities. When considering the CDW composition, it consists of concrete, tile,
asbestos, aluminium, cement, heavy metals, steel and timber (Esin & Cosgun, 2007;
Wang, Kang, & Tam, 2008). In addition to that, Yeheyis et al.(2013) have elaborated
that, CDW consists of wood products, asphalt, drywall, concrete, masonry and in

significant quantities of metals, plastics, earth, gravels, paper and cardboard.

In Australia, 20-30% of CDW gets landfilled (Craven , Okraglik , & Eilenberg , 1994).
In Hong Kong, during 2005, out of the 21.5 million tons of construction waste, 11%
were landfilled and 89% were used in public filling areas (Jaillon, Poon, & Chiang,
2009). Llatas (2011) stated that 35% of CDW ended up in landfills, open waste
dumping areas and in unsuitable places or in unsuitable sites. Further, in many landfills
around the world, 10-30% of SW are from CDW (Wang et al., 2010). As per Wang et

al. (2008), out of the generated CDW, concrete waste generation is higher and it is



nearly 80% to 90% due to the concrete demolition, plastering flow, excess ordering,
and template leakage. Mhaske, Darade, and Khare, (2017) said that CDW contributes
negative impacts for cost, time, environment and to the productivity of the country.

As per Osmani (2012), CDW gets originated as a result of poor information in design,
frequent changes in the design, long project duration, and due to the communication
issues in construction and design team. Further, Jaillon et al. (2009) stated that as a
result of clients’ design changes and requirement changes, huge amount of waste gets
generated. In addition to that, Li, Tam, Zuo, and Zhu, (2015) found 33% of the wasted
materials are due to designer’s failures. Moreover, CDW gets generated due to
contractor’s lack of interest, lack of knowledge in the designing stage, use of poor
quality products, and poor material handling (Kofoworola & Gheewala, 2009).
Furthermore, Magalhaes et al. (2017) explained that, construction planning, designing
decisions also lead to the generation of CDW.

Improper management of CDW leads to adverse environmental impacts and also to
the health issues of the human beings (Sapuay, 2016). Coelho and Brito (2012)
mentioned that, CDW creates damage to the ecological environment, consume land
resource, and leads to soil and water pollution. When CDW management takes place
in a proper manner, adverse environmental impacts, undesirable landfill site creation,
and health risk related to construction waste get reduced (Lingard, Graham, &
Smithers, 2000).

Tan and Khoo (2006) explained Waste Management (WM) as collection, sorting,
recovery, recycling of materials through biological treatments, thermal treatments, and
landfill. Moreover, attention is given to CDW recycling in order to gain an economic
value and also to divert waste from landfills (Kofoworola & Gheewala, 2009).
Similarly, Li et al. (2015) stated that construction waste generation can be reduced in
both designing and construction by dimension coordination, use of prefabrication
components, use of standard dimensions and units, detail designing, by avoiding
design modification and by avoiding the use of low waste technologies. According to
Wang , Li, and Tam, (2015), to reduce the adverse effect of construction waste on

human health and sustainable development, 3R principle is used to manage the



construction waste. Further, Osmani , Glass, and Price (2008) emphasized that
considering the impacts of CDW in the long run, there is a persuasive need to control
the waste. Moreover, Osmani (2012) said that involvement and commitment of the
stake holders to reduce waste generation at source and efficient waste managemnt
strategies can lead the industry to achieve zero waste taregt.

According to Curran and Williams (2012), zero waste (ZW) is defined as a whole
system approach that removes waste from the source and also from each and every
point in the supply chain. ZW concept motivates optimum recycling and resource
recovery, sustainable production and consumption, and restricts mass incineration and
landfilling (Zaman, 2015). Furthermore, Connett (2006) said that ZW concept binds
community and industry together. Recently in the construction industry, with the
understanding of the benefits of waste minimization in cost as well as through the
protection of the environment, focus is given for the CDW management (Osmani,
2012). With the implementation of ZW concept, natural resource optimum usage and
reduction in environmental issues can be achieved (Zaman, 2014). Moreover, Osmani
(2012) has said that for the construction industry, ZW achievement is a highly
challenging target. The author has further explained that, to achieve ZW target in the
construction industry, waste reduction at source and material and component reuse and
recycle can be carried out. When the construction industry focusses on waste
minimisation, construction material flow through a closed loop system to preserve

natural resources and to reduce waste landfilling (Akinade, et al., 2018).

To implement ZW concept, Eco design, Life Cycle Assessment (LCA), Industrial
Symbiosis(IS), Closed loop supply chain management, innovative technology, Product
stewardship(EPR/IPR), and Environmental Management System (EMS) are
considered as the key stratergies (Bhamra, 2004; Curran & Williams 2012). Further,
Peng, Scorpio, and Kibert (1997) stated that to achieve sustainable construction, waste
hierarchy can be followed in the construction industry. Eco design can be defined as,
starting from the origin of the product thinking about the whole life cycle and
environmental impact reduction throughout the product life (Vallet, et al., 2015).
Moreover, reverse and forward supply chains together form closed-loop supply chains

(Krikke et al., 2004). Furthermore, supply chain of the construction industry can be



discussed under four roles as, supply chain impacts on on-site activities, focus on the
supply chain and cost reduction in inventory, logistic and lead-time, focus on activity
transferring from site to former stages in the supply chain and finally in the
management integration, supply chain and site production enhancements (Vrijhoef &
Koskela, 2000). Furthermore, when the supply chain becomes a closed, in a circular
economy, maximum use of waste takes place and it conserves virgin materials
(Ghisellini,Cialani,&Ulgiati,2015). According to Chavan (2014), in the process of
recycling, Extended Producer Responsibility (EPR) is used as a strategy in which
manufacturer takes the responsibility of the product from the manufacturing up to final
disposal.

As per Adams et al.(2017), construction product manufacturing, operation and
designing of building, product and material recovery, awareness, economic and
policies and legislations are identified as enablers for CDW management. Similarly,
Zaman (2013) has also identified that for the WM in the construction industry, social,
economic and environmental enablers can be used. When it comes to barriers that are
faced in managing CDW are, inadequate knowledge about what is to be recycled, poor
waste segregation practices and inadequate space for waste segregation, lack of
technology usage for waste conversion to useful products, deficiencies in markets for
recycled products, high recycling cost, lack of government policies for recycling,
knowledge deficiencies on WM practices in the construction industry (Zou, Hardy, &
Yang, 2013).

1.2. Problem Statement

In any organisation, one of the key objectives is to optimize resource usage (Kulatunga
et al., 2006). As stated in the background study, inthe constrction sector, less attension
is paid to waste minimisation although it helps to optimise resource usage. Moreover,
to improve the construction industry performance through sustainability, economic
and quality, CDW management plays an important role (Kulatunga, et al., 2006).
Though the attention is paid for the CDW, in the construction industry WM is still at
an adolescence stage and it needs to be matured effectively (Wang et al., 2010).

Construction waste occupies large landfill areas which further diminishes scarce land



resource and as stated in the background study, in countries like Australia, and Hong
Kong 20-30% and 11% of CDW get ended up in landfills respectively (Craven et
al.,1994; Jaillon et al.,2009; Wanga et al., 2014). In addition to that, Wang et al. (2008)
said that, construction waste has resulted in environmental pollution and has created
negative impacts to the sustainable development of the industry. Moreover, Esin and
Cosgun (2007) have identified CDW as a serious environmental issue. Similarly,
Wang et al. (2010) have stated that many economies in the world is facing the
challenge of effective reduction of CDW. Further, Curran and William (2012) have
stated that, in order to overcome from the eco system threats at local, national and
global levels, waste needs to be eliminated. Thus, as depicted in the background,
management of CDW in the construction industry is a persuasive issue to be addressed.

