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ABSTRACT

Currently, up to 50% of construction and demolition (C&D) waste is disposed of in
landfills contributing to significant environmental, social and economic costs to New
Zealand. However, current understanding of C&D costs is poor both internationally and
within New Zealand. This thesis addresses this deficit by developing a framework to
evaluate the economics of C&D waste minimisation. An understanding gained from this
research could help New Zealand develop appropriate strategies to address C&D waste

issues.

As the research problem is complex and wide-ranging, this study used a mixed-method
approach. Semi-structured elite interviews with highly experienced construction
personnel were used to identify factors affecting a C&D waste minimisation strategy.
This also established the context of the economic evaluation framework. Economic
modelling was subsequently employed to develop the economic evaluation framework.
The framework was then applied on two case studies: 1) a development of a large

education facility and 2) a refurbishment of a commercial office space.
The study found that:

1. a C&D waste landfill/cleanfill charge of $150 per tonne can a) deter construction
from disposing of waste; and b) force construction to rethink waste disposal

2. C&D waste minimisation can offer clients benefits including tangible returns (i.e.
cost savings) and intangible potentials (i.e. increased reputation)

3. there are costs of implementing C&D waste minimisation - but benefits gained
can outweigh such costs; and

4. the optimal rate of reduction for C&D waste in the non-residential projects

studied was 71% - 78%



ABSTRACT

Overall, this research has made a contribution to knowledge through the development
of a robust economic evaluation framework. Moreover, the study has also provided an

impetus for future work in C&D waste minimisation economics in New Zealand.



This page has been intentionally left blank



CONTENTS

TABLE OF CONTENT



CONTENTS

Table of Contents

AB ST R A CT .t e e e e e e e e e e e rn e ane [
ACKNOWLEDGEMENT ... e e e e e e s XXi
CHAPTER 1 - INTRODUCTION ..ottt e e 1
1.1. DefiniNng C&D WASEE ......ccoeeieeeee e 2
1.1.1. Working Definition of WaSte ..........coovvviiiiiiiiececeeecin e 3
1.1.2. Working Definition of C&D WaSLe...........ceeiiiiiiiiiiiiiiicce e 4
1.2. Problems wWith C&D WASTE .......cccoiiiiiiiiiiiiieee e 5
1.3. Estimates of potential gains from minimising C&D waste internationally ...... 7
1.3.1. Environmental Cost of C&D WaSHE..........coooiiiiiiiiiiiiiiiiieeeee e 7
1.3.2. Social Cost Of C&D WASEE.........coociiiiiiiiiieeeeee et 10
1.3.3. Economic Cost Of C&D WASHE.........cceeeeiiiiiiiiiiiieeeeeee e 11
1.4. Other dimensions affecting C&D waste minimisation................cc.ooceeeeeennnn. 13
1.4.1. Political dimension of C&D waste minimisation ...............cccccevveeeeennnns 13
1.4.2. Technological dimension of C&D waste minimisation .......................... 15
1.5. Problem Statement, Research Aim and Research Question ...................... 16
1.5.1. Problem Statement ... 16
1.5.2. Research Aim and ODJecCtiVES .........cocovviiiiiiiiii e 17
1.5.3. Research QUESHION........cooui e 18
1.6. Thesis Contribution and OVEIVIEW ..............uuuruririimiiiiiiiiiiiiiiiiiiiiiiinaeees 19



CONTENTS

CHAPTER 2 — LITERATURE REVIEW ..o 21
2.1, SoUrces Of C&D WASHKE .........uuuuuuiiiiiiiiiiiiiiiiiiii e 22
2.1.1. Industry Fragmentation as a Source of Waste..............ccccccuvvumnninnnnnnnnns 22
2.1.2. Wastages in Construction PracCtiCe................uuuuuummmmiiimmmiiiiiiiiiiiiiiiiinnnnns 23
2.1.3. Waste Minimisation Efforts by Construction ............ccccccvvvviiiiiinneiinennnns 24
2.2. Waste Minimisation - A Systems PerspectiVe ............cccccccuveumimiiiiiniinnnnnnnnns 25
2.3, RESEAICN FramMEWOIK ...........uuuuuuiiiiuiiiiiiiiiiiiiiiiiitiiiiiieebebeseseeneneenneee 28
2.3.1. Relationships between Categori€s .........ccovvviruuiiiiiieeeeeeeeeiiie e eeeeeeanns 29
2.4. The ‘Green’ CONCEPL.....cuuuuiiiiii i e e e e eaaees 31
241, GrEeN CIlIES....uiiiiiiiiiiiee ettt e e e e e e e e 31
2.4.2.  Green INfraStrUCUIE ........oceiiiiiiieieee e 33
2.4.3.  Green CONSIIUCHION ....ccoiiiiiiiiiiiie e 36
2.5.  Sustainable CONSIIUCHION ...........eeiiiiiiiiiiiiiiei e 39
2.5.1. Sustainability and Sustainable Development............cccccciiiiiiieeeneeennn, 39
2.5.2. Sustainable Development in Urban Environments ...........cccceeeeeeeeeeenn, 40
2.5.3. Sustainability in CONSIIUCLION............ccoiiieiiiiiiiiii e, 41
2.5.4. Sustainability Understanding in CONStruction .............cccccccvveeiieeeeeeeennn, 43
2.6. CE&D Waste ManagemMENT ........oiuuuiieiiieeiiee e e e e e e ean s 46
2.6.1. Waste Management OVEIVIEW..........ccceivuiuiiieiiiiie e e e e e e 46
2.6.2. Solid Waste Management in CONStruCtion.............cccceeveevviiiiiieiiiiineeeenns 49

VI



CONTENTS

2.7. C&D Waste MIiNIMISALION .........ccoiiiiiiiiiiiiiiiiiiiieiieeeeeeeeeeeeeeee e 54
2.7.1. Proposals for C&D Waste Reduction.............coeevvvviiiiiiiiiiiiiiiiiiiiiiiieeee, 54
2.7.2. Recent C&D Waste Minimisation Programmes Worldwide................... 57
2.7.3. Lean Construction as a C&D Waste Minimisation Method ................... 58
2.8. ZEIO WASKE... .t 60
2.8.1. RECENT HISTOIY ... 60
2.8.2. The Zero Waste Paradigm..........ccooooiiiiiiiiiie 62
2.8.3. Zero Waste Considerations at a National Level..............cccoooiiiiiinnnnenn. 63
2.8.4. Zero Waste Concept at the Regional Level ...........cccccoeeeeeiiiiiieeeeiinnnnnnn. 66
2.8.5. Zero Waste at Industry LeVel...........ooovrviiiiiiiii e, 68
2.9. C&D Waste: Economic ConsSiderations..............eeeeeeeeaniiiiiriiiieeeeeeeessiiieee 73
2.10. KNOWIEAGE GaAPS. .. oo e iiieeeiieiie et e e e e 76
2.10.1. Definition of C&D waste in New Zealand...............cccccceiiiiiiiiiinnnnenn. 76
2.10.2. Motivators for C&D waste minimisation..............c.eeeeveeeenniiiiiiiieeeeeenn. 77
2.10.3. Economic evaluation of C&D waste minimisation.................cccceeeee.... 78
2.11. CONCIUSION ..ttt e e e e e e e e e e e e e e 79
CHAPTER 3 - AN OVERVIEW OF ECONOMIC EVALUATION METHODS............ 81
3.1, INEOTUCTION. ... 82
3.2. Nature of thiS RESEArCh ..., 83
3.3 Economic Evaluation Method OVEIVIEW ...............uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnns 84

Vil



CONTENTS

3.3.  Financial ANAIYSIS (FA) ...uuuuiiiiiei e e e eeeeees 86
3.3.1. Payback Period (PBP) ... 86
3.3.2. Internal Rate of Return (IRR) ......uuiiiiiiiiiecei e 87
3.3.3. NetPresent Value (NPV) ... 88
3.3.4. Real OptioNS (RO) ..cuuuuiiiiiiiiiiiieeiiie e e e eeeees 89
3.3.5. FA method used in this research ................cccccoiiiiiiiiiiiis 91

3.4. Economic Impact ANAlySiS (EIA) ...t 92

3.5. Benefit-Cost ANalysiS (BCA) ....ccooiiieeiiiie e e e eeaaens 93

3.6. Cost Effectiveness ANalysiS (CEA) ....uuuiiiiiie e eeeeeeanns 95

3.7. Fiscal Impact ANAlYSiS (FIA) ......ccoriiiiii e e e eeaanns 95

3.8. Chosen Economic Evaluation Methods in this Study ............ccccceeeeeeiernnnnn, 96
3.8.1. Evaluation of Methods ............uuiiiiiiiiiiii e 96
3.8.2.  Choice of Economic Evaluation Methods for this Research ................. 98

3.9. C&D Waste Economic Models — A COMPAariSON........cccceeeveveeviiiiiieeeeeeeeennnns 99

3.10.  CONCIUSION ...ttt e e e e 101

CHAPTER 4 - RESEARCH METHODOLOGY .....coiiiiiiiiiiiiii e 103

o N [ o1 (o T 0T i [0 o IO TSP PPT TP 104

4.2, Problem ANAIYSIS .....ccooiiii i 105

4.3, RESEAICH AIM ... 105

4.4. Philosophical Foundation of Research Methodology ...........cccccevvviiieiennnn. 106

IX



CONTENTS

4.4.1.

4.4.2.

4.5.

4.6.

4.6.1.

4.6.2.

4.6.3.

4.7.

ONEOIOGY - 106
EPIStEMOIOQY ...eeeeiiiiiieiiieeieeeeeeeeeeeee e 108
Research Methodological POSItION ..........ccoooieiiiiiie, 111
Research Method.........cooooo oo 113
INnterview ReSEArCH ..........oovviiiii e 114
Modelling RESEAICN .........covvviiiiiiiiiiiiiieeeeeeeeeeeee e 117
Case Study RESEAICN..........uuuiiiiiiiiiiiiii e 118
(@] o[ 113 o] o RO PP 120

CHAPTER 5 - CONTEXTUALISING THE ECONOMIC EVALUATION FRAMEWORK

5.1.

5.1.1.

5.1.2.

5.1.3.

5.2.

5.3.

5.3.1.

5.3.2.

5.4.

5.5.

..................................................................................................................... 121
Phase 1: Establishing context of economic model ..............ccccvvvivieinnn. 124
States of affairs of C&D waste minimisation in New Zealand ............. 125
Factors affecting C&D waste minimisation .............c.ccoeeeevvevviiiieneeeennn, 127
Benefits of C&D waste minimisSation ................eevveiieriiiiiiiiiiieeeeeeeee 128
Stakeholders in Waste Minimisation ...............eeeeveeeiniiiiiiiieeeeeeee e 128
RESEAICH FOCUS ....cooiiiiiiie e 132
Stakeholder GrOUPS.......oii i e e e 132
FOCUS ON PIrOCESSES ..ovviiiiiiiiiiie ettt ettt e et e e e e e e e eanneees 133
Phase 2: Validation ... 134
CONCIUSION ..ot 134



CONTENTS

CHAPTER 6 - DEVELOPMENT OF THE ECONOMIC FRAMEWORK.................. 136
6.1. Overview of the Economic Framework.............ccccccuuiiiiiiiiiiiiiiiiiiiiiiiiiiiee 137
6.2. FOCUS Of thiS RESEAICH .........uuiiiiiiiiiiii e 137
6.3. Economic Framework: The CONCEPL.........uuuuuuimumiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieees 138
6.4. Modelling ASSUMPLIONS .......uuuuuiiiiiiiiiiiiiiiiiiiieiiiiib bbb neenenneee 142

6.4.1. Market ASSUMPLIONS ......uuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiib b eeeneeeneeneee 142
6.4.2. Design-out-Waste ASSUMPLIONS ..........uuuuuummmmmmminniiiiiiiiiniiinniieeienennennens 144
6.4.3. Assumptions on Waste Minimisation StrategiesS............cccccvvvvieeeeennn. 147
6.5. Economic Framework: The Models............cccveiiiiiiiiiiiiiee 150
6.5.1. Economic Models for Benefits of Zero Waste............ccccceeeeeeiiiiinnnen 152
6.5.2. Economic Models for Costs of Zero Waste............ccccvvveveeieeeiiiiiinnnne. 156
6.5.3.  Benefit-CoSt RALIO ......ccooiiiiiiiiiiiiiee e 157
6.6. Applications of the Economic Framework .............cccooooeiiiiiiiiiiiiiiiie e, 158
6.7, CONCIUSION ...ttt e e e e e e e e e e e e 159
CHAPTER 7 — CASE STUDY ONE.....coitiiiiii et 160

............................................................................................................................... 160
7.1, Case StUAY OVEIVIEW........uuiiiiiiii e e e e e e e aens 161
7.1.1.  Project BaCKgroUNd ..........ccoouiiiiiiiiiiiiie e 162
% R B 1T [ [ 0 1 £ 163



CONTENTS

7.1.3.

7.1.4.

7.2

7.2.1.

7.2.2.

7.3.

7.4.

7.4.1.

7.4.2.

7.4.3.

7.4.4.

7.4.5.

7.4.6.

7.5.

7.6.

7.6.1.

7.6.2.

7.6.3.

7.7.

7.7.1.

DeSigN-0Ut-WASTE COSE .....ccvviiiiiiiiiiiiiiieieeeee ettt 165
C&D Waste BreakdOWN .............uuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieieieee 166
Benefit ASSUMPLIONS ..o 167
DIreCt BENETILS ..o 167
Valuing Client’'s Benefits ... 168
Economic CalCulations...........ooooeii i 169
Unit Cost CalCulationS...........coooiiiiiiiiii e 171
Base Rates for CalCulations ... 171
Unit Cost of Collecting WasSte ............ccoeeiieeiiiiiecien e 172
Unit Cost of SortiNng WaSte ........ccoovviiiiiiiiee e 172
Unit Cost of Recycling and Reusing Waste .........cccccoeeeviivviiiiciineeeee, 174
UNit CoSt Of ENEIQY ..oovvvveiiii e 174
DesSigN-0Ut-WaStE COSES.....ccoiieeiiiieiieiee e e 175
Results of the Economic Evaluation.............ccccooviiiiiiiiiieniieeeeeen 176
ANIY SIS ..t ———— 179
Basis Of COMPANISON .......uuiiiii i 179
COSES VEISUS SAVINGS ..uuuiieeieiieeiiiiiie e e e e e e e et es s e e e e e e e e eeraas e e e e eeeeeennes 181
Analysis of Design-0Ut-WaSte..........ccoeeeviiiiiiiiiiiie e 188
Benefit-CoSt ANAIYSIS ....cooviiiiiie e 191
BCR Of LEVEI 1 .ottt 193



CONTENTS

7.7.2. BCROFLEVEIS ... 193
7.7.3. BCRoOfLevel 6 and Level 7 .........ccccouuuiiiiiiiiiiiiiiiiiiiiee 194
7.8, FINGINGS ..ttt 195
7.8.1. Waste Strategy Level 1 — Landfilling .............ccccccoiiiiiiiiiiiiiiiiiiiiiiiins 195
7.8.2. Waste Minimisation Levels 6 and 7 ............cccccouemiiiiiiiiiiiiiiiiiiiiiiiiiiens 196
7.8.3. Implications of landfill charge variable ...............cccccoiiiiiiiiiiiiiiis 198
7.8.4.  LIMITATION ...ttt 198
7.9. Operatives in C&D Waste Minimisation ..............ccccoeveeeeriiiiiiiiiiiieeeeeeeeeeanns 199
7.9.1. Client and Project Manager (client Side)............ccceeiieieeiiiiiiiiiiiieeeeen, 199
A B B 1=~ [0 | 1T £ 200
7.9.3.  CONACTOIS ....uiiii it 201
7.00.  CONCIUSION ...ttt e e e e e e e 203
CHAPTER 8 — CASE STUDY TWO ... it 204

ECONOMIC EVALUATION OF MINIMISING SINGLE C&D WASTE STREAM .... 204

8.1. Case StUAY OVEIVIEW.......uuuiiiieeeiiieeiiiiee e e e e e e e e e e e e e eeeeeeeeeenes 205
8.1.1. Project Background ............ccccooviiiiiiiiiiiiie e 206
8.1.2. Breakdown of Project Budget ............ccoiieiiiiiiiiiiiice e 207

8.2. Waste Generation CalCulations.................uuuuiiiiiiiiiiiiiiiiiiies 209
B.2.1.  DESION COSIS .. iiiiiiiieiiiii et 210
8.2.2.  DesigN-0Uut-WaSIe COSE ......cccuuiiiiiiiiiiiie e 212



CONTENTS

8.2.3.