In developing countries, as a result of large scale construction, project decision
maker’s focus is given to the traditional project objectives such as cost, quality,
duration, safety and it has resulted in the huge construction waste generation (Yuan,
2012). Not only that, when considering about the Asian region, laws and regulations,
regional and national policies are inadequate for the CDW management in the
construction industry (Nitivattananon & Borongan , 2007). In addition to that, in Sri
Lanka there are no any specific CDW regulations to manage CDW (Karunasena et al.,
2012). According to Jayawardane (1992), waste generated in the construction sites of
Sri Lanka is a considerable problem to be addressed. Similarly, Kulatunga et al. (2006)
have stated that, wastage of materials on Sri Lankan construction sites is beyond the
acceptable limit (as cited Jayawardena, 1994). In addition to that, Karunasena et al.
(2012) have stated that, in Sri Lanka, to manage CDW, landfilling has selected as the
first option although it is the least preferred option in WM. When considering Sri
Lanka, Construction Waste Management (COWAM) project was initiated to manage
the building waste of Tsunami disaster which took place in the year 2004 and currently
it helps to manage the CDW to a certain extent (Karunasena, Amaratunga , Haigh, &
Lill, 2009). Though COWAM project is available to manage CDW in Sri Lanka, due
to the lack of technology, funds, unfamiliarity and unawareness of recycled building

materials, projects related to recycling of CDW has not been initiated in Sri Lanka



(Karunasena, Amaratunga , Haigh, & Lill, 2009). Hence, to manage the CDW in Sri
Lanka, different CDW management strategies need to be followed.

As discussed in the background, in the traditional WM system, which comprises of a
linear flow, at the end life of the product is considered as waste (Zaman, 2014).
Moreover, Zaman and Lehman (2011) have stated that, critical innovations have been
taking place in the historical development of WM. As a result of the innovations and
to challenge the traditional WM system, ZW management was created and waste is
turned into a resource through ZW (Zaman, 2014). Furthermore, Curran and Williams
(2012) have said that, ZW concept is a concept in which different measures are focused
to eliminate waste. According to Curran and Williams (2012), with the waste
elimination through ZW concept, pollution issues affecting to the ecosystem can be
sorted, and the sustainability in the construction industry can be achieved through the
optimum usage in renewable sources and raw materials. Thus, it is certain that ZW is
a precise alternative for the CDW management. Although different researches are
available for the WM in the construction industry, no researches have been carried out
to check the applicability of the ZW concept to Sri Lankan construction industry.
Hence, there is a need to find the applicability of ZW concept to the Sri Lankan

construction sector.

1.3. Aim

The aim of this research is to investigate the applicability of ZW concept to the Sri

Lankan construction industry.

1.4. Objectives

1) Review the concepts of Construction and Demolition waste (CDW), Zero Waste
(ZW) and current Construction and Demolition waste (CDW) management in the
construction industry

2) Examine enablers and barriers to apply Zero Waste(ZW) concept in Sri Lankan
construction industry

3) Propose suitable suggestions to minimize the identified barriers.

4) Develop a framework to apply the Zero Waste (ZW) concept in Sri Lankan

construction industry



1.5. Research Methodology

To achieve the ultimate aim of the study, initially a critical literature review was carried
out. In the literature review, CDW waste, ZW concept, strategies, enablers, and
barriers were discussed. Subsequently, as the approach for the study, qualitative
approach was selected. As the research strategy for the study, case study method was
followed and for the study eight (08) cases were selected. Similarly, for the data
collection semi structured interviews were carried out with twenty-seven (27)
participants from eight (08) cases. In order to analyse the collected data, individual
case analysis and cross case analysis were carried out. Collected data were validated
from the five (05) experts those who are specialized in the fields of WM and in the

construction industry.

1.6. Scope and Limitation

The scope of this research is to identify the applicability of ZW concept and to develop
a framework for ZW considering the Sri Lankan construction industry. Thus, this

research is limited to the Sri Lankan construction industry.

1.7. Chapter Breakdown

Chapter 1 - Introduction
This chapter provides an overview of the research. This chapter includes the research
background, problem statement, aim, objectives, research methodology, scope and the

limitations and chapter breakdown.

Chapter 2 - Literature review
This chapter includes theoretical background on CDW in construction industry, C&D
strategies, enablers, barriers, ZW concept, ZW strategies, enablers, barriers and

application of ZW concept to Sri Lanka.

Chapter 3 - Research methodology
This chapter elaborates the research methodology with data collection and analysis

techniques.



Chapter 4 - Data collection, analysis and framework development
This lead includes data collection, analysis on the applicability of the ZW concept and

development of a framework to apply ZW in the construction industry.

Chapter 5 - Conclusions and recommendations
This chapter concludes the research with suggestions, recommendations, and further

research areas.

1.8 Summary

This chapter elaborated comprehensive findings on background to the study, problem
statement, aim and objectives of the study. Further, research methodology, scope and

limitation and chapter breakdown was also illustrated in this chapter.



CHAPTER TWO
2.0. LITERATURE REVIEW

2.1. Introduction

Chapter two represents the in detail explanation of the research background. At the
beginning of the chapter, discussion is carried based on CDW, definitions of CDW,
origins and causes of CDW, and composition of CDW. Then the study elaborates the
findings on CDW generation in construction industry based on developing and
developed countries. After that, study discusses on impacts of CDW, CDW
management strategies, enablers of CDW management, and barriers of CDW
management. Further, concept of ZW, development of ZW concept, ZW strategies,
ZW enablers and ZW barriers are discussed. Finally, discussion on the application of
Z\W concept to the Sri Lankan construction sector and development of conceptual

framework is carried out.

2.2. Construction and Demolition Waste

Construction industry being an economic driver, contributes to the gross national
product along with employment and business opportunities (Sapuay, 2016). Similarly,
Elgizawy et al. (2016) have stated that construction industry is considered as one of
the main natural resource consumer and also as one of the largest polluters. Moreover,
the authors have stated that, in most countries, CDW may count for a bigger portion
of SW generation. Hence, the construction industry is facing difficulties to reduce the
generated CDW during the construction activities (Banihashemi et al., 2018).
Although researchers have paid attention to the effective and efficient CDW
management since the 1980s, CDW management still needs improvements (Hao et al.,
2007).

Building life cycle comprises of the period starting from cradle to grave and building
life cycle process includes planning, designing, construction drawings, construction,
operation, maintenance and demolition (Lai, et al., 2016). As a result of construction,
toxic, heavy and bulky waste gets generated (Sapuay, 2016). When it comes
quantification of CDW, it is measured by the volume (Nitivattananon & Borongan,
2007). According to Marchettini et al. (2007), the final destination of the waste which



cannot be segregated or recovered is considered as landfilling. In addition to that,
Agamuthu (2008) has said that, nearly 10-30% of CDW gets ended up in landfills.
Moreover, Kofoworola and Gheewala (2009) have stated that, the landfill is the least

favoured method for CDW disposal.

2.3. Definitions of CDW

In a construction project, design and construction stages are significant as they are

inter-related, and systematic WM in one stage makes a direct impact over the next

stage (Ding et al.,2018). According to Sapuay (2016), construction waste is heavy,

bulky, and occasionally, toxic. Furthermore, Elgizawy et al. (2016) stated that, most

of the countries in the world face real threat due to the large amount of CDW

generation. Table 2.1 shows different CDW definitions given by different authors.

Table 2.1: CDW definition

Source of Reference

Definition

Hsiao et al. (2002)

All wastes generated in construction works

Wang et al. {2014)

CDW means the waste of valuable natural resources.

Y uan and Shen (20117

Solid waste generated mn the construction sector iz defined as the
CDW.

Shen et al. (2004

Construction wastes are mixtures of inert and organic materials
arising from gll construction related activities includng land
excavation or formation, civil and building constroction, site
clearance, demolition activities, roadwork and building removation
along all stages in implementing a construction project.

Christenzen and | Waste generated during the bwilding, repair, remodeling or removal

Andersen (2011) of constructions

Ghosh  and  Ghosh | Waste ansing from the construction, repair, maimtenance and

{2016) demelition of buildings, structures and roadways

Eofoworola and | The waste produced during new construction, removation, and

Gheewala (2008) demelition of buildings and structures

Fatta et al. (2003} The waste generated from various activities such a3 clearing of sites,
and the building of new structures or infrastructure

Hsiao et al. (2002) Construction waste 1z defined as legzl and illegzl construction
activities encompassing new construction, addition, renovation,
rebuilding, and repair as well az the zssociated demolition.
Demolition waste 15 defined as legal reported demolition, demolition
of structures under govemment requisition, demeolition of structures
destroyved by natural force, demolition of illegal stuctures, and
illegal demolition.