8.3.

8.3.1.

8.3.2.

8.3.3.

8.3.4.

8.3.5.

8.4.

8.4.1.

8.4.2.

8.5.

8.6.

8.6.1.

8.6.2.

8.6.3.

8.7.

8.7.1.

8.7.2.

8.7.3.

8.7.4.

Unit CoSt Of BFCK ......ooviiiiiiiiiiiiiiiee 215
Unit Cost CalCulations............oooiiiiiiiiiiiie 215
Base Rates for Calculations ... 216
Unit Cost of Collecting WasSte ............covvvviiiiiiiiiiiiiiiiiiiieeieeeeeeeeeeeeeeee 216
Unit Cost of SOrting Waste .........coevvviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeee 216
Unit Cost of Recycling and Reusing Waste ...........cccccvvvviiiiiiiiiiiieennn. 217
UNit CoSt Of ENEIQY ..ooovvviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeteeeeeeeeeeeeeee e 218
Benefit ASSUMPLIONS ......cooiiiiiiiiee e 219
DIreCt BENETILS ... 219
Valuing Client’s Benefits ..o 220
Economic Evaluation REeSUILS...........ccciiiiiiiiiiie e 221
ALY SIS ..t 224
Basis Of COMPANISON .......uuiiiiiieiiieeece e 224
COSts vVersus COSt SAVINGS ......couuuuiiiiieeeeeieeeiiie e e e e e e e e e eeeennns 226
Analysis of Design-OUt-WaSLe............cceeiiieeiiiiiiiiei e 230
Benefit-Cost ANAIYSIS .......oooeviiiii e 234
BCR Of LEVEI 1 ... 236
BCR of Level 2 and Level 3........ooooviiiiiiiiiiiiiiiieiiiieeeeeeeeeeeeeeeeeeeeeeeee 236
BCR Of LEVEI 4 .ottt 236
BCR Of LEVEIS .o 237



CONTENTS

8.7.5. BCRoOfLevel 6 and Level 7 ... 237
8.8, FINGINGS ...ttt 239
8.8.1. Waste Strategy Level 1 — Landfilling .............ccccocoiiiiiiiiiiiiiiiiiiiiiiiis 239
8.8.2. Levels 6 and 7 Waste Minimisation Strategies ..............cccccevvvvrennnnnnns 239
8.8.3. Implications of landfill charge variable ...............cccccoiiiiiiiiiiiiiiiis 241
8.8.4.  LIMITALION ....uiiiiiiiiiiii e 242
8.9. Operatives in C&D Waste MiNiMiSation ..................euueumimmiiimieiiiiiiiiniiiinnnn. 243
8.9.1. Client and Project Manager (client Side)............cccceeeveiiieiiiiiiiiiiineeeen, 243
RS I B 1T~ [0 | 1T £ 244
8.9.3.  CONMACIOIS ....uuiiiiiiiiiiit e 244
8.10.  Validation SUMMAIY ........coiiiiieiiiieiiii e e e e e e e e e eeanes 245
B.11.  CONCIUSION ...ttt e e e e e e 246
CHAPTER 9 — CONCLUSION ...ttt ee e 247
9.1, INErOAUCTION ...ttt e e e e e e e e e 248
9.2. Conceptual and Theoretical Challenges .............cveeiiiieeiiiiiiiiiiie e, 248
9.3, Research Problem ... 249
9.1. Restatement of Research ObJeCtIVES..........ccoovviviiiiiii i, 250
0.2, ODJECHIVE ONE ..o e e e e aan 250
0.2.1. ODbjective StatemMeNnt ........cccoiiiiiii i 250
9.2.2. MEINOM. ... 251



CONTENTS

9.2.3. FINAINGS e 253
9.2.4. IMPLICALIONS. ...cciiiiiiiiiiie e 255
9.3. ODJECHIVE TWO .eeiiiiiiiiiiiieeeeeee ettt 257
9.3.1. ODbjJectiVe StatemMENT .......coooeeeeeeeee e 257
9.3.2. MEENOM. ...t 257
9.3.3. FINAINGS e e 257
9.3.4. IMPLICALIONS. ....ciiiiiiiiiii e 259
9.4. (@] o =To 1)V =T I ] (=T O USRPPPNS 261
9.4.1. Objective StatemMeNnt .........ccooviiiiiiiii e 261
9.4.2. Y11 o To PP 262
9.4.3. FINAINGS oo 263
9.4.4. IMPICALIONS. ...eeiiiiie e e e e 270
9.5. LIMITALTIONS ... e 273
9.6. FULUIE RESEAICH ..o 275
9.7. Contribution to KNOWIEAQE .......ccooviieeeiiieee e 277
9.8. Research Finding Evaluation ... 278
9.9. Research CoNCIUSION ...........uuiiiiiiiiiii e 278
REFERENGCES. ... . e e e e e et e e e e e e eeees 281
APPENDICES ... e et 340
APPENDIX A — PHASE 1 INTERVIEW QUESTIONS ... 341

XVI



CONTENTS

APPENDIX B — PHASE 1 INTERVIEW RESULTS ..., 342
APPENDIX C — PHASE 2 INTERVIEW QUESTIONS.........oooiiiieeeeein 346
APPENDIX D — PHASE 2 INTERVIEW RESULTS ..., 347
APPENDIX E — ETHICS APPROVAL FROM AUT ...t 348
APPENDIX F — CASE STUDY 1 CALCULATIONS.......cooiiiiieiiiie e 350
APPENDIX G — CASE STUDY 2 CALCULATIONS ..o 353

Figure 1: Holistic Approach to Understanding Zero Waste in New Zealand

(@0] 1511 U o3 1 o] o SRR 29
Figure 2: Integrated Waste Management. Source: EPA (2002) .........cccvvvvveiviiinennn. 47

Figure 3: Close-loop model of the ZeroWIN Project. Source: Curran & Williams

(2002) vttt ettt ettt ettt ettt 64

Figure 4: Theoretical Hierarchy of C&D Waste Minimisation in New Zealand

(@0] 0 1511 U Tox 1 o o SR 141
Figure 5: Tornado Chart of Benefits and Costs - Case Study One.........ccccccceeeeeen. 182
Figure 6: Presentation of Results in Case Study ONe ..........ccccceeiiiiiiiiinieeeeeeennns 192
Figure 7: Tornado Chart of Benefits and Costs - Case Study TWO.........ccccceeeeeeeeee. 223
Figure 8: Representation of Results - Case Study TWO..........cccoovviiiiimriiiineeennnnns 235
Table 1: Relationship between Research Objectives and Research Questions....... 18

XVII



CONTENTS

Table 2: Lean Construction and itS IMpPactS ..........oooeeeeeeiieieeee e 58
Table 3: Comparison of Economic Evaluation Methods..............couviiiiiiiiiiiiiiiiinnnnnn. 98
Table 4: Heraclitean Ontology vs. Parmenidean Ontology............cceevveeeevieeeiiinnnnnn. 107
Table 5: PositivisSm VS. INTEIPretivISIM ..o 109
Table 6: Positivism vs. InterpretiviSm SUMMATY ........cooooeeeiiiieieeeeeeeeeeeeeeeeeeeeeee e 110
Table 7: Tipping Fees for C&D Waste in Auckland .............ccccevviiiiiiiiieieiiiinn, 127
Table 8: Responsibilities of Stakeholders in Building Construction ........................ 144
Table 9: Commitments of Stakeholders ... 146
Table 10: List of C&D Waste Minimisation Strategies ...........cccceeeeeiieeeeeeeeeeeeeeeeen 147
Table 11: Assumed Increases of Design FEES........oooovvveiieiiiiii, 148
Table 12: List of Modelling Variables............ooooii i, 151
Table 13: Key COSt FOrMUIAE.........ccoivieeiiiiiee e 157
Table 14: Design Fee BreakdOWn ............uueiiiiiiiiiiieeiiiis e 163
Table 15: Design Fee for Individual Profession as Percentages of Total Project Cost
............................................................................................................................... 164
Table 16: Design Fees as Percentages of Project Budget..............cccoeeeeeeee. 165
Table 17: Demolition Waste BreakdOWN ............cooevvuiiiiiiiieeeeieeeiiiiee e e 166
Table 18: Construction Waste BreakdOwn ............ooovvvviiiiiiiiiiiiieiiiie e 166
Table 19: Costs of NeW MaterialS ............uuiiiiiiiiiiiiiiie e 170
Table 20: Charge-out Rates for Machinery ..., 171

XVIII



CONTENTS

Table 21:

Table 22:

Table 23:

Table 24:

Table 25:

Table 26:

Table 27:

Table 28:

Table 29:

Table 30:

Table 31:

Table 32:

Table 33:

Table 34:

Table 35:

Table 36:

Table 37:

Table 38:

Table 39:

Table 40:

Haulage Charge ..........uueiiiiiiieeeees e e e e eeenes 171
Design Cost for EACh Strategy ............ueueeerremmmmiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnees 176
Design-Out-Waste Cost for Each Strategy ........cccoovveeeeviiiiiiiiiiinieieeeeeeeens 176
Modelling Result - Case Study ONe .........coooviiiiiiiiiii e 178
Basis of CompariSON CONVEISION ...........uuuuuuiuuiiiiiiiiiiiiiiiiiiiiiiiinineinninnneees 180
Converted RESUILS.........ooiiiiiiiiic e 181
Assumed Increases of Design Fees (Duplicate of Table 12).................. 188
Design Cost and Design-Out-Waste Cost for Each Strategy.................. 188
Design Cost Breakdown for Each Profession...........ccccvevvvviiiiiiiiecceeennn, 189
Design-Out-Waste Cost Breakdown for Each Profession ...................... 189
BCR for Each C&D Waste Minimisation Strategy............ccccccuvvevevunennnnnns 192
Refurbishment Project SUMMArY..............euuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiiieees 207
Project Budget Breakdown - Percentage (Supplied by Building Owner) 208
Breakdown of Project Budget — Dollar Value (Calculated) ..................... 208
Key Modelling Assumptions (Brick Waste) .............ccccccuuiiiiimiiiiniiiiiinnnns 209
Design Fee for Each Profession as Percentage of Total Project Budget211
Design Fee for Each ProfeSSion..............uevueiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiees 211
Assumed Increases of Design Fees (Duplicate of Table 12).................. 212
CoSt Of DESIGN INCIEASES ...cevvveiiiieeeeeeeeeeeie e e e e e 213
Cost of Design-0out-waste INCrEASES..........uuviiiiieeeieeeeeiiiiee e e e e e e e 214

XIX



CONTENTS

Table 41: Modelling Result - Case Study TWO ........ccuueeiiiiniieieeeieiiiin e 222
Table 42: Modelling Results of Case Study TWO .........cooovveieiiiiiieeeeeeeeeeeeeen 225

Table 43: Design Cost and Design-Out-Waste Cost for Waste Minimisation

ST AEEQIES ...ttt 232
Table 44: Increases in Design-Out-Waste Cost (Percentage)........cccooeeeeveeevvvvnnnnnn. 232
Table 45: Increases in Design-Out-Waste Cost (Dollar Value) ...........cccceevvevvvnnnnnn. 233
Table 46: BCR of C&D Waste Minimisation Strategies - Case Study Two............. 234
Table 47: C&D Waste Minimisation Strategies in this Research............................ 263
Table 48: Associating Research Findings with Research Questions ..................... 278
Table 49: Associating Research Findings with Research Objectives..................... 278
Table 50: Associating Research Objectives with Research Aim ............ccceevvvvvnnnnn. 278
Table 51: Unit Cost CalCulationS ...........oooeeeiiieeeeeeeee 350
Table 52: Case Study 1 CalCUulations ..........coiiieeiiiieiiiiie e 351
Table 53: Case Study 2 CalCulations ...........coooeeeeiieieee e 353

XX



ACKNOWLEDGEMENT

ACKNOWLEDGEMENT

This thesis would not have been possible without assistance and support from many

people that | have been privileged to meet and know.

Thank you to my primary research supervisor, Professor John E. Tookey, for your
supervision. Your inputs and guidance have been particularly helpful in shaping my
understanding and thinking in this research. Thank you also for your humanity and your
understanding and all the opportunities you provided during my study which allowed me

to provide for my young family.

To my secondary research supervisor, Dr. Dave Moore, | thank you for your advices in
this research and in life in general. Your professional and practical inputs have helped
me structure the work professionally; while your fatherly advices have helped me

become a good dad to my daughter Jewel and good husband to my wife Rose.

To the industry sponsors of this research, thank you. In particular, | would like to thank
Mr. Kevin Golding and GIB Plasterboards for co-funding my research scholarship and
for your continuing professional support. Thank you Mr. Wayne Sharman and BRANZ

for providing me a research scholarship.

| also wish to thank the people who have made my PhD journey enjoyable. First and
foremost | thank my Mum Tran Thi Lu and my Dad Tran Quy An for their
encouragement and support; which, ultimately led to the completion of this thesis. |
would also like to thank my siblings, my brother Tran Dai Quoc Viet and his wife Ho

Hao and my sister Tran Dieu Diem Hoa, for their support along the way.

XXI



ACKNOWLEDGEMENT

To my friends and colleagues in the New Zealand construction industry, thank you for

all of your inputs and feedback for this study.

Above all, | would like to thank two special people in my life. To my wife Rose Le for all
her love, encouragement and patience throughout my studies. And especially to my
daughter Jewel Elena Tran for her unconditional love and her infectious laughter — you
are an angel in my life, providing me a purpose in life, allowing me to have fun and

giving me valuable downtimes to de-stress.

XXII



CHAPTER 1 - INTRODUCTION

CHAPTER 1 - INTRODUCTION



CHAPTER 1 — INTRODUCTION

The construction industry has an important role in the national economy of countries
around the world (Shakantu, 2005). Construction contributes significantly to the
competitiveness and prosperity of the overall economy both directly and indirectly
(Lawson, 2013). In direct terms, construction contributes between 5% and 7% of any
nation’s Gross Domestic Product (GDP) and is one of the largest employers in any
economy (Australian Bureau of Statistics, 2010; Building Performance, 2015; UK
Government, 2015). The indirect influences of construction on the economy are even
more pronounced, with the industry representing around 50% of Gross Fixed Capital

Formation in most countries (Wibowo, 2003; PwC, 2011).

However, construction is well-known for its ineffective use of resources, leading to
significant wastages (LePatner, 2008; Landin & Oberg, 2014). Recently significant
efforts have been invested in tackling the waste problem created in, and by, the
industry. The study reported in this thesis focuses on one aspect of these efforts: the
economics of construction and demolition (C&D) waste minimisation. By understanding
this aspect, it is anticipated that appropriate strategies can be made to improve waste

minimisation in the New Zealand construction industry.

1.1. Defining C&D Waste

C&D waste is a term collectively given to all waste generated by the construction
industry. Currently there is no single definition of C&D waste (Kumara, 2009). For
example, the Environment Protection Authority (EPA) in South Australia has two

definitions of C&D waste: one for inert stream and one for mixed stream (EPA, 2009).
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In New Zealand, C&D waste is not specifically defined in the Waste Minimisation Act
2008; rather it is included in the Ministry for the Environment’s (MfE) general definition
of waste — although a list of C&D waste streams is provided by the MfE (MfE, 2008;
MfE, 2017). This lack of C&D waste in New Zealand means that C&D waste
minimisation practices are not uniformly adopted between locations and authorities,
leading to variations in C&D waste classification and management strategies. In turns,
this means efforts to address C&D waste are different between locations which further

exacerbates the problems with C&D waste in construction.

This lack of a uniform C&D waste definition means that there is an urgent need to
define C&D waste in this study. The definition of C&D waste in this research should be
broad enough to cover the essence of C&D waste in construction context; but it should

be limited within the scope of the study.

1.1.1. Working Definition of Waste

Although New Zealand has a definition of ‘waste’ in the Waste Minimisation Act 2008
(MfE, 2008), the researcher feels that the MfE’s waste definition is too broad. Given the
research problem being investigated is wide-ranging, there is a need to provide
necessary focuses in this research to ensure the research problem can be addressed

within the allocated 3-year timeframe.