Statistics Canada (2003) | Waste materizls from the construction and demolition of roads,

bridges and buildings
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2.4. Origins and Causes of CDW

Number of reasons leads to the origins of CDW generation and section 2.4.1. discussed

them as follows.

2.4.1. Origins of CDW

CDW generation takes place due to sudden changes in building design, raw material
remains, design errors, poor material handling, improper procurement and planning
(Yeheyis, Hewage, Alam, Eskicioglu, & Sadig, 2013). Furthermore, generation of
CDW can be explained as a result of inadequate data to select the most appropriate
construction method, inexperience of the designer, and due to lack of knowledge in
construction activity sequence (Ekanayake & Ofori, 2004). Review of waste origins

is shown in Table 2.2.

Table 2.2: Review of CDW origins

Origins of waste = = o = - - =~ =
@ g 5 |g |, |B|8]F
= = 5 | S22 8
e o 91 [=2 b= g =+ o ﬁ [f=)
8| 58|84 22 K8 285|828
b ~| P — i
Contractual issues + a.,'
Design issues A A + N N T 4 |
Procurement issues A A -w.' N
Transportation issues | « 4 v
On-site  management | « + v v |4
and planning issues
Material storage issues | «
Diaterial handling | + 4 )
1551e5
Site operation issues | 4 4 *-.' N
Eesidual issues 4 + J J
Other issues 4 4 J
(Weather, Vandalism)
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2.4.2. Causes of CDW

As per Osmani (2012), CDW generates as a result of lack in communication,
inadequate information on the design, and long project period of time. Further, Jaillon
et al. (2009) stated that design and requirement changes of clients generate vast
amounts of waste. According to Kofoworola and Gheewala (2009), CDW generates
due to contractor’s lack of interest, lack of knowledge in the designing stage, use of
poor-quality products, and poor material handling. Furthermore, the authors have
identified causes for concrete waste creation as, dimension deviation in structural
elements and ordering of surplus of concrete to carry out the work. Moreover, the
authors explained that material delivery issues and poor handling of materials cause
brick and block waste and tile waste.

Changes in design during the construction, contract documentation errors, and
incomplete documents to start construction, issues related to quality control and quality
assurance procedure specifications, and designer unfamiliarity of products are
identified as the causes of CDW generation (Bossink & Brouwers, 1996). Further, the
authors have identified that lack of knowledge of constructability and construction are
the root causes for CDW generation in the design stage. Insufficient environmental
awareness and structural selection, lack of management skills, lack of training to
manage waste, and the use of outdated technology for construction are the reasons for
the generation of CDW (Wang et al., 2008). These authors highlighted landfilling is
the method used by the contractors to dump CDW. Furthermore, Magalhaes et al.
(2017) explained that construction planning and designing decisions also lead to the

CDW generation.

2.5. Composition of CDW

The CDW composition differs according to the construction technique, building type,
and country (Elgizawy et al., 2016). CDW comprises of glass, bricks, asphalt, gypsum,
wood, tiles, plastic, tarred products, metals soil and dredged soil, concrete, insulation
materials, ceramics, electrical wiring, mixed C&D, and hazardous components (Ghosh
& Ghosh, 2016). According to Hsiao et al. (2002), CDW includes waste from concrete,

pottery and porcelain sand, timber, tile, concrete, glass, asphalt remaining mud,
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bamboo, paper, dirt brick, plastic, metal stone, and construction works. Similarly,
Agamuthu (2008) has identified masonry, raw or semi-processed wood, drywall and
engineered wood as examples of CDW. Moreover, Yeheyis et al.(2013) have
explained that CDW consists of masonry, asphalt, metals, paper concrete, shingles,
plastics, wood products, drywall, and cardboard. As per Wang et al. (2008),
construction activities generate waste types such as sludge, soil, timber and steel, from
which, 95% can be recycled while remaining 5% is unrecyclable.

In the view point of Shen et al. (2004), CDW can be identified in the form of steel,
concrete, timber rubble, mixed site clearance materials, earth, and building debris.
Moreover, Fatta et al. (2003) have explained that based on the origin, CDW can be
classified as worksite waste materials, road planning and maintenance materials,
excavation materials and demolition materials. According to the authors, in
geotechnical engineering works and underground constructions waste such as gravel,
soil, rocks, sand, clay as excavation materials and in the road planning and
maintenance materials waste such as asphalt, all pavement materials such as sand,
gravel, metal get generated. Further, Shen et al. (2004) have stated that in the
demolition material waste comprise of gypsum, gravel, glues, paper, dressed stone,
bricks, metal, pigments, sand, pieces of concrete, enamels, porcelain and in the
worksite waste material, overlay plates, wood, plastic, lime-cast, glass, wires, covers,
and soil can be identified. Hao et al. (2007) have explained that CDW is divided into
materials, machinery, energy, and labour. Moreover, as per Lai et al. (2016), CDW
that gets generated during the life cycle of the building can be elaborated as in Figure
2.1.
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Figure.2.1. : CDW in life cycle of a building

Source  : Laietal. (2016)

Elgizawy et al. (2016) have identified that CDW comprise of glass, metal ferrous
(Steel), wood, metal Nonferrous (Copper, Aluminum), plastic (PVC pipes, plastic
films for packaging, wall coverings), ceramic tiles, drywall or gypsum board,
insulation material (mineral wool insulation, Styrofoam), masonry (bricks and mortar),
filling material (gravel, sand and soil), paper and cardboard, concrete, marble and
granite. Similarly, Ghosh and Ghosh (2016) have identified CDW as brick, concrete,
hard core subsoil, topsoil, timber, metal, plastics. According to Kofoworola and
Gheewala (2009), a sizable proportion of the generated CDW consist of paper and
plastic waste from the usage of packaging materials, formwork, and wood waste from
scaffoldings. Further, Wang et al. (2008) disclose that concrete waste generation is
higher in CDW, i.e., approximately 80%- 90%, due to the concrete demolition,
plastering flow, excess ordering, and template leakage. The authors have also
explained that block wastage happens due to the damages and cutover, whereas timber
and brittle material wastage generates due to cutover and transportation issues.
According to Jaillon et al. (2009), CDW is a mixture of inert and non-inert materials,
and out of the CDW, 70% of the construction waste is from the inert materials that can

be reused for reclamation and earth-filling works. The authors have also stated that,
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from the CDW, non-inert waste account for 15% - 18% and they are either recycled or
disposed to landfills. Out of the generated CDW, a certain percentage of waste is
reduced and recycled while the remaining CDW is incinerated or sent into landfills, as
illustrated in Table 2.3

Table 2.3: CDW generation and management in various countries

Waste ) Waste Management Source of Reference
generation =
C&D Yo Yolncinerat | & _ | w

Country waste Reduced’ |ed! land| o2 % g g =
(MT) | recycled | filled 2% | £8Eg ERE:

Sw | eS| ua

Germany 50 17 83 N

UK 30 45 55 Y

France 24 13 83 Y

Italy 20 0 21 Y

Spain 13 <5 =05 Y

Netherlands 11 a0 10 4

Belgium 7 87 13 y

Austria 5 41 50 N

Portugal 3 <3 ) Y

Denmark 3 81 19 4

Greece 2 <5 =05 y

Sweden 2 21 79 y

Finland 1 45 55 Y

Treland 1 <5 =05 y

Luxemburg 0 n'a f/a y

Europe-13 180 28 72 y

U5 in 1994 136 30 70 Y

Hong Kong in 13.55 79 21 Y

1000

Hong Kong in 21.45 8o 11 Y

2005

Singapore in 1999 | 0.41 70 30 y

Sinoapore in 2005 | 0.49 04 i y

Further, in Canada, out of the Solid Waste (SW) one third (1/3) is CDW and nearly
9Muillion Tons (MT) of CDW gets generated (Yeheyis et al., 2013). Furthermore,
authors have said that, out of the total municipal SW, 27% which is landfilled are from
CDW. Further, Yeheyis et al. (2013) have also stated that, Canadian CDW rate of
recycling is at a lower stage and CDW management plan needs to be implemented.

When considering about the recycled or reused CDW in Canada, it is comparatively

15



lower than other developed countries (Ghosh & Ghosh, 2016). According to the
findings, they have stated that, in Canada, concrete is the largest CDW that is generated
in the construction industry and it is nearly 52%. Figure 2.2 shows the CDW
composition in Canada in two pie charts and in pie chart (a), it shows the composition
of construction waste and in pie chart (b), it shows the composition of demolition

waste.

(a) Glass Textiles
3.5%_0.8%

Paperboard
53%

0.4%

(@) Composition of construction waste (b) Composition of demolition waste

Figure 2.2. : Composition of CDW in Canada

Source : Ghosh and Ghosh (2016)

2.6. CDW Management in the Construction Industry

Starting from the raw material extraction up to the demolition and waste disposal,
massive quantities of waste gets generated from the construction industry, and the
massive consumption of raw materials in the construction industry has resulted in
unsustainability in the industry (Elgizawy et al., 2016). Further, Osmani et al. (2008)
stated, starting from pre-construction up to the completion of the construction, CDW
gets generated. Furthermore, changes in the WM system has taken place due to the
new waste handling methods and due to new waste approaches (Hottle et al., 2015).
As per the CDW definitions in different countries, CDW generation is vary from
country to country (Kofoworola & Gheewala, 2008). Furthermore, in developing
countries high attention is paid to CDW management (Yuan & Shen, 2011). Moreover,

in Asian countries, CDW management is difficult as they are heavy, bulky and most
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of all they are unsuitable for disposal through composting or incineration

(Nitivattananon & Borongan, 2007).

2.6.1. CDW management in developing countries

In Asia for the CDW management, regional and national policies, laws and regulations
available are inadequate (Nitivattananon & Borongan, 2007). When considering about
Indonesia, it is identified that for the waste minimization, stakeholders such as clients,
suppliers, construction managers, foreman and laborers involvement are necessary
(Nitivattananon & Borongan, 2007). Similarly, Begum et al. (2010) stated, in Malaysia
CDW gets generated from projects like housing, infrastructure and commercial
building. Further authors have stated that there is a persuasive necessity to reduce
CDW in the Malaysian construction industry. Moreover, Nitivattananon and Borongan
(2007) have stated that in countries like China, India, Sri Lanka, Thailand and
Vietnam, there are no any specific CDW regulations to manage waste. On the other
hand, although there is a lack of regulations to manage CDW, Ghosh and Ghosh (2016)
have stated that, in India, cities such as Chennai, Mumbai, Kolkata and Bangalore have

initiated CDW management through the introduction of CDW handling rules.

In Brazil, although information related to CDW in the whole country is unavailable,
in specific cities like Salvador, Rio de Janeiro and Sao Paulo an average of 0.49 kg
per inhabitant/day get generated (Nunes , Mahler , Valle, & Neves, 2006). Further, the
authors have stated that out of the generated CDW in Brazil, the large part is not
recycled due to lack of recycling centers. According to Kofoworola and Gheewala
(2008), in Thailand, CDW is considered as a part of Municipal SW and as a result of
the rapid urbanization huge amount of CDW gets generated. Subsequently, as per
Ghosh and Ghosh (2016), in China nearly 600MT of CDW get generated annually and
it is considered as 30 to 40 percent of the total urban waste. Authors have further stated
that, 500 to 600 tons of waste get generated through the construction of 10,000 m?
building and the demolition waste of 7,000 to 12,000 tons get generated through the
demolition of a 10,000 m? old building.
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2.6.2. CDW management in developed countries

Since 1994, Austria and Denmark report an average recycling of 76% and 90% in
CDW respectively (Agamuthu, 2008). Further, Christensen and Andersen (2011) have
stated that in Denmark, building waste comprise of Concrete, mortar and tiles which
are nearly 62-93% and during the renovation nearly 26% of waste get generated from
wood and other combustibles. In Germany, CDW management practices are being
followed and starting from 2002, with proper legislative instruments and treatment
methods, disposal of CDW into landfills were banned (Agamuthu, 2008). Moreover,
Ghosh and Ghosh (2016) have stated that, in 2002 and 2003 CDW generated in
Germany are 63.2% and 61.0% respectively. When considering about Italy, in 2001
out of the generated wasted 67.1% was disposed in landfills,8.7% was incinerated and
remaining were recycled (Marchettini, Ridolf, & Rustici, 2007).

In Taiwan, CDW generation accounts for 1.2-1.9 million tons per year and 64% to
80% of waste are reused (Lai, Yeh, Chen, Sung, & Lee, 2016). Further, Agamuthu
(2008) has stated that CDW accounts for 33-65% in landfills of USA, Canada, UK and
Hong Kong although they follow 3R initiatives within their countries. Similarly,
Ghosh and Ghosh (2016) stated that in the UK, more than 50% of the CDW are
landfilled. In addition to that, in UK, 51.2% (27.4 MT) of CDW is directly disposed to
landfills and 39.6%( 21.2 MT) are used for land modelling (Lawson , et al., 2001).
Further, the authors have mentioned that, 9.2% (5 MT) of CDW is used to produce
graded products.

In the USA, CDW ranges from 20 to 30 kg/m?and on a per capita basis, it is nearly
500 kg/person/year (Peng , Scorpio, & Kibert , 1997). Moreover, the authors have
stated that, in the USA nearly 31.5 million of construction waste is produced and
demolition waste is nearly equal to the double amount of the generated construction
waste. Apart from that, Ghosh and Ghosh (2016) have stated that, in the USA, 170
million tons of waste per year get generated and 48% of that is recovered. In the USA,
it is a challenging issue to recycle the CDW as the secondary market for recycled

materials are still in an adolescent stage (Peng , Scorpio, & Kibert , 1997).
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When considering about the construction industry in Greece, it has been developed
and with the CDW generation, materials such as glass, wires, door frames and window
frames are being reused and some quantities of waste get ended up in landfills (Fatta,
et al., 2003). Table 2.4 shows the CDW generation in Greece from 1996 to 2000.

Table 2.4.: Total quantities of CDW

Year Duantities of C&D
waste (tonnes)

1996 1.636. 298

1997 2008, 625

1998 2,130,939

1999 1. 899 075

2000 2092 387

Source: Fatta et al. (2003)

As a result of the construction activities in Hong Kong, it was found that in 2011 out
of the 13,458 tonnes of Municipal Solid Waste (MSW), CDW accounts for quarter of
the MSW (Ghosh & Ghosh, 2016). Authors have further stated that in order to handle
the CDW issue in Hong Kong, Construction WM policies are introduced. Moreover,
the authors have also said that, nearly 7890 tonnes of CDW were landfilled in 1999
and after the introduction of two off-site waste sorting facilities from the off-site
Construction Waste Sorting (CWS) program, nearly 5.11 tonnes of CDW are handled
in the two off-site CWS facilities during 2006 to 2012. In addition to that,
Nitivattananon and Borongan (2007) have stated that, as a result of infrastructure
projects in Hong Kong, over the past decades, there is a significant increase in CDW
generation. Further, Ghosh and Ghosh (2016) have stated that, in Victoria,
Queensland, South Australia, Western Australia, Tasmania and Australian Capital
Territory, CDW management practices have been followed. Apart from that, in
Australia, nearly 5 MT of CDW are generated within a year (Nitivattananon &
Borongan , 2007). In the European Union (EU), CDW accounts for 855 million tons
per year which is 33.3% of the total EU waste and out of the generated CDW, nearly
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75% of the waste get landfilled (Ghosh & Ghosh, 2016). Table 2.5 shows CDW

generation in developed countries.