Therefore, a conscious decision was made in this research to adopt the definition of
‘waste’ offered by the United Nations Statistics Division (UNStats) due to its specificity.
In this study, ‘waste’ is defined as ‘materials that are not prime products for which the
generator has no further use in terms of purposes of production, transformation or

consumption, and of which the generator wants to dispose’ (UNStats, 2015).
3
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As shown in this definition, the main focus of current waste management paradigm
rests on the management of physical waste. This focus has been the main platform
upon which waste management strategies are formulated and executed (see, for
example, Hyder Consulting et al, 2011 or Marshall & Farahbakhsh, 2013). Although this
line of thought has allowed for successful implementations of many waste
management/waste minimisation strategies (e.g. Allen et al, 2012), it is becoming
outdated (Seadon, 2010). Current thinking around waste minimisation includes aspects
of the ‘lean’ concept. In this new paradigm, wastage includes non-quantifiable factors
such as time, delays, defects and under-utilisation of skills (Rogers Builders, 2010;

Mortensen Construction, 2013; Aitken, 2014).

1.1.2. Working Definition of C&D Waste

In the construction context, this new line of thinking of waste is particularly applicable.
C&D waste consists of two components: physical waste and process waste. The
physical component of C&D waste is generated during the construction and demolition
processes. Physical waste includes, but is not limited to, bricks, glass, plastics,
concrete, timber, asphalt, gypsum and metals. As the physical C&D waste consists of
many chemicals as a result of industrial processes, when discarded to the environment,
these waste streams can have significant negative effects to the surrounding

environments and on human health (Coudert et al 2013; Kijjanapanich et al, 2013).

On the other hand, process waste is mainly generated by the industry’s sub-optimal
operations. Process waste may include, but is not limited to, time, delays and skills.
Although both physical waste and process waste affect the bottom lines of construction

companies, it is the latter that can have the most significant effects on construction, as it
4
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undermines the ability of the industry to deliver stated outcomes. Further, process
waste can cost companies and industry significantly in term of productivity, which in
turns lowers the industry’s competitiveness. Process waste has been extensively
studied in the field of Lean Construction (Howell, 1999). Although the consideration of
process waste is required to provide a complete picture around C&D waste in
construction, the fact that it lies outside of the scope of this study means that C&D

waste does not cover this aspect in its definition.

Therefore, in this research C&D waste is defined as ‘materials which arise from the
construction and/or demolition of buildings, structures or likewise, for which the
generator has no further use for the purpose of continued production and/or

consumption, and of which the generator wants to dispose’ (UNStats, 2015).

1.2. Problems with C&D Waste

C&D waste is a significant problem world-wide due to it being generated in large
quantities throughout the life of a structure (Conlin, 2012; Hassan et al, 2012). C&D
waste is present in all stages: from construction to maintenance and renovation, and
finally though to demolition of the building or structure. The problem with C&D waste is
not new. In Brazil, Soibelman (1993) monitored the waste of seven materials in five
building sites and found values ranging from 5.06% to 11.62% in terms of cost. In
Norway, Sjoholt (1998) estimated that the costs due to nonconformity, errors,
alterations and wastage during the building process were around 10% of the total
building cost. It has been consistently shown in the literature that C&D waste represents

between 10% and 36% of all landfill waste worldwide (Kartam et al, 2004; Tam & Tam,
5
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2006; Tam, 2007; Yuan & Shen 2011; Hu, 2011; Hassan et al, 2012). The large
volumes of C&D waste can have significant environmental impacts due to leachate of
hazardous materials from chemical and industrial treatments (Wang et al, 2010;

Coudert et al 2013; Kijjanapanich et al, 2013).

It has been argued that a significant amount of C&D waste can be diverted by
implementing ‘design-out-waste’ concept (Chong et al, 2009; WRAP, 2011, 2012).
However, design-out-waste is not widely practised due mainly to a (false) perception of
its high cost of implementation (Osmani, et al, 2008). Perhaps this is the reason the
problem with waste generation in construction, and particularly C&D waste, continues to

persist.

Comparatively the situation in New Zealand is by turn much better and worse than
elsewhere. Latest figures from the Ministry for the Environment showed that nationally
C&D waste comprises 50% of all waste generated in New Zealand (MfE, 2013). An
area by area comparison showed construction in the Auckland region generated 35% of
the whole region’s waste output. Further, publicly available information shows that
performance figures for waste minimisation have not markedly improved between 1997
and present day, with The Ministry for the Environment website continues to cite C&D
waste arising as constituting circa 20% of all landfill and 80% of all cleanfill deposits,
just as they did in 1997 (MfE website, 2013). At the same time, the sizes of available
landfill and cleanfill sites in New Zealand have been significantly reduced due to C&D
waste being continually dumped into landfills or cleanfills (Kazor and Koppel, 2007). For
example, in the case of plasterboard-type products there is only one licensed cleanfill
disposal location in the Auckland region (the Envirofert facility at Tuakau). In turns, the

reduction of available landfills and cleanfills makes the problem with C&D waste even
6
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more acute. It has been argued that most C&D waste in New Zealand is disposed
unnecessarily due to sub-optimal processes (Level, 2015). The result is at least 50% of
C&D waste currently in landfills or cleanfills could be diverted. This shows there is a
need for immediate attention from all stakeholders in New Zealand, both inside and

outside of the construction industry, to address C&D waste.

1.3. Estimates of potential gains from minimising C&D waste

internationally

The cost of C&D waste can be broadly divided into three categories: Environmental
Cost, Social Cost and Economic Cost — but most attention is paid exclusively to the

economic component (Peng, 2010; Level, 2015).

1.3.1. Environmental Cost of C&D Waste
The environmental cost of C&D waste is represented by two areas: resource depletion

and pollution.

1.3.1.1. Resource Depletion

As shown in Section 1.2, construction’s ineffective use of materials in its production
processes represents a major problem. On the one hand, the industry continues to
require a significant amount of natural and virgin materials (Fadiya et al, 2014).
Available statistics shows that globally construction requires up to 50% of the world’s
energy, 50% of the world’s water uses and between 60% - 90% of the world’s timber

products (Willmott Dixon Co., 2010).
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On the other hand, the industry continues to generate a significant amount of C&D
waste — sometimes up to 50% of all landfill waste (Kievan, 2013; MfE, 2013). Further, it
has been documented that construction has contributed to the significant air pollution in
cities (23%) and drinking water pollution (40%) (Willmott Dixon Co., 2010). All this

represents in a severe depletion of natural resources.

It can be seen in the above argument that in the long term this ‘mine-build-discard’
mindset is not sustainable, given the world’s limited natural resources (Seadon, 2010).
Therefore, there is a need for construction to take a broader view of its actions and

reconsider its responsibilities, especially those around waste minimisation.

1.3.1.2. Pollution

Pollution caused by construction includes air, noise and soil pollution.

Air pollution includes dust generated during demolition and fumes from exhaust and
other combustible emissions of transport vehicles. Air pollution such as dust can cause
significant nuisance to the local communities if not managed properly. This type of
pollution can have significant effects on the surrounding communities during the

generation and disposal of C&D waste (Fayad & Bekhazi, 2009).

Noise pollution is mainly caused by construction and demolition activities. This type of
pollution can cause significant nuisance communities. Further, the vibration from
construction and/or demolition activities can also cause damages to surrounding

structures and buildings.

On the other hand, soil pollution is caused by leachate of heavy metals or chemicals
over time (Wang, 2010). Construction materials are often treated with chemicals to

prolong their working lives. When treated materials are disposed of in landfills, such

8
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chemicals are released into the environment as the materials breakdown, causing soll
and water pollution (van der Sloot et al, 1996). The effects of soil pollutions are
significant because they can affect the land and underground water tables which cities

rely on to serve their citizens.

Greenhouse gas (GHG) emission in the context of C&D waste is mainly generated
during the transportation and processing of C&D waste. As C&D waste is often bulky,
large machinery are required to transport and process it, resulting in a large amount of
carbon dioxide (CO2) being released into the atmosphere. It has been argued that the
construction industry generates an equivalent of 50% of all global greenhouse gases
(Willmott Dixon Co., 2010). Pollution and GHG emission can cost the country and the
planet significantly. These costs can be calculated in terms of health and wellbeing of
citizens. They can also be calculated in terms of the efforts and money spent on
mitigating the effects of such pollution. Further, the costs can be in terms of lost
opportunities such as the limited opportunities to reuse landfill sites due to potential

health hazards (Level, 2015).

However, most current C&D waste and C&D waste minimisation studies only briefly
mention the environmental issues related to pollution and GHG (see, for example:
Fayad et al, 2009; Fadiya et al, 2014; Wang et al, 2014; Kucukvar et al, 2015). A small
number of studies explore GHG in C&D waste minimisation. But they used estimates
and assumptions to model the effects of pollution in C&D waste minimisation (see, for
example: Coelho & de Brito, 2012; Kucukvar et al, 2015). In the researcher’s opinion,

this is an area which further research effort is needed.



CHAPTER 1 — INTRODUCTION

Overall, as can be seen in the discussions of environmental components above, C&D
waste can have significant effects on the surrounding environments. Therefore, there is
an urgent need for the construction industry to manage and minimise its C&D waste

output to reduce these environmental impacts.

Further, as the above environmental impacts can be severe and may have long term
impacts, their costs may be borne by the society in general. The following section
discusses the social cost of C&D waste in detail to provide an understanding of this

topic.

1.3.2. Social Cost of C&D Waste

Social cost is the costs to the communities and to construction companies in dealing
with the effects of C&D waste pollution. Social cost of C&D waste can be measured

directly or indirectly.

Direct social costs include reparation costs to damaged properties or costs to address
communities’ concerns. Reparation costs arise from the need to address damages to
structures and buildings caused by noise and vibration pollution. These costs are often
borne by construction companies. However, the fact that local communities suffer such
damages and discomfort before reparatory work is carried out means that the social
cost associated with this pollution is also significant. Community-related costs arise
from the need to address communities’ concerns regarding projects or critical activities
in such projects. For example, communities may be affected by the increase in traffic
during construction and/or demolition processes. Not only does the increased traffic

cause delays and congestions to local networks, it also increases the risk for public and
10
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workers’ safety, especially during peak hours or at schools’ opening and closing times.
For these reasons, the social cost to construction is significant, including oppositions to

a project by communities.

On the other hand, indirect social cost includes the costs borne by the public health
systems in treating accidents or diseases arisen from C&D waste pollution. For
example, it has been shown that high levels of air pollutants can cause sickness and
other respiratory problems to the people working at and/or living around the
construction or demolition sites (Fayad & Bekhazi, 2009). The health cost associated

with this type of pollution is often borne by society.

To reduce the social cost (both in direct and indirect terms) means that there is a need
to minimise C&D waste. And to ensure a waste minimisation strategy is sustainable,
there is a need to understand the economics of such a strategy. The following section

will discuss the economic cost of C&D waste in detail.

1.3.3. Economic Cost of C&D Waste
Arguably, the economic cost of C&D waste has a direct relationship to both

environmental and social cost of C&D waste.

From the environmental perspective, as the amount of C&D waste being disposed of by
the construction industry continues to grow, there is an increased need for additional
landfill sites or cleanfill sites to help manage C&D waste. There are costs associated
with these additional investments in infrastructure. And although the costs of such
investments may be high, the investors may also require high return rates to justify their
investments. The returns for the investors are in forms of waste disposal fees or landfill

charges. As landfill charges grow, so do the costs of C&D waste disposal. In other
11
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words, high landfill charges make it expensive to dispose of C&D waste. In many
economic situations, construction companies would pass these costs onto the
consumers to compensate for their high cost of waste disposal. Given that the amount
of C&D waste keeps growing (not declining), the end consumers end up paying more
for materials and wastages, labour to process C&D waste, and transportation of C&D
waste. It is therefore in the consumers’ best interest to demand construction companies
to cut down unnecessary costs. And it can be done through minimising the amount of
C&D waste produced in projects. By having a waste minimisation strategy, the client

can ensure they save on materials as well as on waste disposal charges.

From a socio-environmental perspective, as the social cost of C&D waste grows, it
becomes a substantial burden for society (Storey et al, 2003; Myers, 2005; Ding, 2008;
MfE, 2010). Although some parts of the social cost is borne by construction companies
(see Section 1.3.2), a majority of the social cost of C&D waste is borne by the public
(Fayad & Bekhazi, 2009; Willmott Dixon Co., 2010). For instance, as the amount of
C&D waste keeps growing, so does the amount of health problems associated with it.
The growing C&D waste-related health problems will likely stretch the (already-

stretched) public health systems worldwide further.

C&D waste is a major issue faced by both the society and the construction industry.
Given the problem with C&D waste is serious and has been around for a long time,

there is an urgent need for construction to address C&D waste.

As money is an important consideration in construction, there is an immediate need to
investigate the economics of C&D waste reduction strategies in the New Zealand

construction industry. This is the rationale for the study reported in this thesis.

12
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1.4. Other dimensions affecting C&D waste minimisation
1.4.1. Political dimension of C&D waste minimisation

The pressure for reducing C&D waste in construction comes from various levels: local,
national and international (Snow, 2001). One particularly significant aspect in recent
years has been the introduction of much legislation and many directives worldwide
aiming to improve industrial and social sustainability (Langfield, 2011; Metro Vancouver,
2011; Adams et al, 2011; Seattle Council, 2013). In New Zealand, the Waste
Management Act was introduced in 2008 to change the status quo of waste in
construction. The principle mechanism of the Waste Management Act (2008) was to
provide funding for waste minimisation programmes, enable product stewardship
schemes for construction materials and reduce the environmental harms caused by
those materials. This can be achieved by the imposition of a levy on all waste sent to
landfills. The levy creates an economic imperative to reduce total amounts of waste
arising from construction sites and introduce waste minimisation. Specifically, each
tonne of waste removed from sites and deposited into landfill or cleanfill would result in
$10 levy. The Waste Management Act (2008) was also intended to force people to think
about how they dispose of materials more broadly. It has been reported that the overall
effects of the Act to date has been positive in the New Zealand context (MfE, 2009;

MfE, 2012).

However, compared to other waste minimisation programmes worldwide such as the
Sustainability Advantage programme in New South Wales, perhaps New Zealand can

do more to encourage C&D waste minimisation. Information about the Sustainable
13
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Advantage programme can be found on the Environmental New South Wales’ website

(Environmental New South Wales, 2014).

It has been suggested by overseas authors that maybe the reason for the slow adoption
of C&D waste minimisation is due to a lack of necessary supports and interventions by
authorities (Jaillon et al, 2009; Hu, 2011). Interventions include ‘pull’ factors such as
incentives and subsidies as well as ‘push’ factors such as industry-focused legislations
and/or industry performance standards. It has been shown that a combination of
regulation and economic incentives is effective in reducing C&D waste (Yuan et al,
2011). Similar, Poon et al (2001) and Poon et al (2004) showed that regulations and
economics are key factors in influencing and altering behaviours of operatives towards
C&D waste generation. Yu et al (2013) showed that C&D-specific waste levy charges
can have significant effects on construction’s behaviours regarding C&D waste. It has
been reported that after 3 years of implementing the Construction Waste Disposal
Charging Scheme (2006-2008), Hong Kong managed to significantly reduce solid
construction waste (Yu et al, 2013). However, it has been noted that such successful
C&D waste reduction scheme is only sustainable if appropriate efforts are made to
improve the industry’s behaviours towards, and practices in, C&D waste minimisation

(Yu et al, 2013).

This observation is valid because top down approaches in waste minimisation (i.e. one
driven by policies and regulations) can only drive the agenda so far, there is a need for
a bottom-up approach from the industry itself to have a truly lasting and sustainable

waste minimisation programme.

14
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1.4.2. Technological dimension of C&D waste minimisation

To date, many authors have relied on technology to minimise C&D waste. For instance,
Huang et al (2002) used mechanical sorting techniques to recycle construction waste.
This is an interesting study because this type of study is not common in construction.
But the novelty of this approach is already available in other sectors such as the mining

sector (http://www.crcore.org.au/coarse-liberation-circuits.html and

http://www.crcore.org.au/7-news/general-news/110-news-archive - section ‘MineSense

joins CRC ORE’, 2013).

Similarly, Li et al (2005) utilised mapping technologies such as GPS and GIS used to
track and manage onsite C&D waste. Li et al (2005)'s approach was found to be
effective in tracking and managing materials and waste. Moreover, compared to the
standard approach, greater efficiency and productivity could be gained through this
system (Li et al, 2005). Approaches like Li et al (2005)’s has gained popularity in recent
times, with increasing number of New Zealand firms employing them to study materials

flows (e.g. Aurecon).

Techno-centric approaches have been found to be helpful in the management of C&D
materials and waste. However, techno-centric approaches can be costly, as specialist
equipment can be expensive and may not be applicable to every project. Besides, there
is little evidence that such high-tech approaches are more effective than other waste
minimisation techniques. As a result, further research effort is required in this area to
help construction understand the role and potentials of techno-centric approaches in the
management of C&D waste. This understanding will in turns allow construction to

formulate appropriate strategies to manage its C&D waste outputs.
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Although it is technically feasible to recycle most construction materials, the type and
amount of material to be salvaged is often highly dependent on its value (Tam & Tam,
2006; Tam, 2010; Lu & Yuan, 2011). This means C&D waste minimisation depends on
both construction’s technical capabilities as well as levels of commitment of the
stakeholders within the industry. This argument shows the importance of economic
considerations in C&D waste minimisation. Given monetary returns to shareholder are
the key driver in construction, there is a need to assess the economics of waste
minimisation strategies so that potential values of C&D waste minimisation can be
understood and implemented (Peng et al, 2010). In turns, this understanding of can add
significant values to the operations of construction companies and ensure the long-term

sustainability of the industry.

1.5. Problem Statement, Research Aim and Research Question
1.5.1. Problem Statement

Currently there is a lack of tools and methods for the evaluation of economics of C&D
waste minimisation in New Zealand. This is perhaps since C&D waste minimisation is a
relatively new field of research in New Zealand, with very few publications in New
Zealand focusing on this area (e.g. Storey, 2003; Brown & Allcock, 2008; Letendre,
2013; Berry, 2014). As a new field of study, there are research areas that need to be
addressed and used as the basis for further progresses. One such area in New Zealand

is in economic evaluation of C&D waste minimisation.

Worldwide, there are several studies focusing on the economics of C&D waste

management/minimisation (see, for example: Yahya & Boussabaine, 2006; Begum et
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al, 2006; Tam & Tam, 2008; Jain, 2012; Fadiya et al, 2014; Marzouk & Azab, 2014,
Dajadian & Koch, 2014; Abdelhamid, 2014). In New Zealand, currently there is only one

publication that explores this area (Covec, 2007).

The lack of economic evaluation frameworks appropriate, and applicable, to New
Zealand means that construction stakeholders are not well-informed of the values of
waste minimisation. This lack of understanding may in turns have detrimental effects on

efforts to address C&D waste problems by the governments and the industry.

To this end, there is an urgent need to evaluate the economics of C&D waste

minimisation and C&D zero waste in the context of New Zealand construction.

1.5.2. Research Aim and Objectives

The nature of the current problem means that the aim of this research is to evaluate the
economics of a zero-waste strategy in the New Zealand context and to identify the most
economically optimal C&D waste minimisation strategy in New Zealand construction

projects.

Because of the research aim above, a number of research objectives have been
established. These research objectives divide the research aim into manageable

components; but together, they help address the research aim effectively.

1. Objective 1: to identify factors that may have significant effects on C&D waste
minimisation in New Zealand construction
2. Objective 2: to identify actions needed to encourage the uptake of C&D waste

minimisation in New Zealand construction
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3. Objective 3: to formulate a framework to evaluate the economics of C&D

waste management strategies available to New Zealand construction

By addressing these research objectives, it is anticipated that the study provides a

platform for future investigations in C&D waste minimisation in construction.

1.5.3. Research Question

A few research questions have been formed to help address the above research

objectives. Research questions in this study are:

1. What are the factors that can significantly affect waste minimisation strategies
in New Zealand construction?

2. What techniques are appropriate for estimating costs of a C&D waste
minimisation strategy in New Zealand?

3. What techniques are appropriate for valuing benefits of a C&D waste
minimisation strategy in New Zealand?

4. What is the basis for choosing the optimal waste minimisation strategy for a

project?

These research questions seek to answer each research objective in the following

order:

Table 1: Relationship between Research Objectives and Research Questions

RESEARCH OBJECTIVE RESEARCH QUESTION
1 Research Question 1
2 Research Question 1
3 Research Questions 2, 3, 4

18
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1.6. Thesis Contribution and Overview
Although C&D waste minimisation has been studied internationally, its economics has
not been investigated in the New Zealand construction context. This study aims to
develop an economic framework that is applicable to the evaluation of C&D waste
management strategies in New Zealand. This framework differs to other evaluation
methods in that it uses a combination of standard economic evaluation techniques such
as Economic Impact Analysis, Benefit-Cost Analysis and Cost Effectiveness Analysis to

help convey messages in a clear and concise manner.

With its focus on the investigation of economics of C&D management, this thesis can
make significant contributions to an overall understanding of C&D waste management

in the context of New Zealand construction. The thesis is organised as follows:

Chapter 2 reviews relevant literature pertaining to C&D waste management and C&D
waste minimisation. The aim of this chapter is to develop a good understanding of
issues around C&D waste minimisation and to identify existing knowledge gaps in order

to establish research strategies to address them.

Chapter 3 reviews economic evaluation techniques. This chapter aims to provide a
good understanding of economic evaluation tools that are available for this research.
The chapter concludes with a list of appropriate economic evaluation methods for this

research.

Chapter 4 discusses the methodology adopted for this research and reasoning for the
choice of the research instrument. Ontologically, the study followed the Parmenidean

worldview, given its focus on developing an economic evaluation framework.
19
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Epistemologically, a mixed-paradigm was chosen as to address both qualitative and
guantitative aspects of the research. Subsequently the chapter shows suitable research
methods for this study are: semi-structured elite interviewing, modelling research and

case study.

Chapter 5 outlines the theoretical construct of the proposed economic evaluation

framework and provides descriptions of its applications.

Chapter 6 applies the proposed economic evaluation framework to a new construction
project. This Chapter focuses on evaluating the economics of minimising a range of
C&D waste materials, including asbestos-contaminated materials, concrete, scrap
metals, timber, plasterboard, steel, cardboard, glass, hardfill materials, plastic, polyester

materials and other general waste.

Chapter 7 further tests the application of the proposed economic evaluation framework
in a refurbishment project. This Chapter focuses on the brick material. And the
framework is used to evaluate the economics of waste minimisation strategies for brick

waste.

Chapter 8 discusses key findings from this study. The chapter describes how each
research objective is achieved. This chapter also describes the key strengths and

limitations of the study and suggests opportunities for future research.

Finally, conclusions are set at Chapter 9.
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2.1. Sources of C&D Waste

There are many factors that can have significant effects on the generation of C&D
waste. However, two main factors that contribute significantly to the generation of
wastages in construction are the industry’s fragmented nature and current practices

being carried out in the industry.

2.1.1. Industry Fragmentation as a Source of Waste

A significant factor in waste generation is perhaps the fragmented nature of the
construction industry. The construction industry is made up by a large humber of small-
to-medium sized companies. In New Zealand, there are a total of 51,178 companies
operating in the construction sector as of 2014 (Statistics New Zealand, 2015). Of this

total, 24% (or 12,285 companies) are proprietary (Statistics New Zealand, 2015).

Construction’s fragmentation is not new and it has both positive and negative
implications to construction (Egan, 1998). On the one hand, the fragmentation allows
the industry to be flexible to deal with the variable workloads caused by economic
cycles (Egan, 1998). On the other, due to this fragmentation each trade tends to focus
on their area of expertise and thus limiting the continuous collaborations between
partners (Barawas et al, 2013). Because of this fragmentation, the views on C&D waste
between construction groups differ significantly. For instance, waste minimisation is not
highly ranked in the design process by architects (Osmani et al, 2008); however civil
engineers felt that more could be done at the design phase to minimise waste (Chong

et al, 2009).

22



CHAPTER 2 - LITERATURE REVIEW

2.1.2. Wastages in Construction Practice

It has been reported that over-specification of materials is a main reason for wastages
in construction (Sealey et al, 2001). Li et al (2012) showed that the largest contributor to
C&D waste in a commercial building is concrete waste (43.5%), followed by timber
formwork (18.7%), steel bar (9.8%), brick and block (8.4%), mortar (8.4%) and tile
(1.2%). This wastage rate is significant. Predominantly, C&D waste in construction is
due to traditional practices in the industry, where stock ‘shrinkages’ are taken into
account when estimating materials (Sealey et al, 2001). Other sources of waste in
construction may come from the industry’s internal inefficiency. These inefficiencies
include, but not limited to, a lack of an integrated network for collection, utilisation and
reuse of C&D waste materials (Fatta et al, 2003); a lack of standardisation or
specifications of waste materials (Hadjieva-Zaharieva et al, 2003); lack of at-source
waste management directives and capacities (Lu et al; 2011), lack of skills/poor
workmanship and heavy reliance on traditional construction methods and materials

(Hassan et al, 2012).

Another crucial factor that may have significant contribution to waste generation in
construction is a lack of commitments and supports for waste minimisation from
management and construction stakeholders (Teo & Loosemore, 2001; Hadjieva-
Zaharieva et al, 2003; Hassan et al, 2012). It has been found that human behaviours
such as attitudes and perceptions towards C&D waste can have significant impacts on
the success of a C&D waste minimisation strategy (Teo & Loosemore, 2001; Kulatunga
et al, 2006; Begum et al, 2006; Begum et al, 2008; Afroz et al, 2008). However, due to

the fragmented nature of the construction industry and the disaggregation of
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roles/responsibilities between construction professionals, significant waste is still being

generated in, and by, construction.

Waste is often viewed as inevitable part of construction (Osmani et al, 2008). As such,
C&D waste minimisation has received a low priority in construction (Teo & Loosemore,
2001; Chong et al, 2009). This is particularly true during busy times such as in a
construction boom, where designers and contractors are pressured to finish projects in
the shortest time possible. The result is less time and resources are allocated to C&D
waste management and minimisation (Teo & Loosemore, 2001). It has been reported
that decisions made to at design stage could help reduce up to 33% of C&D waste in
any construction project (Osmani et al, 2008). However, the reasons designers do not
often implement waste reduction in the design process are due to external influencing

factors such as clients’ requirements and costs (Poon et al, 2004).

The above argument shows there is an urgent need to incorporate waste minimisation
in building construction practices to reduce amount wastage currently being generated
by the construction industry. It seems now is the right time for New Zealand
construction to undertake this task because currently the country is experiencing a

construction boom in Christchurch and Auckland.

2.1.3. Waste Minimisation Efforts by Construction

Recently, efforts have been spent to establish ‘best practices’ for reducing C&D waste
(BRANZ, 2014). Notable New Zealand-based initiatives include ‘Resource Efficiency in
the Building and Related Industries’ (REBRI) programme and New Zealand Zero Waste

initiative. However, such programmes have yet to show tangible results. This lack of
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evidence may be a cause for the slow uptake of waste minimisation in New Zealand

construction.

The review of literature has revealed that much recent effort has focused on identifying
factors that may have significant effects on C&D waste generation. The result is a rich
body of knowledge concerning the sources of waste in construction has been provided.
Further, these investigations have collectively provided a glimpse into successes and

failures in C&D waste management and waste minimisation.

However, most current emphases on C&D waste management and C&D waste
minimisation remain on moderations of behaviours instead of looking for ways in which
the totality of the system can work together to minimise waste (Teo & Loosemore,
2001). While focussing on the end-user is the easiest way to influence C&D waste —i.e.
by using the power of the demand chain to affect the supply process, given the
fragmented nature of the construction industry, this consideration would appear to be
simplistic. It has been argued that such an approach can be enhanced through the
incorporation of ‘systems view’ of behaviours (Seadon, 2010). It is anticipated that a
systems approach will enhance the understanding around C&D waste minimisation,
which in turns can be used as the basis for further developments in C&D waste

minimisation.

2.2. Waste Minimisation - A Systems Perspective
As shown in Section 2.1.2, successful C&D waste minimisation strategies require both
appropriate technical capabilities and commitments from the management (Wang et al,

2010; Lu & Yuan, 2011). Further, Chapter 1 shows that C&D waste management may
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also depend on the economics of such strategies (Tam & Tam, 2006; Tam, 2010). It
has been argued that the traditional reductionist approach in solid waste management
is no longer capable of handling the complexity required by modern waste minimisation
programmes (Marshall & Farahbakhsh, 2013). In the reductionist view, waste
management processes such as waste generation, waste collection, and waste
disposal are treated as independent operations (Seadon, 2010, p. 1640). Due to this
compartmentalisation, solutions for each process along this chain remain independent
of each other and may not properly address the waste problem (Marshall &
Farahbakhsh, 2013). By contrast, modern waste management and minimisation
strategies require multi-dimensional considerations encompassing social, cultural,
political, and environmental facets. Further, these considerations may be interlinked
and interactive (Seadon, 2010). Therefore, a more holistic framework such as a
systems approach is required to sufficiently address solid waste, including C&D waste,
problems (Marshall & Farahbakhsh, 2013; Business Dictionary, 2015). In other words,
the need for a systems approach in waste minimisation arises from the complexity of

managing and minimising C&D waste streams.

The review of literature has revealed that the systems approach to waste minimisation
is not widely practiced in the construction industry. On balance this is likely due to the
fragmented nature of the construction industry. It has been widely reported that there is
a lack of coordination between construction groups in C&D waste management (i.e.
Fredricsen, 2003; Hu, 2011; Hassan et al, 2012). And as a result, C&D waste
management and minimisation in construction is still ad-hoc (Teo & Loosemore, 2001).
For example, construction designs often do not incorporate prefabricated components

and assemblies that minimise waste (Jaillon et al, 2009). This is a missed opportunity
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because the use of prefabrication could significantly reduce C&D waste in construction

— by up to 52% compared to traditional construction techniques (Jaillon et al, 2009).

Further, it has been reported that there are minimal interactions between the designers
and the material suppliers and between the suppliers and contractors (Dainty & Brooke,
2004; WRAP, 2007, 2009, 2011). This lack of collaboration/interaction between key
project partners is a significant reason for the continued over-ordering of construction
materials as well as the continued wastage throughout the supply chain (Dainty &
Brooke, 2004). These are a few potential issues that are extant in the ‘system’ that
currently exist in the construction industry. For example, contractors are often
incentivised by their suppliers to buy materials in bulk. By doing so, contractors can get
greater discount rates from merchants and suppliers. In turns, this encourages the
contractors to use materials without any disregard for recycling and reuse, as it is

cheaper to buy new materials than to recycle and reuse similar materials.

The above arguments show that there is an urgent need for construction to implement a
systems approach to address its C&D waste. However, given the lack of precedent
cases in this area, the first step is to have a good understanding of C&D waste
minimisation and current practices. Once such an understanding is achieved,
appropriate strategies can be developed to ensure the systems-based C&D waste
minimisation strategies work and deliver values to the intended construction

stakeholders.

The following sections in this chapter will examine in detail concepts associated with

C&D waste minimisation.
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2.3. Research Framework

The requirement of the systems approach means that it is necessary to understand all
facets of waste minimisation in the construction context. This includes overarching
concepts such as ‘Green’ and ‘Sustainability’, as well as C&D waste-specific topics
such as ‘Waste Minimisation’ and its objective: ‘Zero Waste’. It is anticipated that by
reviewing literature in these topics, the researcher can build sufficient knowledge in,
and understanding of, C&D waste minimisation. Moreover, it allows the researcher to

identify challenges and issues that the industry faces in its quest to achieve zero waste.

To help discuss these related topics, this research introduces a framework to help
review literature related to waste minimisation and zero waste systematically (see
Figure 1 overleaf). This framework arises from the researcher’s need to have a holistic
understanding of subjects related to C&D waste minimisation and zero waste. It is
based on the researcher's experience and understanding of the New Zealand
construction industry. This literature review framework has allowed the researcher to

gain a comprehensive understanding of subjects concerning C&D waste.

In this framework, each circle represents a study area (or ‘category’) that is relevant to
C&D waste minimisation. These categories are: Green Construction, Sustainable
Construction, C&D Waste Management, C&D Waste Minimisation and C&D Zero
Waste. Each category is an area of study and can be discussed independently.
However, it is necessary to contextualise the research topic in this manner to provide a

good understanding of issues, challenges and opportunities in C&D waste minimisation.

In this framework, each circle represents a category; and each sub-category is eclipsed

by a larger category (i.e. the outer circles). By employing this approach, the literature
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pertaining to C&D waste could be systematically and thoroughly reviewed in a more

structured manner than it would be otherwise.