Table 2.5 : CDW generation and recycling in developed countries

Country Construction and | Concrete being recycled
Demolition waste (million | (%)
tonnes,/year)

Canada 11 36

Us 136 50-57

UK 30 45

France 24 15

EU-15 180 28

Australia 5 41

Sweden 2 21

Spain 13 <5

Belgmm 7 87

Germany 59 17

Italy 20 9

Netherlands 11 90

Portugal 3 >3

Denmark 8 81

Greece 2 <3

Finland 1 41

Ireland 1 <5

Source: Ahimoghadam (2018) (as cited in Venta, 2001)

2.7. Impacts of CDW

Effective CDW management is a challenging issue for many countries, as they make
an adverse impact on the environment (Wang et al., 2010). Sapuay (2016) states that
the improper management of CDW leads to adverse environmental impacts and health
issues of humans. The author further indicates that although the development takes
place in the society, waste issues can lead to an environmental catastrophe. Similarly,
Wang et al. (2010) specified, in the current global context, CDW creates humerous
environmental issues, and as per Coelho and Brito (2012), CDW damage the
ecological environment, consume the land resource, and leads to soil and water
pollution. Correct management of CDW reduce the adverse environmental impacts,

undesirable landfill site creation, and health risks related to construction waste
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(Lingard et al., 2000). Magalhaes et al. (2017) have pointed out that designing
strategies should focus on the environmental impacts of the construction stages. For
sustainable construction activities, policies and regulations are introduced by
governments to reduce the negative impacts of CDW (Oluwole & Olaniran, 2013).

In Asian countries for the disposal of CDW, landfills are not adequate (Nitivattananon
& Borongan , 2007). The authors have also identified that CDW as a main contributor
to the environmental pollution. In addition to that, Elgizawy et al. (2016) have stated
that landfilling of CDW resulted in the depletion of natural resources. Moreover,
Kofoworola and Gheewala (2008) have stated that, unregulated CDW dumping and
scarcity of landfills have become a serious issue. Furthermore, if CDW is not managed
in a proper manner it will make impacts on the human life style as well as in
environment (Fatta, et al., 2003). Similarly, Wahi et al. (2016) have stated that if CDW
is not managed properly, it will cause destructive effects on environment. Further, due
to the biodegradation of CDW materials in landfills, environmental and health
problems take place (Elgizawy, EI-Haggar, & Nassar, 2016). In order to protect the
natural environment and public health, CDW management is much needed and it will
help to overcome from issues like landfill shortage, increment in CDW volume,
adverse social, ecological and economic impacts due to CDW disposal (Yeheyis,
Hewage, Alam, Eskicioglu, & Sadig, 2013). Furthermore, the authors have elaborated
that, in the ecological perspective, due to CDW impacts like soil, water, and air
pollution, adverse impacts on flora and fauns, changes in climate take place while in
economic perspective, primary resource loss, effects on tourism and international
reputation issues take place. Moreover, authors have explained, in the perspective of
social and health life, issues such as health risks, impacts on safety while working, and
use of public space gets generated. Thus, CDW management is a persuasive issue to

be addressed.

2.8. CDW Management Strategies

CDW management system include waste prevention and reduction through reuse,
recycle, energy conversion and proper disposal (Marchettini, Ridolf, & Rustici, 2007).
For the CDW diversion from the landfills, most of the countries follow waste

reduction, recovery, reuse and recycling methods (Kofoworola & Gheewala, 2008). In
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countries like, Sri Lanka, Japan, Hong Kong, Malaysia and Singapore, for the
management of CDW, 3R concept is being practiced (Nitivattananon & Borongan ,
2007). In addition to that, the authors have also stated that, in some countries
awareness on the CDW management is being practiced. Further, CDW management
strategies need to be developed by the waste managers from the planning phase to
establish waste diversion goals (Yeheyis, Hewage, Alam, Eskicioglu, & Sadig, 2013).
According to Yuan et al. (2011), the 3R concept is comprised of WM strategies to
manage CDW . Tam and Tam (2006) have proposed strategies such as waste reduction
at source, reusing and recycling of waste, and landfilling for CDW management.
Moreover, Baldwin et al. (2009) indicate that Waste Minimisation Design is a crucial
strategy for effective CDW management, while Bossink and Brouwers(1996) propose
to manage CDW through strategies such as waste prevention at the site and to consider
environmental impacts from the designing stage. Client awareness, adhering to
building regulations, and checking client demand can be other useful schemes in the
construction industry (Pitt, Tucker, & Riley, 2009).

Further, if CDW creation is out of control, strategies like recyclig of discarded metals
and metal dumpsters, using the remaining unused construction materials for other
projects, resending the products to corporate inventory for future use, and reselling of
unused remaining materials for third party can be used (Yates, 2013). Further, author
has highlighted, training and supervisons of employees, material handing,
procurement strategies, material control, employee and subcontractor management,
proper documentation and communication can also be applied to manage CDW.
Furthermore, Acosta, et al. (2012) have stated that capacity development, bridging
policy gaps and harmonizing policies, creating economic opportunities, social
marketing and advocacy, sustainable financing, knowledge management on
technologies and innovation, good governance, organizational development and
enhancing inter-agency cooperation, caring for vulnerable groups, compliance
monitoring, enforcement and recognition, and reducing disaster and climate change
risks can also be used to manage CDW .When the construction industry focuses on
waste minimisation, construction material flows through a closed loop system to

preserve natural resources and to reduce waste landfilling (Akinade et al., 2018).As
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stated by Kofoworola and Gheewala (2009), reduce, reuse, and recovery of
construction waste helps to realise employment opportunities and cost
savings.Moreover, Ajayi et al. (2017) stated that through prevention and minimisation,
waste can be managed effectively.

WM strategies in a construction site can be categorised into two as planning and
controlling (Ekanayake & Ofori, 2004). As per the authors, to minimise the CDW, best
practice is use of planning strategies comprising of design, material procurement, site
layout and construction scheduling. Similarly, to manage waste, authors have stated
controlling strategies like, monitoring of waste collection and storage, security,
training, machine maintenance, material handling and delivery. Moreover, for the
management of CDW, as per Ghosh and Ghosh (2016), strategies such as, use of
polluter pays system, CDW collection method specialization, use of new recycling
technologies, implementation of integrated disposal method, and environmental
awareness can be followed. Ekanayake and Ofori (2004) have also said that, to reduce
waste on site, proper material management is a must. In addition to that, Agamuthu
(2008) has said that, in countries like Germany, Australia, Finland and Denmark
policies are available to encourage 3R concept. As per Akinade et al. (2016), Building
Information Modelling (BIM) tools can be applied along with platforms such as Revit,
Micro station, Archi CAD, and Teklato manage CDW. Further, Ajayi et al.(2017) have
stated that CDW can be managed through the use of minimisation and prevention
strategies. Moreover, in past few years strategies relavent to waste treatment have
shifted from landfilling to incineration (Chen & Lo, 2016). By the same token, Huang
et al. (2018) have said that, for the management of CDW , strategies such as, reinforce
the source control, economic incentives, use of innovative technologies, management
and supervision enhancement and design effective circular model can be used.
Strategies of 3R concept, waste heirachy and ZW concept are discussed in the

following sub sections.

2.8.1. 3R Concept
Basic principles to conduct CDW management is identified as the three strategies of
reduce, reuse and recycle which is also known as the 3Rs (Yuan & Shen, 2011). In

order to reduce waste material landfilling, the 3Rs are being followed by different

23



sectors (Yeheyis, Hewage, Alam, Eskicioglu, & Sadiqg, 2013). Although the 3R is
considered as a basic principle to manage CDW, some industry practitioners still do
not use the 3R concept on the sites (Wahi, Joseph, Tawie, & lkau, 2016). According
to Addis (2006), clients, designers, laborers, contractors and suppliers, the key parties
in the construction industry, need to address the 3R concept and client can influence
other key players to use 3R. As per the author, clients can influence the designers to
implement 3R by, use of appropriate designs to site waste minimisation, use of less
resources in construction, influence on material handling to reduce wastage. When it
comes to Asian countries, to manage CDW with the 3R concept, participation of
stakeholders, strategies related to waste minimisation, following environmental
measures related to 3R, formulation of policies are needed (Nitivattananon &
Borongan , 2007). Reusing and recycling potentials of CDW materials are shown in
Table 2.6

Table 2.6.: CDW materials and its recycling/reuse potential

C&D Recycle/rense potential Biodegradable | Potential Potential
waste potential for for
landfilling | incineration