Green Construction

Sustainable
Construction

C&D Waste
Management

C&D Waste
Minimisation

C&D Zero
Waste

Figure 1: Holistic Approach to Understanding Zero Waste in New Zealand Construction

2.3.1. Relationships between Categories

Although it is debatable whether Sustainable Construction should be a subset of Green
Construction or vice versa, in this study the former was chosen. Although there are
many similarities between Green Construction and Sustainable Construction, these 2
concepts are not synonymous. The ‘Green’ concept focuses on the environmental

aspects of doing business in construction. It aims to minimise environmental effects of
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construction by promoting ‘green’ practices, regardless of costs and social impacts.
This consideration is a one-dimensional. Further, it can lead to many problems in
construction, including inefficiency and long term liabilities. On the other hand, in
‘Sustainable Construction’, not only does the focus rest on the environmental aspect of
doing business but it also takes in consideration the economic and social aspects of
doing business. This means the concept ‘Sustainable Construction’ is more thorough in
its focus than it is in ‘Green Construction’. For this reason, in this study Sustainable

Construction is considered a subset of Green Construction.

The relationships between other sub-categories are straightforward. ‘Sustainable
Construction’ demands that C&D waste must be appropriately managed. This need
leads to discussions on ‘C&D Waste Management’. As such, C&D Waste Management

is a subset of Sustainable Construction.

Similarly, C&D waste minimisation is a direct consequence of C&D waste management,
because the former focuses on diverting waste from landfill while the latter focuses on
more general waste disposal (which includes waste dumping among considerations)
and waste treatment settings. Thus, the topic C&D Waste Minimisation is a subset of

C&D Waste Management.

Finally, there must be a goal in C&D waste minimisation, and C&D zero waste is an
appropriate target. Therefore C&D Zero Waste is the subset of C&D Waste
Minimisation. The following sections will discuss each of the topics in Figure 1 in detall

in this order.

Detailed discussions using this framework are structured as follows. Section 2.4 will

discuss the ‘Green’ concept, including Green Construction; while Section 2.5 will focus
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on ‘Sustainability’ and ‘Sustainable Construction’. The Sections 2.6 and 2.7 will offer
insights into ‘C&D Waste Management’ and ‘C&D Waste Minimisation’, respectively.
And finally, Section 2.8 will discuss effort to date to achieve ‘Zero Waste’ in industries,

including construction.

2.4. The ‘Green’ Concept

In this section, three areas related to the ‘green’ concept will be discussed. They are:
Green Cities, Green Infrastructure and Green Construction/Buildings. These areas are

relevant to this study, as they are related to the construction industry.

2.4.1. Green Cities

The ‘Green City’ is a relatively new concept (Kahn, 2006). It explores the relationships
between urban developments and the natural environments and how to balance the

developments in cities without having adverse effects on the natural environment.

It has been observed that urban environments often have distinctive biophysical
features compared to rural areas (Gill et al, 2006). Urban areas have higher climates
and hydrological variabilities due to the amplification of energies and increased surface
runoffs of rainwater, respectively. Further, a significant amount of land in, and around,
urban areas is exploited for roads and buildings. Recently, developments of land have
increased significantly worldwide at the expense of the already-limited parks and other
green spaces (Sandstrom, 2002). This increased development has in turns severely

affected the urban biodiversity.
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Due to its focus on the urban environments, the ‘Green City’ concept has gained
significant popularity in recent times, particularly important in densely populated areas
(Sandstrom, 2002; Wolf, 2003; Gill et al, 2006; Kahn, 2006; Tzoulas et al, 2007,
Vandermeulen, 2011; M’lkiugu et al, 2012). As population and urbanisation grow, there
are significant expectations and requirements from citizens for efficient and reliable
infrastructure to deliver essential goods and services. In turns this has put significant

pressures on land and infrastructure uses.

For its part, construction has put significant emphasis on delivering buildings and
infrastructure for commercial, residential and industrial purposes in response to
demands from its clients (Wolf, 2003; Matsuoka & Kaplan, 2008; Bomans et al, 2010).
However, as the city population continue to expect to live in an environment with clean
air and less pollution, construction is also required to adequately respond to this new
expectation. Given the important role construction plays in urban development, green
city seems an appropriate framework for construction to meet all requirements from its

clients.

To date, much effort worldwide has been to explore and understand the green city
concept in great detail. For example, Sandstrom (2002) investigated the applicability of
green city and green infrastructure from a legislative perspective while Wolf (2002)
viewed green space and green city from a social perspective. Although the approaches
of these two researchers are different, they have found that there is still much work to

promote and implement the green city concept.

Taking a different approach, M’lkiugu et al (2012) developed a tool for planners using

landscape metrics and geographic information system (GIS) to analyse urban green
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space (UGS). It was found that there is an urgent need for cities to incorporate green
spaces into urban development (M’lkiugu et al, 2012). To achieve this, there needs to
be a paradigm shift that gives UGS the same or more weight than other physical
development undertakings and policies (M’lkiugu et al, 2012). M’lkiugu et al's (2012)
findings are relevant and important in the context of green city. This is because trees
and green spaces are essential and can be regarded as a living system to support and
enhance the quality of life for urban environments. Thus, it can be argued that by
Improving green space and green infrastructure, a city can fulfil its obligations to provide
environmental, socio-cultural, and economic benefits to its citizens (Sandstrom, 2002;

Wolf, 2003).

2.4.2. Green Infrastructure

‘Green Infrastructure’ is the upgraded concept of ‘Urban Green Space’ (Tzoulas et al,
2007). Originally, the term “green infrastructure” describes a network of natural green
space such as forests, wetlands, waterways, wildlife habitats, parks and other
conservation lands in and around urban and urban-fringe areas (Weber et al, 2006;

Mell, 2008).

Like built infrastructure such as roads and utilities, green infrastructure provides
essential ecological services necessary for city dwellers’ well-being. Ecosystem
services provided by green infrastructure include cleaning the air, filtering and cooling
water, storing and cycling nutrients, conserving and generating soils, pollinating crops
and other plants (Weber et al, 2006). However, the term ‘green infrastructure’ now has
a meaning that is closer to sustainability goals that cities are trying to achieve through a
mix of natural approaches (Foster et al, 2011). Examples of green infrastructure include
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green alleys and streets; urban forestry; green open spaces such as parks and
wetlands; and adapting buildings to better cope with floods and coastal storm surges
(Foster et al, 2011). Therefore, green infrastructure can be considered as a coherent
planning concept comprising of all natural, semi-natural and artificial networks of
multifunctional ecological systems within, around and between urban areas at all spatial

scales (Sandstrom, 2002; Kambites & Owen, 2006; Tzoulas et al, 2007).

It has been observed that if proactively planned, developed, and maintained, green
infrastructure has the potential for effective urban development by integrating economic
growth, nature conservation and public health promotion (Tzoulas et al, 2007; Mell,

2008).

In practice, green infrastructure approaches consist of a mix of new concepts and
technology and traditional “hard” infrastructures to create an enhanced level of urban
sustainability and resilience (Foster et al, 2011). It has been reported that due to its
adaptive capabilities, local governments have started to adopt green infrastructure in
their planning and urban development (see, for example Wolf, 2003; Weber et al, 2006;

Tzoulas et al, 2007; Schilling & Logan, 2008 and Foster et al, 2011).

The review of literature has shown that green infrastructure has been extensively
studied worldwide. Kambites & Owen (2006) studied green infrastructure planning in
the UK and identified a few essential attributes of green infrastructure planning. These
attributes are connectivity in all green infrastructure planning processes; the need for a
partnership, particularly involvement of local communities throughout the process; and

the need to embed green infrastructure planning in democratic and statutory planning
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systems. Moreover, these findings appear to have international relevance and

significance, not just particular to the case of the UK (Kambites & Owen, 2006).

Based on the British experience, many authors attempted to apply this concept to other
parts of the world. Amati & Taylor (2010) focused on the Canadian context, and that of
Toronto, to examine challenges in integrating the concepts green belts with green
infrastructure. Conversely, Qureshi et al (2010) analysed the effects of ecological
disturbances on public health due to high cutback in Karachi’'s green infrastructure.
Both studies found that there is a need to develop a comprehensive urban greening

strategy, which considers the needs and priorities of the population.

In the US, the green infrastructure concept is more welcoming and has been more
widely practiced than the rest of the world (Wise, 2008). Wise (2008) reported green
infrastructure is being up-taken in Seattle, Portland (Oregon), Twin Cities (Minnesota),
Burnsville (Minnesota), Chicago, Milwaukee, Philadelphia, Washington D.C. and
Kansas City. Gill et al (2006) investigated the role of green spaces and green
infrastructure in the adaptation of cities to climate change. Through modelling, Gill et al
(2006) could quantify the potential of the green infrastructure to moderate climate
change impacts in towns and cities. Specifically, the biophysical features of green
space in urban areas (trees, gardens or parks) provide vital ecosystem services for
cities because they offer cooler microclimates to an area and reduce surface water
runoff, and ultimately, offer cities a potential adapt for climate change (Gill et al, 2006).
Similarly, Spatari et al (2011) used life cycle assessment (LCA) to analyse urban green
infrastructure and found that if the concept implemented throughout an urban
watershed, significant cost savings from energy usage can be achieved throughout a

city’s network of water pollution control facilities (Spatari et al, 2011). In a similar
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fashion, Vandermeulen et al (2011) showed that by investing in green infrastructure, not
only can such investments make significant contributions to the environment but it also

creates direct and indirect positive effects for a region.

However, it has been warned that creating green infrastructure is only the first step in
urban planning (Hostetler et al, 2011). To promote and streamline green infrastructure,
more funding and development is needed (Mell, 2008). This means everyone, from
planners, to developers, to researchers, and residents, has a role to play in shifting from

conventional development methodology to green infrastructure (Hostetler et al, 2011).

Overall, the review of literature has shown that to achieve green infrastructure, there
needs to be willingness and appropriate strategies from governments and practitioners.
The construction industry plays a key role to deliver green infrastructure to cities. And
as implied by Hostetler et al (2011), the construction industry needs to shift its focus to
‘greener’ development paradigms to help deliver the green infrastructure obijectives;
and green construction is a solution for the construction industry to meet this

requirement.

2.4.3. Green Construction

As discussed in Sections 2.4.1 and 2.4.2, ‘Green Construction’ plays a key role in
delivering ‘Green Cities’ and ‘Green Infrastructure’. In the construction context, the
‘Green’ concept focuses on construction practices that promotes environmentally-
friendly designs and uses energy efficient materials and equipment to minimise the
adverse effects brought by the construction process to the environment (Kubba, 2009;
Levy, 2009; Kubba, 2010). This means green construction is ‘a process of building

structures using environmentally friendly resources while ensuring the building performs
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efficiently throughout its lifecycle’ (Kats, 2003; Boyle, 2004; Haapio & Viitaniemi, 2008;

Green Building Solutions, 2013).

However, it must be noted there is a significant difference between ‘green buildings’
and ‘green processes’. While the former relies on a rating system such as LEED or Star
Rating to be classified as ‘green’, it is the undertaking of the latter (i.e. to produce a
building) that has the greatest impacts on the environment (Reznick Group, 2009;
Green & May, 2003). In fact, Levin (2000) found that although the industry has steadily
moved towards green building practices, there is little evidence showing such practices
producing less overall environmental damage than the status quo. The result is that
many dubious ‘green’ practices with undetermined environmental impacts have been
accepted and become the norm in construction (Levin, 2000; Kats, 2003; Lam et al,

2010).

It has been reported that the ‘Green Construction’ concept has gained significant
attention over the last decade due to their perceived positive effects on urban
environments (Sandstrom, 2002; Wolf, 2003; Gill et al, 2006; Kahn, 2006; Tzoulas et al,
2007; M’lkiugu et al, 2012). This is because urban growth has put immense pressure on
land uses in cities worldwide; and the ‘green’ concept can help calibrate the

environmental changes caused by such growth (Vandermeulen, 2011).

However, it has been argued that green buildings could be substantially more costly
than conventional ones; so, from the cost-benefit perspective, green construction might
not be attractive to conventional builders or developers (Kats, 2003). This perception

has been a substantial obstacle to a wider adoption of the green methodology.
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Despite this drawback, the review of literature to date has shown that green
construction has had positive impacts on construction (Ofori, 2000; Ahn & Pearce,
2007; Build It Green, 2007; Nielson et al, 2009; Nahmens, 2009; Banawi, 2013). For
instance, Ofori (2000) applied the green idea to construction in Singapore and found
that green procurement with stringent requirements for environmental control and
performance criteria had significantly positive effect on the supply chain of Singaporean
construction. At the same time, Nahmens (2009) contended that green construction is a
natural extension of the ‘Lean Construction’ concept, evidenced by the fact that the
removal of C&D waste from construction processes has become a norm in construction
projects. This argument is dubious because although there are similarities between the
two concepts, green construction places great emphasis on environmentally-friendly
construction practices. On the other hand, lean construction focuses on minimising

wastages in construction processes.

Lam et al (2010) investigated factors that may have significant effects on the
implementation of green specifications in construction. Using a cross-sectional survey
regarding green specifications conducted in Hong Kong in 2007 and extensive
literature, the study found five independent factors affecting green construction,
including 1) technology and techniques, 2) reliability and quality of specification, 3)
leadership and responsibility, 4) stakeholder involvement, and 5) guide and
benchmarking systems (Lam et al, 2010). Upon further analysis, it was found that
different stakeholders tend to have different emphases on the relative importance of
these five factors (Lam et al, 2010). Kats (2003) and Lam et al (2010) show that there

are many things to consider when implementing the green construction concept.
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Overall, it has been shown in literature that significant benefits could be gained by the
construction industry by simply being ‘greener’ (Tam et al, 2004; Ahn & Pearce, 2007;
Venus, 2011). Not only do these benefits come in term of environmental credentials, but
also in term of profitability. Therefore, there is a case for the construction industry to

take part in the ‘green’ movement; and the first step is to manage its waste output.

2.5. Sustainable Construction

2.5.1. Sustainability and Sustainable Development

‘Sustainability’ is defined as “the ability to be sustained, supported, upheld or confirmed”
(Dictionary.com, 2015). In other words, sustainability is the capacity of a natural-social
system to maintain and increase values of environmental, social or economic
components (Manzini et al, 2011). It has been observed that currently there are various
definitions of ‘sustainability’; each with its own meaning depending on the context used
(Glavic & Lukman, 2006; Brochner et al, 2010). As such, ‘sustainability’ can be open to
a wide range of interpretations. A complete history of sustainability is provided by Chiu

(2012).

Sustainable development arose in the 1980’s of the 20" century. In a global context,
‘sustainable development’ mandates that any economic or social developments should
improve the environment (Hendler, 1980; Todorov & Marinova, 2011). Over the last few
decades, this concept has developed from a global political process into a holistic
framework that touches every part of society (Hendler, 1980; Myers, 2005). Broadly,
sustainable development is defined as a process of achieving three interrelated

components: social equity, environmental protection, and economic growth in urban
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development without major compromises to the future generations (WCED, 1987,
Khalfan, 2006; Manzini et al, 2011). These components are often known as the ‘triple
bottom line’. However, sometimes other components such as political, institutional

and/or technical capacity are also considered (Hill & Bowen, 1997).

To date, significant efforts have been made to understand sustainable development.
Hueting & Reijnders (2004) proposed sustainability indicators with additive
characteristics covering economic, social and environmental aspects. Similarly, Manzini
et al (2011) considered environmental, anthropo-centric and bio/eco-centric dimensions
in sustainability and sustainable development. These studies are useful, as they are the

first step to help understand sustainable development.

2.5.2. Sustainable Development in Urban Environments

The emphasis of sustainability and sustainable development is on long-term benefits to
society (Seabrooke et al, 2004). Currently the greatest amount of world resources is
consumed in urban environments. About 78% of carbon emissions come from fossil
fuels burnt to make cement; 76% of industrial wood worldwide is used in metropolitan
areas; and 60% of the water that runs through pipelines is consumed by cities (Mora,
2005). As the driving power for economic and social developments of most countries,
cities constantly require significant resources to fuel its appetite. Therefore, it is

appropriate to consider sustainable development in urban context.

Often professionals such as architects, planners, engineers, philosophers, artists,
sociologists, and economists all have different views on sustainability and sustainable
developments. This is due to their training and practices of these respective disciplines,

thus solutions put forth by each profession. Therefore, to ensure truly sustainable
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solutions can be delivered and applied in the urban environments, there is a need for
holistic frameworks to encourage cross-disciplinary interactions between various
professions and stakeholders (Jones & Jones, 2007). Sustainability and sustainable
development hence encompasses technological means for dealing with environmental
iIssues and includes socio-economic and philosophical considerations (Jones & Jones,

2007).

2.5.3. Sustainability in Construction

Recently, sustainability has been widely adopted by the construction industry worldwide
(Saparauskas & Turskis, 2010). Originally, the term ‘sustainable construction’ was used
to describe the goal of construction of attaining ‘sustainability’ (Edum-Fotwe & Price,
2009; Chen & Chambers, 2010). This means sustainable construction can be thought of
as ‘the industry’s capacity to meet, maintain and improve social, environmental and

economic values for its stakeholders and participants’.

Sustainable construction is closely associated with green construction in many aspects,
especially around environmental responsibilities of construction businesses (Khalfan
2006). But unlike green construction, sustainable construction also considers the

economic social and cultural aspects of doing business in construction.

It has been observed that there is an important distinction between ‘sustainability’ and
‘sustainable construction’. The former is the ultimate objective of sustainable
construction while the latter is the process of achieving such an objective (Abidin &
Pasquire, 2005). To achieve sustainability, the industry must promote cross-disciplinary
collaborations between construction partners (Hill & Bowen, 1997; Persson & Olander,

2004; Khalfan, 2006). And such collaborations start well before construction: from
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planning and design stages and continue throughout the construction of the project.
The collaborations may even extend to the management of the building’s serviceability

during its lifetime (Kubba, 2009).

In theory, sustainable construction processes would force the construction industry to
rethink of its environmental responsibility, social awareness, and economic profitability.
However, due to the fragmented nature of the construction industry, it is not easy to
apply this concept to practice (Adetunji et al, 2003; Lorenz et al, 2006; Chong et al,
2009; du Plessis, 2010). In fact, there is a wide range of factors that can affect
sustainability in construction. They range from micro-level such as specific strategies to
address sustainability and/or the involvement of stakeholders to macro-level such as
economic and/or legal systems which the industry operates in (Bon & Hutchinson,

2000; Adetuniji et al, 2003; Chen & Chambers, 2010).

Besides, construction companies are resistant to changes, particularly around adopting
sustainability practices. This is mainly due to the perceived high costs associated with
such changes (Revell & Blackburn, 2005). This shows economic considerations of
sustainability are high in the agenda within the construction industry. Given that
construction is a labour-intensive-and-low-profit-margin industry, it is understandable

that economic considerations remain at the forefront of its agenda.

Therefore, to promote and encourage the uptake of sustainable construction, the
construction industry must first effectively address the economics of sustainability
strategies. This study contributes to this aspiration by developing a framework to
evaluate the economics of minimising C&D waste. It is anticipated that by

understanding the economics of C&D waste minimisation, appropriate strategies can be
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made to promote waste minimisation and advance sustainability practices in New

Zealand construction.

2.5.4. Sustainability Understanding in Construction

It has been reported that the lack of understanding of sustainability is the main cause
for the lack of progress in sustainability (Hall & Purchase, 2006). Recently, significant
effort has been made to achieve a good understanding of sustainability in construction.
Sustainability considerations are thought to encompass four aspects: environmental,
economic social and cultural dimensions (AUT, 2015). But in construction, sustainability
considerations have mostly focused on environmental aspect because the industry is
one of the largest users of natural resources and one of the largest polluters worldwide
(Hueting & Reijnders, 2004). It has been argued that by influencing construction’s
performances in the environmental aspect will force the industry to place greater value

on other dimensions (economic and/or social) (Haapio & Viitaniemi, 2007; Ding, 2008).

On contrary, it has been argued that the most effective approach is to influence the
economic aspect (Bon & Hutchinson, 2000). This is because the construction industry is
mostly made up of small and medium companies with limited resources (Myers, 2005).
As a result, small companies do not have the capacities to develop and implement
sustainability measures due to the high costs associated with such implementations
(Revell & Blackburn, 2005). Besides, as sustainable construction is an incremental
process, this requires construction companies to have long-term strategic goals
(Bourdeau, 1999; Chong et al, 2009). But construction projects are short-term by
nature. This discrepancy does not permit construction companies, particularly small
companies, to implement sustainability measures in all their projects. Thus having a
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market oriented economic-based system will likely encourage construction companies

to uptake sustainability practices and measures (Bon & Hutchinson, 2000).

To date, many studies have focused on developing metrics to help understand
construction’s aspiration to achieve sustainability. For instance, Rijsberman & van de
Ven (2000) developed a system consisting of four basic elements to assess the
sustainability aspect of design and management of urban water systems. Hueting &
Reijnders (2004) proposed sustainability indicators with additive characteristics to
measure economic and social elements sustainability. Similarly, Persson & Olander
(2004) developed a method to estimate stakeholders’ views on sustainability of
construction projects. Fernandez-Sanchez & Rodriguez-Lopez (2010) developed a
methodology to identify, classify and prioritise sustainability indicators based on risk
management standards. These studies have been helpful in providing construction

resources to achieve sustainability.

Currently there are numerous sustainability indicators used in the building sector
worldwide (Fernandez Sanchez, 2008). They can be broadly divided into 4 main
categories Environmental Impact Assessment tools such as Life Cycle Analysis (LCA)
or Criteria-based tools (CB) or a combination of LCA and CB; Economical Assessment
tools such as Life Cycle Costs (LCC), Cost-Benefit Analysis, Financial Appraisal (FA),
Social Financial Appraisal (SFA), Cost-Revenue Analysis (CRA),Cost-Benefit Analysis
(CBA), and Social Cost-Benefit Analysis (SCBA); Social and Cultural Assessment tools
such as Social Surveys, Questionnaires, Interviews, Statistics; and Multi Criteria
Analysis (Rijsberman & van de Ven, 2000; Persson & Olander, 2004). However, it is
difficult to compare these tools because each was designed for assessing a specific

building type (Haapio & Viitaniemi, 2007). Another problem is each environmental
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assessment tool was developed for a specific purpose (research, consulting, decision
making and maintenance) for a different user group (designers, architects, researchers,
consultants, owners, tenants and authorities). This means there exist errors in the
underlying assumptions and definitions used, their calculations. Consequently, these

errors could significantly affect the assessment results of these sustainability tools.

Perhaps the greatest impacts on understanding sustainability in construction can be
achieved via education (Murray & Cotgrave, 2007). Currently significant emphasis in
construction education at tertiary level remains on the technical know-hows of their
respective disciplines (e.g. architecture, civil engineering, quantity surveying,
surveying). There is little focus on construction sustainability in these syllabuses
although construction sustainability plays a big part in the professional practices of
these disciplines. The result is students, upon completing their formal education at
tertiary providers, will have to be trained in sustainability by their employers. This
double-handling of education is a significant waste to the industry and is, hence, not

ideal from the sustainability perspective.

In response to this demand, many higher education institutions have incorporated
sustainability in their education programmes (Wang, 2009). However, currently there is
no consensus on the operational requirements on sustainability in these programmes.
Instead, materials taught in sustainability courses are based on the instructors’
experiences. Further, there is a degree of resistance from education providers to
include sustainability into their teaching curricula (Murray & Cotgrave, 2007). Therefore,
there is an urgent need for comprehensive guidelines and strategies for education
providers to prepare students with sustainability knowledge and technigues (Wang,

2009). In a case study in New Zealand, Kestle & Rimmer (2010) assessed a student’s
45



CHAPTER 2 - LITERATURE REVIEW

ability to apply relevant and defensible real-time sustainable design and construction to
a concept and found that given sufficient freedom, students could demonstrate an

appropriate level of understanding of sustainability.

Overall, construction’s lack of aspirations to achieve sustainability is universal.
Therefore, there is a need for a major cultural shift to enhance the sector’s respect for
sustainability (Fellows and Liu, 2007; Yip & Poon, 2009). By understanding the culture
of the construction industry, appropriate strategies can be implemented to enhance the
uptake potentials for construction sustainability. One such strategy is to assess the
economic imperatives of minimising construction’s C&D waste outputs. It is indeed a

fundamental rationale for the study reported in this thesis.

2.6. C&D Waste Management

2.6.1. Waste Management Overview

Waste management is a process involves ‘collect, transport, process, dispose and
monitor waste materials to reduce their effect on human health and/or local amenity’
(Ecolife, 2015). Waste in this sense is materials that are produced by human activities
and can be solid, liquid, gaseous or radioactive. It has been observed that waste
generation increases as population and economic developments grow. This means
improper handling of waste can pose significant risks to human health and the
environment (EPA, 2002). Adverse effects of uncontrolled waste disposal and improper
waste handling include water and soil contamination, increased insect and rodent

populations and safety hazards such as fires or explosions.
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The management of solid waste is linked to ‘sustainability’ because not only can a
successful waste management programme help enhance living environments for
communities, it can also help reduce the reliance on virgin resources needed for the
community to function (Hogland & Marques, 2007). There is a long-held view that
materials that are thrown in the trash bins have no values — i.e. it is ‘waste’. However,
from an ecological perspective, leftover materials can be viewed as “resources”
because they can be reused and/or recycled to make new products. In this view, the

‘waste’ problem hence becomes an opportunity for resource extraction (Ecolife, 2015).

Since 1960’s, efforts have been made to develop comprehensive measures to
effectively address the waste problem. This culminated to ‘Integrated Waste
Management’ or IWM, as shown in Figure 2. (Nordone et al, 2009). IWM is a strategy
that aims to combine all fragmented facets of waste management into a holistic
framework. It is thought that this waste management paradigm can provide
environmental sustainability, economic affordability and social acceptance for a region
(EPA, 2002; Nordone et al, 2009; Ecolife, 2015). This systems approach is different to
the traditional waste management paradigm because it allows for appropriate strategies
to be developed to minimise the economic costs while maximising the environmental

and social benefits of a region.

Integrated

Rocyi:ing S e
B oeting Ma ent

Dis I
(Landfilling
and
Combustion)

Figure 2: Integrated Waste Management. Source: EPA (2002)
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To date many studies have investigated solid waste management worldwide. Hogland
& Marques (2007) argued that the basic requirements for a successful waste
management programme are technology and standards for occupational health and
safety (OH&S). Although this view is valid, it is only likely valid for developed countries,
as the costs of purchasing the technologies and the costs of developing OH&S
standards are perceived as being too high by less-developed nations. However,
Shekdar (2009) recently found that the general waste management trend in both
developed and developing economies in Asia is in line with that elsewhere in the world.
It was reported that a handful of developed Asian countries such as Japan and South
Korea are having specific waste minimisation strategies in place; while the rest are
aiming to incorporate the 3R methodologies (reduce, reuse and recycle) in their

practices (Shekdar, 2009).

Nguyen & Schnitzer (2009) investigated solid waste management in Southeast Asia
and proposed a pragmatic model for managing waste for countries in this region. When
applied to a case study in Vietnam, it was found that the model, ‘A zero emissions agro-
based industrial ecosystem (AIZES), is suitable for the food processing industries.
Further, AIZES shows that waste can be reused as resources (Nguyen & Schnitzer,
2009). There are a number of fundamental differences between waste management
models proposed by Shekdar (2009) and Nguyen & Schnitzer (2009) respectively:
whereas the former is conceptual and can provide a framework that Asian nations could
adapt to their needs, the latter is practical and applicable to less-wealthy developing
nations of Southeast Asia. However, these two models can complement each other.
Further, when used together, they are can provide a good framework for solid waste

management.
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2.6.2. Solid Waste Management in Construction

In construction, C&D waste can have significant impacts on the sustainability aspiration
of the whole sector. As mentioned in Section 2.5, most virgin materials currently being
mined is consumed by the construction industry. Any wastage generated by
construction represents a significant dissipation of resources (Hu, 2011). The fact that
C&D waste makes up between 10% and 36% of all landfill waste worldwide means that
construction has a significant problem with its waste (Kartam et al, 2004; Tam, 2007;
Yuan & Shen 2011; Hu, 2011; Hassan et al, 2012). The problem with C&D waste stems
from the fact that it is generated at every stage in the life of a structure (Conlin, 2012;
Hassan et al, 2012). Further, C&D waste can contain many hazardous materials from
chemical and industrial treatments (Wang et al, 2010). This means when C&D waste is
disposed of into landfill it can have major negative impacts on the environment due to
chemical leachate. As a result, there is an urgent need for the construction industry to

manage its solid C&D waste outputs.

2.6.2.1. Classification of C&D Waste

C&D waste can be divided into 2 categories: inert and non-inert materials. Using the
European waste list system, these two broad categories can be broken down to eight
C&D waste types: ‘concrete, bricks, tiles and ceramics’, ‘wood, glass and plastic’,
‘bituminous mixtures, coal tar and tarred products’, ‘metals (including their alloys)’, ‘soil
(including excavated soil from contaminated sites), stones and dredging spoil’,
‘insulation materials and asbestos-containing construction materials’, ‘gypsum-based
construction material’ and ‘other construction material’ (Lu et al, 2011). Similarly, New

Zealand has its own classification consisting of nine main types of C&D waste. These
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classifications are useful because they allow for effective tracking and accurate
measurements of material wasted in construction projects (Fatta et al, 2003; Osmani et

al, 2008; Osmani, 2011; Yuan & Shen, 2011).

2.6.2.2. Recent Investigations in C&D Waste Management

To date there have been several studies aiming to promote the management of solid
C&D waste in construction worldwide. For instance, Jaillon et al (2008) found that waste
can be reduced significantly using compared to the conventional stick-built system. It
has been reported that up to 52% of C&D waste could be reduced using prefabrication
(Jaillon et al, 2008). This means a wider use of prefabrication could significantly reduce
the amount of waste generated in the Hong Kong building industry. Similarly, Poon et al
(2004) provided a detailed framework for managing and minimising building waste. As
evidenced by its successful applications in five housing projects, this framework could
potentially benefit the construction industry significantly (Poon et al, 2004). Kofoworola
& Gheewala (2009) developed a useful model to quantify the amount of C&D waste
generated in Thailand’s construction industry. With appropriate modifications, this
model could be useful, and applicable, to New Zealand construction. However, this
model lacks necessary rigour due to it not being applied to many cases. This is the
model’s weakness and cautions are needed when applying it to New Zealand. In Spain,
a waste management model called the Alcores model was introduced to control, treat
and reuse C&D waste in real time (Solis-Guzman et al, 2009). The Alcores model is
more useful than one proposed by Kofoworola & Gheewala (2009) in that it has been
successfully tested in Seville. But again, cautions need to be taken when attempting to
implement this model in New Zealand because calibrations or modifications might still

be required.
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Recently, Llatas (2011) introduced a model for quantification of project construction
waste in accordance to the waste list of Europe. This model is superior to both Solis-
Guzman et al (2009) and Kofoworola & Gheewala (2009) because it is more systematic
and structured in its approach than the previous 2 (Llatas, 2011). Specifically, Llatas
(2011)’s model provided a classification system of C&D waste and related variables
such as quantification factors for building elements (constructive characteristics and
building materials). Another advantage of Llatas (2011)’s model over the other 2 models
is that it can be easily adapted for use in other countries without too much tweaking and
users can use create a C&D waste database from this model for monitoring purposes

(Llatas, 2011).

2.6.2.3. C&D Waste Management Systems Dynamics

With the development of advanced computer technologies, an increasing number of
authors have opted for simulations to study C&D waste (see, for example Shen & Tam,
2002; Love et al, 2002; Hao et al, 2007; Osmani et al, 2008; Osmani, 2011; Lu et al,
2011; Li et al, 2012; Yuan, 2012 or Ye et al, 2012). Of all simulation modelling tools,
systems dynamics seems to be the preferred choice. This is perhaps due to systems
dynamics’ ability to deal with complex issues involving social, economic and their
interactions (Ding, 2007; Ye et al, 2012). It was found that systems dynamics can aid
decision makers and practitioners to understand the complexity of information and
processes in managing C&D waste (Hao et al, 2007). Moreover, systems dynamics
could deepen the understanding about relationships in C&D waste
management/reduction strategies C&D (Yuan et al, 2011). For example, Zhao et al
(2011) applied systems dynamics to study the economic feasibility of a C&D waste

recycling centre. It was found that major factors affecting economic feasibility of the
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project include unit cost and potential profits of the plant as well as additional revenues

from location advantage (Zhao et al, 2011).

Although systems dynamics is a powerful tool, it is unsuitable for this PhD study. To
successfully use a systems dynamics simulation, there is a requirement for reliable
guantitative and quantitative data (Hao et al, 2007). Qualitative data are often collected
via series of workshops or in-depth discussions while quantitative information must be
presented in a clear and consistent format. However, the dynamics of this specific
research, i.e. evaluating economics of C&D waste management strategies in New
Zealand, means that to utilise systems dynamics as a mean of solution would expand
the scope of the data acquisition process to make it unrealistic for the problem as

defined.

2.6.2.4. Challenges and Opportunities in C&D Waste Management

In theory, waste management practices differ between construction types (e.g.
residential, industrial and commercial) and between locations (e.g. developed countries
and developing nations). However, in practice, waste management strategies like
Waste Hierarchy, Source Reduction, Extended Producer Responsibility or User/Polluter
Pays Principle are often implemented, as they can ensure waste generators meet their

obligations under legislative requirements (BMA, 2009).