Concrete Becycled aggregate for | Ne Tes No
road base, and for concrete

Steel Eecyclable to steel No Mo Mo

Brick and | Backfill, recycled | MNo Tes MNo

block aggregate

Insulatiomn Inzulate attic or as sound | MNeo Mo Tes
proofing on mterior walls

Glass Finer glass as pozzolans in | MNe Fes Mo
cement

Ceramic Paossibly recvclable as | Mo Yes Mo

filling materizal as a coarse
agzregzate for concrete

Alummum | Recyelable to aluminmm No MNo No
Plastic Eecyclable to any form Some can be | No Tes
biodegradakle

Paint Eeusable zs paint/concrete | Some can be | No Tes
admixturs biodegradakle

Wood Eecyclable to wvenser | Tes Tes Tes
board ' paper pulp

Gypsum Eecyclable to new board. | Yes Mo Mo

boards crushed wall as clay and
silt mixture and cam be
composed

Cardboards | Composting, fire kindling, | Yes Tes Tes
paper production

Asbestos Mo No If properly | MNo

sealed

Source: Yeheyis et al. (2013)
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e Reduce
Optimum use of resources or the reduction at source is defined as reduce (Yeheyis,
Hewage, Alam, Eskicioglu, & Sadiq, 2013). The authors further stated that, before
waste to become a physical problem, different methods are being followed to reduce
the waste generation. Moreover, the authors have shown examples to reduce CDW as,
reduction of packaging amounts that comes to the site, use of efficient framing
techniques, and change of design principles.

e Reuse
For the reuse of CDW materials, there is a high potential (Peng , Scorpio, & Kibert ,
1997). Yeheyis et al. (2013) have defined reuse as the use of a part of the waste stream
of product repeatedly for the same purpose. As per the authors, with the effective reuse
of materials present structures of the materials can be conserved and CDW can be
reused in the forms of reuse of remaining materials for an ongoing or future project
and reuse of materials from demolition projects for an ongoing project. In addition to

that, reduce strategy helps to conserve natural environment and resources, reduction

of landfills, energy saving and reduction of pollution (Yeheyis et al.,2013).

Reuse can be done by the means of use of materials for the same function like use of
timber formwork in construction and reuse of marital in the form of new life like, use
of cut corner steel bar for shelves (Duran, et al., 2005; Ling & Leo, 2000). Furthermore,
Kofoworola and Gheewala (2008) have stated that, materials like wood is reused many
times within the project and scrap metals like off-cuts of metal sheets and bars and

salvageable materials are resold.

e Recycle
Use of material which is initially planned to be thrown away by separating, collecting,
processing and marketing is identified as recycling (Yeheyis, Hewage, Alam,
Eskicioglu, & Sadiq, 2013). Recycling of CDW helps environmentally by diverting
waste from landfills and convert it into new products (Peng , Scorpio, & Kibert , 1997).
In addition to that, as per Ghosh and Ghosh (2016), in countries like USA, Canada,
Europe, Australia, India, Japan, Hong Kong, and Taiwan number of recycling projects

related to CDW have been carried out and processing capacity of CDW plants are in
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the range of 100 to 1500 per day. Before recycling of CDW, the waste generator should

perform waste sorting (Wabhi et al., 2016). Furthermore, Elgizawy et al. (2016) reports,

once the building is demolished, waste get ended up in landfills, and this creates the

need to consider alternative methods for waste recycling. The authors further explained

that a recycling process and profitability aspects should be available to make a

sustainable environment, where recycling products of CDW are provided with a good

market. Table 2.7 presents the CDW materials, their recycling technology and the

products that can be produced after recycling.

Table 2.7: Technology used for recycling components of CDW

CDW materials | Recycling technology Recycled product
Brick Bum to ash + Slime burnt ash
Crush into aggregate » Filling material Hardcore
Concrete Crush into aggregate # PRecycled aggregate
o Cement replacement (replace
cement by fine postion of
demolished concrete)
+ Protection of leves
¢ Baclfilling and Filler
# PRecycled asphalt
» Agphalt agpregate
Cold recycling
Asphalt Heat generation
Parallel drum process
Elongated drum
Microwave asphalt recycling |# Thermal insulating concrete
system o Traditional clay brick
Finfalt o Sodim silicate brick
Surface regeneration
Crush into aggregate
Masonsy Heatto gﬂufmgash
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CDW materials Recycling technelogy Recycled product
Tumber Feuse directly Whole timber
Cut mto ageregats Fumiture and kitchen utsnzils
Blast fomace deoxidization Lightweizht racycled agzragate
Gasification or pyrolysis Source of energy
Chipping Chemical production
Molding by presamrizing Wiood-based pamsl
timbher chip mder steam and Plastic lumber
WRIEr Geo fiber
Inzulation board
Femous metal| L p ey Recycled steed scrap
Fewse directly
HNon Femou: A ek Recycled metal
metal
- Feuse directhy Recycled window it
) (Grind to powder C3lazs Shar
Polishing Filling material
Cnxzh imto 2ggTesate Tila
Eum to ash Paving block
Azphalt
Fecycled azgregate
Cement replacement
MJan-made =oil
Flastic Comvest to  powder by Parzl
cryogenic milling Fecpcled plastic & Plastic
Clipping Crazh imto agsregate Tumber
Eum to ash Fecycled azgregate
Azphalt
Man-made zail
Faper and Prification + Recycled paper
cardboard
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2.8.2. Waste Hierarchy

By following waste hierarchy in the construction, it helps to achieve sustainable
construction by reducing resource consumption and environmental issues (Peng,
Scorpio , & Kibert, 1997). As Bhamra (2004) stated, WM hierarchy led to Eco design
strategies. Moreover, Wahi et al. (2016) explained that, in some construction sites, still
3R concept is not being implemented as the construction practitioners are unaware of
it. Figure 2.3. depicts the waste hierarchy used for CDW management.

REDUTION IN ENERGY AND MATERIAL USE
Less material in products
Less waste i manufacture
Lower energy consumption in production and vsed
Longer lasting products

REUSE OF PRODUCTS
Extending product life through secondary transactions
Feusing compenents once original product is discarded
Repair and reconditioning of manufacturing underperforming or broken products (perhaps
upgrading)
4
MATERIALS RECYCLING
Converting scrap products into usable secondary materials
4
ENERGY RECOVERY
Producing energy by burning waste or using landfill gas
4
LANDFILL
Landfill without energy recovery

Figure 2.3.: Waste hierarchy
Source : Bhamra (2004)

2.8.3. Zero Waste(ZW) Concept

With the current WM issues like poor conservation of resources, uncontrol pollution
and recovery in the WM approach has resulted in the innovation of “ZW” approach

(Zaman, 2014). As stated by Zaman (2015), in order to solve the issues relavent to
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waste management, ZW is considered as the ideal concept. Similarly, with the ZW
concept CDW issue can be solved in an effective way through reusing and redesigning
of the life cycyle of the resource (Song et al., 2015). Moreover, Curran and Williams
(2012) stated that, through the implementation of the ZW concept, traditional thoughts
of WM are being challenged. In addition to that, Zaman (2014) has stated that through
ZW concept, all waste is recovered or changed by using a natural process or waste get

recycled without causing any harm to the natural environment.

According to Zaman (2015), none of the articles published from 1995 to 2014 has
focused on the CDW documentation for ZW. Further, Osmani (2012) reports that ZW
achievement is a highly challenging target for the construction industry. The author
has further elaborated, to achieve ZW target in the construction industry, waste
reduction at source and material, and component reuse and recycle can be performed.
With the implementation of ZW concept reduction in environmental problems and
optimal use in natural resources can be achieved. (Zaman, 2014). With the elimination
of waste through zero-waste concept, pollution issues affecting the ecosystem can be
sorted, and the optimum use of raw materials and the use of renewable sources will
bring the construction sustainability (Curran & Williams,2012). Thus, ZW can be

identified as the key strategy to eliminate CDW from the construction industry.