It has also been reported that the applications of C&D waste management have had
varying degrees of success. McDonald & Smithers (1998) found that when compared
with a similar project, waste-focussed projects could offer the stakeholders substantial
savings. This shows that by having a well thought-through waste management plan can

offer significantly benefits. McDonald & Smithers’ (1998) results was later supported by
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Shen & Tam (2002) and later Tam (2007), with both studies confirmed that having a
waste management plan in construction can significantly improve the success rates of

reducing and reusing C&D waste.

However, the main barriers for implementation of C&D waste management are 1) the
lack of incentives offered to contractors; and 2) the relatively high costs associated with
such implementations (Shen & Tam, 2002; Kartam et al, 2004; Tam, 2007). Due to
these barriers, construction still has significant impacts on the environments. For
instance, in the Hong Kong construction industry in 2004, as high as 42 projects under
study (out of 69) did not have any measures to collect and separate C&D wastes while
44 projects did not use recycled building materials in any form (Wong & Yip, 2004). The
review of literature to date has revealed that cost and financial considerations related to
C&D waste management remain universal and unchanged in the psych of people
involved in construction across the world. However, if the construction industry is
committed to managing its C&D waste outputs, it can be postulated that savings such

as those reported in McDonald & Smithers (1998) are achievable.

An additional benefit of C&D waste management that is often ignored is a close
relationship between C&D waste management and onsite productivity. Dainty & Brooke
(2004) found that when waste management programmes were used on high-profile
projects, productivity, site safety and project profit margins were all achieved. The
benefits of a good C&D waste management could also extend beyond the construction
sector (Peng et al, 2010). It has been reported that a recovery and recycling of C&D
waste programme could achieve two goals: first it created more jobs for the local
population in Thailand; and second, at the same time it reduced the energy

consumption in the same location (Kofoworola & Gheewala, 2009). Therefore, for a
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waste management programme to succeed, the focus should rest on long-term benefits

to be gained instead of the associated short-term expenses (Shen & Tam, 2002).

Overall, there have been many applications of C&D waste management in construction.
However, the degree of success varies significantly from project to project. This is due
mainly to the fragmented nature of the construction industry. Nevertheless, such efforts
are the positive sign, as it shows the sector has realised the importance of, and its
responsibilities for, managing impacts of its operations. However, to ensure a full
understanding of C&D waste management is achieved, there is a need to show that
significant economic values can be generated from managing C&D waste. This is

indeed a fundamental rationale for the study reported in this thesis.

2.7. C&D Waste Minimisation

As presented in the Figure 1, C&D waste minimisation is a sub-category of C&D waste
management. Currently, there is an urgent need for the construction industry to rethink
its C&D waste management strategies. Predominantly, C&D waste results from internal
industry processes, mostly from the sector's requirements, and waste, of natural
resources (Osmani, 2011; Hu, 2011). Waste minimisation can arguably help

construction to be more efficient and sustainable long term.

2.7.1. Proposals for C&D Waste Reduction

The analysis of the literature body collected for this research has found that recent
effort has mostly focused on the following 10 areas: Waste quantification and
evaluation, Waste reduction by design, On-site construction waste sorting

methods/techniques, Data collection models (flows and mapping of wastes),
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Improvements of on-site waste management practices, Reuse/recycle of construction
waste, Benefits of waste minimisation, Waste minimisation guides, Attitudes towards

construction waste, Comparative waste management studies.

These findings are consistent with those of Osmani’s (2012). The three research
themes identified in Osmani (2012) but were not included here are: ‘Procurement
strategies to suit waste minimisation’; ‘Impact of legislation on waste management
practices’ and ‘Development of on-site waste auditing and assessment tools’. This
minor deviation is due to the different approaches of the two studies: Osmani (2012)’s
study focused on policies of C&D waste management and minimisation; whereas the

research contained in this thesis focuses on economics of C&D waste minimisation.

It has been suggested that C&D waste minimisation could be achieved by having good
relationship with stakeholders throughout the project life (Farinan & Caban, 1998;
Treloar et al, 2003; Dainty & Brooke, 2004; Khalfan, 2006; Kubba, 2009). In the
researcher’s opinion, this is idealistic. In theory, this idea could significantly reduce
onsite waste. However, in practice it is difficult to attain due to the industry’s
fragmentation. Besides, the applicability of this idea in construction is currently unclear.
The fragmentation problem in construction is nothing new. For this to work, it will

require a total change in the industry’s mind-set.

The fragmented nature of construction is known to be the main hindrance for the
implementation of such a collaborative framework. As construction is mostly made up of
small construction companies working in a low profit margin and competitive market,
time and costs are often at their key considerations. Often a collaborative framework

such as one proposed by the above authors requires significant investments, in terms
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of time and money, from the involved partners. Therefore, small construction
companies may be deterred by this idea. However, this observation is entirely based on
the researcher’s experience and knowledge in New Zealand construction. But the lack
of literature on this subject matter means that there is an urgent need for investigations
into this area. Such an investigation is worthwhile because it can provide construction a
good understanding of relationship between sizes of construction companies and
willingness to participate in collaborative framework to reduce C&D waste in the
residential construction sector. This understanding can in turns help the construction
industry to develop appropriate strategies to enhance the uptake of C&D waste

minimisation in the construction industry.

Similarly, Saunders & Wynn (2004) suggested that having appropriate training for site
personnel could significantly improve reduce waste. Although Saunders & Wynn
(2004)'s C&D waste reduction proposal is not new, it requires a significant effort and
commitment from the industry. Currently in construction, training and education is a
costly component for companies so it is often not done systematically to minimise on-
going costs. Such one-off training may not be effective, as it lacks the depth and
context to properly educate tradesmen of values and benefits of waste reduction.
Hence, there must be a concerted effort by all stakeholders for such a training
programme to be effective. As an example, Lingard et al (2010) showed that goal
setting and feedback should be included in a waste management programme because
they can help improve the project's overall efficiency and waste reduction

performances.

56



CHAPTER 2 - LITERATURE REVIEW

2.7.2. Recent C&D Waste Minimisation Programmes Worldwide

In terms of programmes to help the construction industry address C&D waste
minimisation, there have been several waste minimisation programmes available
worldwide. Some typical examples include SMARTWaste (McGrath, 2001) or REBRI
(BRANZ, 2013). However, one thing that has impeded the uptake of tools such as
SMARTWaste or REBRI is the construction industry’s reluctance to implement new
ideas and systems. One exception is the case in New South Wales, Australia, where an
umbrella waste management programme called Sustainability Advantage has been in
operation and achieved critical successes not only in construction but also in other

sectors (Environmental NSW, 2014).

More practically, Lingard et al (2010), Hu (2011) and Osmani (2011) showed that waste
could be significantly reduced by implementing integrated design and construction.
Similarly, Treloar et al (2003) suggested techniques such as life-cycle analysis (LCA) or
life-cycle costing (LCC) could be employed at early stages of the construction process
to inform stakeholders of values of C&D waste management. Although such whole-of-
life perspectives are useful, it is unclear in Treloar et al (2003) that they were used in
residential construction, i.e. the focus of Treloar et al (2003)’s study. Perhaps LCA and
LCC are more beneficial for decision-makers in large construction projects than they
are in smaller ones, e.g. residential construction. But currently there is no way to verify
this assumption, as little evidence can be found in the body of literature for this study.

This is a gap in knowledge and future studies can be undertaken to explore this area.
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2.7.3. Lean Construction as a C&D Waste Minimisation Method

In the last 25 years, significant emphasis has been put on Lean Construction as a way
to minimise C&D waste. Lean construction is an adaptation of lean manufacturing
principle to construction (Arleroth & Kristensson, 2011). There are 3 overarching lean
construction frameworks: Last Planner, Target Value Design, and Lean Project Delivery
System (Ballard, 2000; Howell, 2001; Macomber & Barberio, 2007; Cleves & Michel,
2007; Ballard, 2008; Ballard, 2008; Al Sehaima et al, 2009; Hamzed & Bergstrom,
2010; Zimina & Pasquire, 2012; O’'Connor & Swain, 2013). Recently, several authors
have introduced other techniques to be used in conjunction with Lean Construction.
These techniques include Concurrent Engineering (Paez et al, 2005) and Building

Information Modelling (Khanzode et al, 2006; Osmani, 2011; Coates & Kaushik, 2013).

Overall, it has been found that used correctly, lean construction can offer significant
benefits to construction while reducing unnecessary waste (see, for instance Soward,
2007). Table 2 below indicates the project stages where these 3 frameworks have

greatest impacts.

Table 2: Lean Construction and its Impacts

Lean Construction Method Stage of greatest impacts
Last Planner System Planning
Design
Target Value Design Design
Procurement
BIM Integration Design
Life-Cycle Considerations Construction
Lean Project Delivery System Manufacturing (onsite and offsite)
Construction
Concurrent Engineering Manufacturing
Construction
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Despite the benefits that lean construction can offer, the uptake of this concept in
construction has been slow. Currently there is no argument and/or explanation as to
why this is the case. This is a knowledge gap that needs to be addressed urgently.
Perhaps this knowledge gap is a factor that contributes to lean construction not being
viewed as an attractive option for construction companies, as it fits into the ‘too-much-
work-to-implement-but-commercially-uncertain’ category. Commercial uncertainty in this
sense means that construction companies may view lean construction as a novelty
method, i.e. one which does not offer them significant competitive advantages over their
competitions simply by implementing it. This shows that in order for lean construction,
or any waste minimisation-focussed systems, to be accepted and implemented by the
construction industry, they should offer construction companies compelling economic

reasons for implementation.

However, the review of literature to date has revealed there is a lack of tools and
techniques to aid such economic considerations. This is another gap in the body of
knowledge and one that needs to be addressed urgently. An understanding of factors
impeding the widespread uptake of lean construction would help the construction
industry to establish appropriate strategies to address such factors. It is anticipated that
once lean construction is used by the construction industry, it can help the industry to

address its C&D waste issues.

Despite its usefulness in accounting for C&D waste, lean construction is not a suitable
method for this study. The dynamics of this research means that effort should be
focused on developing an economic evaluation framework to assess the economics of

C&D waste management strategies in New Zealand. This requirement means that to
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employ lean construction as a mean of solution would expand the scope of the data

acquisition process to make it unrealistic for the problem as defined.

2.8. Zero Waste

According to the conceptual C&D waste model presented in Figure 1, zero waste is the
goal of C&D waste minimisation. This is also a universal and accepted understanding
worldwide (Curran & Williams, 2012). Theoretically, ‘zero waste’ is a philosophy that
aims to alter the current patterns of resource usage to minimise and reduce waste to
zero (Whitlock et al, 2007; Connett, 2008; Young et al, 2010). However, currently there
is no single definition of ‘zero waste’ and each author defines ‘zero waste’ differently to

suit their own agendas (Phillips et al, 2011). This is a weakness of this theory.

In theory, zero waste can be achieved through 100% recycling or reusing materials. But
in practice, 100% efficient use of materials is not possible. So, zero waste is understood
as a new standard for systems efficiency and integration (Whitlock et al, 2007; Curran &
Williams, 2012). In this context, waste can be thought of as ‘residual products’ or

‘potential resources’. This means zero waste is a logical aspiration of sustainability.

2.8.1. Recent History

The term “zero waste” was first used publicly as the name of a company, Zero Waste
Systems Incorporated (ZWSI), in 1974 in Oakland, California (Palmer, 2013). ZWSI’
main activity was trading reusable laboratory chemicals in California as well as
repackaging and reselling by-products from other industries (Zaman & Lehmann, 2011).

As ZWSI was the only company in the world working in this business at that time, it was
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well-recognised internationally (Palmer, 2013). Consequently, the term Zero Waste has

been widely used as a vision and goal for society (Palmer, 2013).

However, zero waste is sometimes considered as a direct result of Integrated Waste
Management (ZeroWaste, 2011). In fact, a complete history of Zero Waste was
provided in a report funded by the European Economic Commission (ZeroWaste,

2011).

Since 1980’s, ‘zero waste’ has become a powerful environmental initiative worldwide
(Snow & Dickinson, 2001). In New Zealand, the zero-waste concept has been widely
accepted since its introduction, with over one third of New Zealand'’s local authorities

have now set targets of zero waste to landfill (Snow & Dickinson, 2001).

From its conception, the ‘zero waste’ philosophy has challenged people’s
understanding and practices around waste management and waste minimisation (ZWA,

2013).

In the ‘traditional’ waste minimisation framework, majority of waste is often disposed of
in landfill or incinerators. For example, it has been reported that in the USA alone, 7.6
billion tons of non-hazardous industrial waste were generated and managed annually in
landfills (GM, 2012). Not only is this approach wasteful, expensive and harmful for
environment, it has not kept pace with the scale, persistence and toxicity of the waste

(ZWA, 2013).

To the contrary, zero waste suggests that ‘waste’ should be thought of as ‘residual

products’ or ‘potential resources’ in a continuous, integrated, closed-loop system.

By reconceptualising waste as resources, society in general is in a win-win situation.

This is because not only do zero waste practices support employment, business
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innovation and ‘green growth’, such practices can also help significantly reduce energy
and water usage, green-house gas (GHG) emissions, pollution and loss of bio-diversity
(AUMA, 2012). Moreover, waste, now viewed as resources, can be conserved, used
efficiently and recycled back into the economy. Opportunities that zero waste can offer
include reduced costs, increased profits, and reduced environmental impacts when
using these ‘resources’ as inputs to natural or industrial systems. This further enhances

the wealth of the society (ZWA, 2015).

2.8.2. The Zero Waste Paradigm

It has been widely agreed that waste disposal and waste minimisation are the first and
second generations of resource planning, respectively. Zero waste can hence be
thought of as the third generation of resource planning (ZWI, 2015). It has been
suggested that to reach Zero Waste, waste prevention must be the new focus instead
of simply focusing on management of waste (Doppelt et al, 1999). According to zero
waste, the best way to avoid waste is to reuse everything perpetually. In this sense,

zero waste aims to wring maximum efficiency from the use of resources (ZWA, 2013).

However, this goal can only be achieved if ‘reuse’ is designed into products right from
the start, i.e. attentions need to be paid to the whole lifecycle of products (Green Peace,
2002). This is a different perspective to recycling, where the designers often have the
notion of ‘discard’ in mind when designing a product. As a result, current ‘extract, use
and discard’ systems squander valuable resources while creating an accumulating debt

of damage to land, air, water resources and biodiversity (Doppelt et al, 1999).

Due to the limited literature on zero waste in the construction context, discussions about

zero waste will include zero waste studies pertaining to other industries. This ensures
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sufficient knowledge and understanding on this subject matter can be achieved. In
particular, zero waste discussions at three levels are made to provide a good
understanding of this subject matter. They are discussions of zero waste at: national

level, regional level and industry level.

2.8.3. Zero Waste Considerations at a National Level

The concept of zero waste has been accepted and implemented worldwide. Currently at
the national level, many countries have specific regulations and strategies to achieve
Zero Waste (Connett, 2008; Curran & Williams, 2012). These countries include Italy,
Germany and France, Japan, New Zealand and Australia, Canada and the USA. The
use of regulations and policies to help achieve zero waste is largely a top-down
approach. At the national level, this is perhaps the only way which the government
could influence the behaviours of stakeholders and help drive the implementation of the
concept (Liss, 2000). Indeed, it has been reported that through governments’ effective
introductions and controls of environmental policies and waste incentive programmes,
many success stories about waste reduction and elimination have emerged around the
world (Connett, 2008; Young et al, 2010; Snyman & Vorster, 2011; Phillips et al, 2011

or the GAIA Report - Allen et al, 2012).

In addition, there have been many methods developed to measure, quantify and track
zero waste. Whitlock et al (2007) suggest that ‘Value Chain Analysis’ should be utilised
to study the paradigm shift to zero waste. This is a commonly-used tool in waste water
treatment and one could provide decision-makers an understanding of drivers affecting
zero waste (Whitlock et al, 2007). Similarly, Curran & Williams (2012) argued that a

closed-loop model like that used in the ZeroWIN Project might be appropriate for
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eliminating, preventing industrial waste. Curran & Williams’ (2012) model is depicted in

Figure 3 below.
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Figure 3: Close-loop model of the ZeroWIN Project. Source: Curran & Williams (2012)

Perhaps the most convincing model currently available is one proposed by the
Department of Environment, Food and Rural Affairs (Defra) in the UK (Phillips et al,
2011). In this framework, a phased development was proposed to achieve zero waste
objectives in England by 2014 (Phillips et al, 2011). Since 2007, a zero-waste initiative
called ‘Zero Waste Places’ was implemented in 6 locations with numerous sizes across
England. It was reported in 2011 that most case studies met or even exceeded their

initial zero waste objectives (Phillips et al, 2011).