2.9. Enablers of CDW Management

For the CDW management, enablers such as, environmental dimensions, economic
dimensions, and social dimensions are needed (Yeheyis, Hewage, Alam, Eskicioglu,
& Sadiq, 2013). As per the authors, under environmental dimensions, for the
management of CDW, indicators such as CDW quantities, composed CDW, recycled
CDW, landfilled CDW and avoided CDW are considered. When considering about the
economic dimension indicators, CDW disposal cost, cost of maintenance and
operation of recycling facilities, and fuel consumption cost for transport are included
(Yeheyis, et al., 2013). Similarly, the authors have also stated that, for social dimension
indicators, acceptance of CDW management plans and actions by the public,
involvement of the public in planning and implementation, safety working

environment and human health impacts are considered. In addition to that, Shen and
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Tam (2002) have said that to manage CDW enablers like, CDW reduction and
recycling, in-house environmental management training, development in WM plans
and implementation of legal measures to protect the environment can be considered.
As stated by Adams et al.(2017), as the construction industry WM enablers,
understanding and awareness, product and material recovery, operation and desiging

of buildings, policy and legislations, and economics were identided.

Zaman (2013) explained that social, economic, and environmental enablers could
facilitate WM in the construction industry. Further to authors, behaviors of human, use
of materials and waste generation, current WM practices by the locals are identified as
critical social enablers, while tax related to landfilling, benefits of treatment facilities,
and waste value economic enablers. Authors further elaborated that, main enablers
such as global climate change, the environmental movement, and awareness can also
assist to manage CDW. Moreover, enablers can be divided into four sectors as
institutional, technological, internal action and market influence where institutional
enabler creates an environment which both stimulates and enforces change (Abidin et
al., 2013). Similarly, authors have stated that, technological enabler provides the
means and opportunity to make the changes while changes are required through market
influence enabler. Further, the authors have stated that resources and capability to
change are considered as institutional enablers. In the same manner, several
researchers have focused on analyzing the influencing factors for WM and factors such
as technical, political, legal, socio cultural, environmental and economic have

identified as the influencing factors (Gahana et al., 2018).

2.10. Barriers of CDW Management

In managing CDW, as per Yuan and Shen (2011), the main reason for the limited
effectiveness of CDW management is due to the involvement of two major
stakeholders which consist of public, non government organisations (NGO),
authorities and other stakeholder category comprise of clients of the project,
subcontractors and contractors. Therefore, authors have explained that in managing

CDW, the stakeholder group that consist of general public, authorities and NGOs
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concern more to limit the waste landfilling through waste minimisation while the other
stakeholder group consist of clients, contractor, subcontractors to look into benefits
and profits that they can gain through CDW management and they do not pay their
attention towards the environmental impacts of CDW. According to Agamuthu (2008),
the main barrier to manage CDW is lack of legislature to manage CDW. Hence,
authors have elaborated that, when the quality control of the building materials is poor
due to the lack of proper legislation, after the demolition, waste that gets generated are
non-recyclable and create harmful impacts to the environment. Thus, the authors have
emphasized that, lack of regulations also lead to landfilling of CDW.

CDW barriers that are identified by the Shen et al. (2004) are, availability of lots of
waste handling processes, lack of interest in waste recycling, poor waste sorting
process, lack of interest to reuse waste, contribute to air pollution through the
collection and transporting of waste, lack of coordination and supervision among the
staff those who handle waste, plastic bag usage to collect waste, and unsafe operation
to handle waste. Moreover, poor CDW categorization also leads to issues in managing
CDW (Agamuthu, 2008; Burlakovs, et al., 2018). Zou et al. (2013) discussed some
barriers to manage CDW ; i.e., poor knowledge on opportunities in recycling and ways
of recycling, poor waste separation of contaminated recyclable products, lack of
recyclable material market, poor technological development to convert waste into
useful product, cost of recycling process being higher than the income received from
the recycling products, and failure to incorporate design for deconstruction. Besides,
less costly alternatives, low gate prices for landfilling, lack of government involvement
for recycling activities, poor infrastructure and communication, inadequate knowledge
in the construction industry about recycling, lack of market for recycling products are
also considered as barriers. Further, Guerrero et al. (2017) identified obstacles such as
inadequate waste reduction plan development, lack of regulations related to

environment, and inadequate information on norms relevant to environment.

For the effective CDW management, barriers such as lack of policies, lack of legal
framework, low level of public education, poor payment and training for waste

workers, negative public attitude, and availability of open dumping grounds creates
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hinders (Ezeah & Roberts, 2012). Further, Crawford et al. (2017) have said that, to
improve the environmental performance of CDW management, barriers related to cost
and time associated with on-site WM, industry culture, lack of education, competing
project priorities, and lack of financial incentive make adverse impacts. Moreover,
weak political will, ineffective representation of communities in decision making
bodies, lack of knowledge on green procurement, lack of planning, monitoring and
performance evaluation activities are also identified as barriers for effective CDW
management in the construction industry (Muchangos et al., 2015). Similarly, other
barriers that affect for the CDW management are, ineffective CDW dismantling,
sorting, transporting and recovering process, undeveloped individual engagement,
over emphasizing recycle and non-environment friendly methods during C&D phases
of construction projects, ineffective CDW management (Mahpour, 2018).

Ling and Nguyen (2013) have identified another set of barriers that make impact for
CDW management due to the lack knowledge of the participant of project which leads
for waste generation, project players were unwilling to implement WM, over-reliance
on subcontractors to implement WM strategies, client not expecting WM to be done,
client focusses their attention most on the progress of the construction activities rather
than the WM, inadequate time for apply WM in the project, inadequate experience of
people and inadequate knowledge to initiate strategies relevant to WM, lack of money
to implement WM in the project, lack of mutual understanding within the project team
to apply WM, difficulties in quantifying CDW, lack of regulations, policies and laws
for WM, and insufficient enforcement of regulations and laws on WM. More
importantly, to reduce CDW primary barriers that have been identified are, inadequate
design standards for building to reduce CDW, CDW disposal cost and poor planning
in urban designs. Further, inadequate guidance on CDW sorting and collection,
inadequate standard and knowledge on reuse of CDW and lack of market for CDW
reuse were identified as the barriers for reuse CDW. In addition to that, barriers that
affect for recycling of CDW are identified as an ineffective management system,
immature recycling technology, under developed market for recycled CDW products

and immature recycling market operation (Huang et al., 2018).
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2.11. Concept of ZW

In linear economy, recyclable materials are not directed into the production process
and it causes issues in the long run in the perspective of sustainability (Curran &
Williams, 2012). Hence, authors have said that with the rejection of one-way linear
method and by using a circular closed loop system, ZW can be implemented. In
addition to that, Elgizawy et al. (2016) have stated that for the efficient use of
materials, cradle to cradle approach needs to be used. Figure 2.4 shows linear and

circular resource flow.

Linear flow Design
— —
Marketing - HE“.I
. N materials
Processing
Y _ e —
& Manufacture
Cyclical flow
Sortin
ing ¥
3
\ 1Cansumption
Collection —r
Source dill
separation L.a” [
disposal

Figure 2.4. : Linear and circular resource flow
Source . Curran and Williams (2012)

ZW challenges the traditional WM system within which at the end of life of product
is considered as waste (Zaman, 2014). The author has stated that, waste is transformed

into a resource through ZW and it is redirected to the production process holistic ZW
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management systems. Further, the author explained that as a result of design
integration and WM philosophies, ZW management get created. With the
implementation of ZW, high recycling levels, valuation of resources that are generated
from waste, prevention of waste and changes in behaviours take place (Pietzsch,
Ribeiro, & Medeiros, 2017).

To remove the environmental threats which are caused as a result of human
consumption and unsustainable behaviors, designing of the product and principles of
WM are looked into within the ZW philosophy (Zaman, 2014). The authors
emphasized that, in order to extend the lifecycle of the product ina ZW product design,
desginig of the products take place in a way that they can be repaired or reused. In
addition to that, the authors have also stated that, pollution of natural environment is
avoided through the ZW management process as waste is recycled, recovered.
Moreover, ZW encourages diversion of waste from incineration and landfills (Curran
& Williams, 2012). In a single framework, ZW includes producer responsibility, eco-
design, waste reduction, reuse, and recycle (Murray, 2002). Zaman (2014) defines ZW
management as the combination of WM philosophies and integrated design.
Moreover, Curran and Williams (2012) mentioned that ZW concept could be
implemented by eliminating waste at the source and throughout the supply chain, and
encouraging waste diversion from incineration and landfills. Critical innovations have
been taking place in the development schematic waves of innovation WM system
(Zaman & Lehmann, 2011). Figure 2.5 illustrates the historical development of WM
up to ZW system
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Figure 2.5.: Schematic waves of innovation management system

Source : Zaman and Lehmann (2011)

In the schematic waves of innovation WM system, open dumping is the first wave
which is still practiced in low income countries and uncontrolled landfills are
considered as the second wave while third wave is considered as composting (Zaman
& Lehmann, 2011). Moreover, the authors have stated that fourth wave focused on
systematic landfilling and waste recycling whereas fifth wave has focused on plasma
arc, incineration, gasification and pyrolysis which are considered as technologies
which converts waste into energy. Finally, in the sixth wave of innovation has focused
on sustainable WM system through ZW and include resource recovery through waste,

consumption of sustainable resources, and closed loop design system.

2.12. Development of ZW Concept

According to Cole et al. (2014), the ZW concept includes prevention of waste,
behavioural change and high level of recycling and resource recovery. Through ZW
concept, waste materials are converted into useful resources (Ksiazek et al., 2016;
Pietzsch et al., 2017). When it comes to the definitions of ZW, Curran and Williams
(2012) have defined ZW as an approach which focuses on the elimination of waste

through the whole system without managing the waste. Further, all waste materials
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becoming as a resource for another purpose is also defined as ZW (ZWIA, 2015).
Moreover, Zaman and Lehmann (2011) defined ZW as the recovery of all resources
from waste materials. When ZW concept is adopted, community benefits, economic
and financial benefits, environmental benefits and industry and stakeholder specific
benefits can be achieved (Pietzsch et al., 2017). Authors have elaborated community
benefits such as public health risk minimisation, increase in job offers by recycling
and usage practices, and by the opening and consolidation of waste collection and
separation cooperatives can be gained .

Further, through economic and financial benefits, reduction in cost and increase in
profit, prevention of the costs of environmental restoration and losses related to
process inefficiency, increase in profits from the sales of recycled materials, and
increase of income flow can be identified (Pietzsch et al., 2017). Moreover, authors
have stated that, reduction of waste generation and its negative impacts, extension of
the useful life of sanitary landfills, increased efficiency in using raw materials and
reduction of virgin raw material extraction, reduction of the emission of greenhouse
gases, opportunity to produce energy through wastes and the sale of carbon credits,
reduction of energy consumption because of the higher eco efficiency of the
production and recycling processes, increased environmental protection, and reduction
of the use of toxic materials in the products can be identified as environmental benefits.
Similarly, Pietzsch et al. (2017) have said that, industry and stakeholder that can be
achieved are improved efficiency and productivity, improved product design to extend
life cycle, increment of companies’ competitive potential through customer
satisfaction and increased reliability, incentive to the elaboration of a sustainable chain
of suppliers, and industrial symbiosis practices. Table 2.8 shows the development of

the ZW concept over the past years.
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Table 2.8 : Key milestones of zero waste concept development

Year | Country | Milestones/Events
1970 | USA The term “ZW™ was coined by Paul Palmer
1986 | USA The National Coalition against Mass Bumn Incineration was formed
1988 | USA Seattle nfroduced the Pay-As-You-Throw (PAYT) system
1989 [ USA The California Integrated Waste Management Act was passed to
achieve 23% waste diversion from landfills by 1993 and 30% by 2000
19590 | Sweden | Thomas Lindhgvist introduced “Extended Producer Fesponsibility™
1995 | Australia | Canberra passed the "No Waste by 20107 ball
1597 | New o The ZW New Zealand Trust was established
Zealand | «The California Resource Recovery Association (CRRA) organized
UsA conference on ZW
1998 [ USA ZW was mcluded 2z gmdmg principles in North Carolina, Seattle,
Washington, and DC
1999 [ USA The CREA orgamzed ZW conferences in San Francizco
2000 [ USA The Global Alhance for Incinerator Alternatives were formed
2001 | UsA Grass Roots Recycling Network published
“A Citizen's Agenda for ZW™
2002 | New » The book Cradle to Cradle was published
Zezland | « ZW International Alliance was established
USA | «The first ZW summit was held in NEW Zealand
2004 | Australia | « ZWIA gives a working definition for ZW
USA « GREN adopts ZW business principles
« ZW 5A was established in South Aunstralia
2008 | USA The Sierra Club adopted a ZW producer respensibility policy
2012 | USA » The documentary film Trashed premiered at the Cannes Film Festival
* The ZW Busmess Council was estzblished in the USA

Source: Zaman, (2013)

Source: Zaman, (2015)

2.13. ZW Strategies

For the ZW management,performance measurement which are reliable and effective

strategy implementation is needed (Zaman, 2014). In the application of ZW, mainly

four levels such as, design, manufacturing, application, recycling and disposal are

included in the ZW system (Song et al., 2015). Firstly, in design level, method of

energy and environmental analysis can be used through eco design, life cycle
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assessment, new technologies, product stewardship and closed loop supply chain
management (Song et al., 2015). Secondly, in manufacturing level, cleaner production
strategies are used in the design and manufacture processes to minimise waste
emissions and also to maximize product output (Song et al., 2015). Thirdly, in the
application level, strategies such as eco labeling and environmental awareness are
followed to meet environmental criteria (Song et al., 2015). Finaly, in the recycling
and disposal level, effective environmental management plans, schedules,
implementation and monitoring of activities to improve environmental performance
take place (Song et al., 2015). All the above mentioned four levels are summarised in
Figure 2.6

| Environmental management systen
Reverse logistics

Eco-labeling

Application

Environmental awareness

Manufacturing
Clean production

Design

Eco-design; New techoologies, LCA;
Supply chain management Product
stewardship

Figure 2.6 : ZW system

Source  :Song et al. (2015)

According to Curran and Williams (2012), to apply ZW in the construction industry,
strategies that can be followed are elaborated in Figure 2.7 along with the external
influences and constraints. Out of the identified strategies, the authors have selected
Eco design, 1S, closed loop supply chain management, Innovative technology, EPR,

Life cycle assessment, and Environmental Management System (EMS) as leading
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strategies to implement the ZW concept and in detail discussion about these strategies

are carried out in the next section.

LCA-Life Cycle Assessment

EMS- Environmental Management
System

° EIA- Environmental Impact Assessment

EXTERNAL INFLUENCES AND CONSTRAINTS ON THE SYS'TEM

Figure 2.7: ZW system to achieve ZW

Source: Curran and Williams (2012)

e Industrial Symbiosis(IS)
Industrial Symbiosis is identified as a part of industrial ecology concept (Curran &
Williams, 2012). Yazan et al. (2016) have stated that in the production economies more
attention is paid towards waste reduction. Moreover, the authors have also said that,
IS has forced to provide waste as a primary resource to other companies which will

ultimately reduce the adverse environmental impacts near the industrial areas.

e Life Cycle Assessment (LCA)
Measurement of impacts throughout the whole life cycle starting from the raw material

extraction up to end disposal of the product helps to recognize the impacts that effect

39




on the environment due to the product and also to have sustainable production and
consumption patterns (Curran & Williams, 2012).
e Eco Design

Eco design can be defined as, starting from the origin of the product thinking about
the whole life cycle and reduction of adverse impacts of the product on the
environemnt (Vallet, Eynard, & Millet, 2015). As per Bhamra (2004), Eco design is
defined as the integration and balancing of the existing design practice considering
cost, quality and functionality. In order to manage ecological disputes related to the
types CDW, client and design team awareness needs to be given (Ball , 2002). Further,
for an eco-friendly construction industry, sustainable construction techniques and
materials are needed (Torgal & Jalali , 2012). Moreover, in the eco system, for the
achievement of real waste reduction, waste is designed out of the system (Curran &
Williams, 2012).

e Closed-Loop Supply Chain Management

When it comes to the closed loop supply chain management, as per Krikke et al.
(2004), it comprises of reverse an