Some strategies discussed in Phillips et al (2011) are like those in studies and

documents in New Zealand regarding zero waste (e.g., Snow and Dickinson, 2001 or
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Ministry for the Environment, 2010). These similarities may be due to the fact that New

Zealand often looks to England as a ‘big brother’ in terms of policies and goal settings.

Currently, there are issues in New Zealand that have prevented high adoption rates of
zero waste in the country (MfE, 2010). There is a severe lack of information regarding
size, composition and effects of waste to the New Zealand environment. Without this
information, it is difficult for New Zealand to establish baseline objectives for waste

minimisation and zero waste.

Also, the geography of New Zealand, where towns and cities are dispersed, means that
significant wastage is inherent in the supply chains of all goods and materials in the
New Zealand economy. This wastage is in forms of infrastructure and energy, as large
infrastructures are required to service small communities. Further, given New Zealand
is a small, unreliable and uneconomical market for recycled materials, it does not
currently have any economic schemes to encourage adoption of zero waste. The lack
of economic schemes may be a crucial factor contributing to the low adoption rate of
zero waste in New Zealand (Liss, 2000). Therefore, New Zealand can learn from
experience of other countries to establish appropriate strategies to encourage the

adoption of zero waste policies in the country.

One significant example is the case of Taiwan. Taiwan’s specific waste minimisation
approach includes six specific strategies, namely: regulatory amendments,
consumption education, financial incentives, technical support, public awareness and
stepwise target reviews. It was reported that after 4 years of implementing the zero-
waste system (2003-2007), Taiwan’s municipal solid waste outputs were reduced by

37%, which far exceeded the original target of 25% reduction. At the same time, Taiwan
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could minimise its industrial waste outputs by 76% (Young et al, 2010). Although this
achievement is impressive, one must be cautious when looking at statistics figures like
these. This is because although the waste reduction is significant, over the same period
a large portion of Taiwan’s manufacturing capabilities were moved to China (Michigan
State University, 2013). In the researcher’s opinion, this movement of industrial and
manufacturing capacity between Taiwan and China could skew Taiwan’s waste
statistics somehow. Despite this, Taiwan is on a proper path to achieve zero waste, with
many useful strategies and suggestions have been proposed to help drive the country

towards its goal (Young et al, 2010).

Overall, the review of literature pertaining to zero waste at the national level has
revealed that the concept is well-perceived and adopted worldwide. But each country
needs to be selective of appropriate approaches to take to achieve its successful zero

waste goals.

2.8.4. Zero Waste Concept at the Regional Level

Like undertaking at a national level, zero waste has also been widely adopted at
regional level. In Los Angeles, 62% of the city’s waste is recycled; while San Francisco
has established itself as the global leader in waste management, with 77%-80% of the
city’s waste is recycled and reused (Allen et al, 2012; PBS, 2013). In Italy, it has been
reported that even relatively small cities like Novara (population 100,000) near Turin
has managed to reach the reduction rate of 70% in very short time - 18 months
(Connett, 2008). In Canada, a growing number of municipalities are adopting a Zero
Waste as a long-term goal that drives management decisions (AUMA, 2012). For

instance, it was reported that people at many municipalities are encouraged to reduce
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waste such as disposable foodware; and instead, reuse, recycle, and compost all such
resources whenever applicable (AUMA, 2012). Many other successful cases in
implementing zero waste can be found in studies extensively focussing on, or pertaining
to, zero waste such as Connett (2008), Zaman & Lehmann (2011), Lehmann (2011) or

Allen et al (2012).

In New Zealand, the Opotiki District Council was the first regional council to adopt a
Zero Waste policy. The council has 5 Resource Recovery Centres; and which together,
have consistently diverted 90% of waste from landfill since 1999 (Knight, 2007).
Recently, it has been reported that Auckland Council has adopted zero waste strategy
as well. Specifically, Auckland has set a detailed plan for managing and minimising
waste, with targets of reducing up to 30% of domestic and in-house council rubbish by
2018 and ultimately, reducing 30% of all waste to landfill by 2027, including C&D waste
(Auckland Council, 2012). Although these waste reduction goals of Auckland Council
are insignificant in comparison to zero waste set out elsewhere (such as those by
Austin Council in Austin, Texas (ARRPM, 2013)), they are ambitious due to Auckland’s
size in the New Zealand setting. However, based on recent success stories of zero
waste implementation in cities worldwide, it is anticipated that Auckland’s goals in zero

waste could be achievable.

It must be noted that to achieve zero waste, there must be clear guidance as well as
incentives to change waste behaviours of all stakeholders and encourage for the uptake
of sustainable waste management strategies (Liss, 2000). Since all this comes with a
cost to the local authorities, there needs to be holistic and integrated waste
management systems in place so the local authorities can make appropriate plans

(Zotos et al, 2009).
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Similarly, Zaman & Lehmann (2011) demonstrated that a holistic waste management
framework could help cities to work towards “zero waste” objectives. Such a holistic
framework must encompass relevant tools, systems, and technologies. Further, the
framework must be affordable, practicable, and effective within their local regulations
(Zaman & Lehmann, 2011). It was anticipated that this model could be applicable to

industrialising Asian and African nations as well as Australia.

Overall, these works all have a major limitation in that they do not offer any specific
recommendations about the operational requirements and objectives for having a zero-

waste strategy at municipal levels.

Municipal solid waste is comprised of many types of waste; of which C&D waste is
composed of about 30%-40% (Wang et al, 2010; Yuan & Shen, 2011). By not having a
specific recommendation on how to manage and/or reduce this waste stream is a major
weakness of the above-mentioned municipal zero waste studies. It has been shown
that having appropriate technology and guiding principles (through regulations and
policies) are of utmost importance if a city wants to reach a zero-waste objective

(Snyman & Vorster, 2011).

2.8.5. Zero Waste at Industry Level

The review of literature to date has revealed that there is a limited body of knowledge
on zero waste at industry level. This lack of studies at this level is perhaps due to the

complexity in reporting zero waste at the industry level.

At the national or regional levels, authorities can introduce and pass

directives/legislations regarding zero waste. In effect, a national or regional body can
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amalgamate related (or sometimes, distantly related) industries together and establish
zero waste strategies without having to worry about how each industry works in order to

achieve such strategies.

However, at the industry level, each sector is specific about the way it operates; so it is
not possible to amalgamate practices of different sectors together. As an example, the
construction sector is comprised of many subsectors (inter alia building, civil,
infrastructure) and companies of all sizes operating within or across each sector; each
of these subsectors or companies have their own specific ways of working. That makes
it difficult for the industry body to implement or impose/enforce a complex strategy such
as zero waste to the whole sector using a top-down approach because it may not be
able to pinpoint exactly what needs to be done, and how, in order to achieve zero waste

for that specific sector.

In the current setting for this research, zero waste studies pertaining to construction are
of most interest. However, due to the limited number of zero waste studies in the
industry, zero waste cases from other sectors have been included to draw analogous

findings for comparisons.

2.8.5.1. Zero Waste Studies in Manufacturing Industry

Some of the earliest studies concerning zero waste at the industry level are Mason et al
(2003) and Kumar et al (2005). Although the former is descriptive in nature, it could

nevertheless be considered as an impetus for achieving zero waste for universities.

In principle, Kumar et al (2005) agreed with Mason et al (2003) that there needs to be a
close interactions and integration approaches between stakeholders. However, the

research settings of Kumar et al’s (2005) research are different to those of Mason et
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al’s (2003) study. Whereas Mason et al (2003) focused on the education sector, Kumar

et al (2005) studied the manufacturing industry.

It was found that for the manufacturing industry to achieve zero waste successfully, it
must overcome a number of industry-specific barriers and challenges (Kumar et al,
2005). These challenges range from social and environmental considerations; to
techno-centric issues around product design, manufacturing and recovery technologies;
and finally to end user-related matters such as economics of products and/or users’
usage patterns (Kumar et al, 2005). It was further found that the most sustainable
recovery option is reusing the whole product because it adheres to the central themes
of zero waste (Kumar et al, 2005). However, the some results of this study may not be
generalisable and applicable to the construction industry because not every product in
construction (e.g. building or building part) is fully reusable as in the case of
manufacturing industry. In spite of that drawback, Kumar et al (2005)’s findings related
to challenges facing an industry in the quest of, becoming zero waste is nonetheless

highly relevant to the construction setting.

Similarly (still in the manufacturing sector), Ball et al (2009) examined challenges in
designing and developing a zero carbon manufacturing facility. It was found it is
technically viable to achieve a zero carbon objective by smartly integrating flows of

material, energy and waste in the manufacturing process (Ball et al, 2009).

Overall, Kumar et al (2005) and Ball et al (2009) have demonstrated that although it is
possible to achieve zero waste via technologies alone, careful considerations must be
given to this approach because it is an expensive path to achieve zero waste. At the

same time, the true long-term success of the techno-centric approach is not fully

70



CHAPTER 2 - LITERATURE REVIEW

secured, as takes out the equation considerations for human’s waste behaviours.
Therefore, in the researcher’s opinion, a sustainable path towards zero waste must

include a combination of technology, metrics and policies.

Recently, a number of major manufacturing companies including Kodak, Ford, GM,
Chrysler and 3M all have specific policies and plans for improving their designs in order
to allow for easy recycling and reusing of their end products (ZeroWaste, 2011). For
instance, it has been reported that as of 2011, more than 90% of the waste generated
at GM’s worldwide manufacturing facilities was recycles or reused (GM, 2012).
Consequently, GM has been continual recognised for its outstanding waste reduction
by the U.S. EPA (GM, 2012). This is indeed a significant achievement and one which
shows the feasibility and viability of a zero waste policy. Similarly in New Zealand,
Fonterra has managed to divert over 75% of waste from its nationwide operations,
including the complete removal of dirty plastic from its waste streams (Knight, 2007). In
another example, a recent waste audit at Counties Power, which operates between
southern Papakura and North Waikato regions, showed that majority of material used
by the company could be diverted from landfill. In turns, Counties Power could

potentially save up to $50,000 per annum in waste disposal (Knight, 2007).

2.8.5.2. Zero Waste Studies in Construction Industry

In the construction context, although there has been significant effort in minimising
adverse physical effects of the industry on the environment, i.e. solid C&D waste (i.e. Li
et al, 2005 or Poon et al, 2010), the ‘zero waste’ concept still does not seem to get any
traction (Osmani, 2011). It has been argued that by reducing C&D waste, construction
could potentially experience significant benefits, both in terms of performance and cost

savings (Lingard et al, 2010). But this requires every stakeholder in the construction
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supply chain to be proactive in promoting and practicing waste minimisation so that
waste minimisation/zero waste schemes can be effective and self-sustaining (Osmani,
2011). Moreover, construction and the government need to collaborate closely to
establish a framework to promote and encourage waste reduction as well as associated
enforcement methods (Snyman & Vorster, 2011). It has been shown that such a close
collaboration between the industry and the government could offer mutual benefits,
because while the industry could improve its image of pursuing a better environment,
the government gets closer to its national or regional zero waste objectives (Young et

al, 2010).

As mentioned earlier, although the number of studies pertaining to zero waste in
construction is relatively small in comparison to those in other industries, there is a
growing attention given to this issue by construction researchers. In 2002, Alexander
(2002) studied the opportunities and resources needed for successful zero waste
implementation in the hotel industry and found that in order for it to be implemented,
there needs to be a tight integration across the whole sector. It was shown that by
having monitoring systems and standards in place, ‘green hotel’ could be achieved in

many countries and locations around the world (Alexander, 2002).

Rubinstein (2012) developed a guideline to achieving the zero C&D waste for builders
and contractors. It was anticipated that by following the steps outlined in this study, a
safer and waste-free worksite could be the reality in the construction sector (Rubinstein,

2012).

At a technical level, Kinuthia & Nidzam (2011) investigated the opportunity for the

construction sector to move towards zero industrial waste by reusing brick dust.

72



CHAPTER 2 - LITERATURE REVIEW

Through laboratory testing and experiments, Kinuthia & Nidzam (2011) showed that this
technology works well and could be used as a material for infrastructure construction.
Further, the technology is shown to be sustainable in both economic and environmental
terms (Kinuthia & Nidzam, 2011). This study is particularly helpful in convincing the
sector to be more sustainable since it has provided a proof that if appropriate effort and
technologies are utilised, a zero-waste objective in construction could totally be

achieved.

2.8.5.3. Zero Waste Literature Findings

Overall, the body of knowledge regarding zero waste is small, with few technical
publications available worldwide. Most of current literature on zero waste tends to
describe zero waste rather than offering any real insights into the concept. As such,

there is significant knowledge gap that needs to be filled.

In the construction context, there is even smaller portion of literature pertaining to zero
waste that is available. This research is one of the first studies worldwide to explore
zero waste in construction, aiming to assess economics of zero waste in this context.
Findings of this research will enhance the construction industry’s understanding of zero
waste and its benefits. Further, it is anticipated that this study can help enrich the

current general body of knowledge in zero waste.

2.9. C&D Waste: Economic Considerations
For C&D waste minimisation to become a normal practice in construction, there is a
requirement for construction companies to pay attention to the environmental, social

and economic aspects of their businesses (Lu & Yuan, 2010; Yuan, 2012). This triple-
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bottom line (TBL) approach can offer construction companies significant benefits,
including tangible benefits (such as cost reductions) as well as intangible benefits (such

as improved public image) (Chung & Lo, 2002; Tam, 2010).

The main consideration for undertaking C&D waste minimisation is its economics.
These economic considerations include costs of waste (Peng et al, 2010) and cost of
implementation (Shen & Tam, 2002; Kartam et al, 2004; Tam, 2007), as well as the
returns on such investments. It has been shown that although it is possible to reuse and
recycle most C&D waste using current technologies, waste minimisation in construction
still fails to achieve its objectives due to the lack of necessary commercial arguments
for its implementation (Ball et al, 2009). Without being shown the commercial
imperatives of minimising C&D waste, construction stakeholders are unlikely to change
their wasteful attitudes and behaviours to implement C&D waste minimisation

strategies.

This finding shows that financial considerations related to waste management are
universal and have remained unchanged in the psyche of people in construction. This is
the fundamental rationale for undertaking the research reported in this thesis. It is
anticipated that based on this study appropriate strategies can be established in the

New Zealand construction industry to reduce C&D waste.

Recently, much effort has been made to evaluate the economics of C&D waste
management and minimisation. For instance, Yahya & Boussabaine (2006) proposed a
framework to assess eco-costs of construction waste programmes while Begum et al
(2006) provided useful cost-benefit analysis model to evaluate economics performance

of Malaysian construction’s waste minimisation. Similarly, Tam & Tam (2008) provided
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a step-wise incentive scheme to evaluate the economics of C&D waste strategies. This
model has proven to be effective in encouraging C&D waste minimisation practices in

Hong Kong (Tam & Tam, 2008).

As money is a key driver in a waste minimisation strategy, there needs to be
instruments to enhance its effectiveness. These instruments can be ‘push’ factors such
as industry-focused legislations and/or performance standards. Alternatively, they can

be ‘pull’ factors such as incentives and subsidies.

In the ‘push’ category, it has been shown that C&D waste-specific landfill and levy
charges help reduce levels of waste generated significantly (Sealey et al, 2001; MfE,
2009; Yu et al, 2013). Actions in the ‘push’ category are often mandated by governance
bodies such as the government or industry bodies. However, these organisations can
only implement a strategy if they see values in doing so; and often such values

predominantly include economic considerations.

By contrast, in the ‘pull’ category it has been shown that with right incentive schemes,
significant volumes of C&D waste can be eliminated (Tam & Tam, 2008). Unlike in the
‘push’ category, actions to introduce incentives or penalties can be undertaken by
anyone in the supply chain. For example, in a project the client could introduce
penalties to cut cost and to ensure contractors deliver projects to the required
standards. At the same time, the client may offer incentives to motivate contractors to
deliver project goals quickly or timely. In return, the contractor may use penalties to
pass on the cost to their sub-contractors and suppliers. Alternatively, the contractor may
pass on a fraction of incentives received to their sub-contractors and suppliers to

motivate them or to establish a working relationship with their sub-contractors. In
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construction, often only the costs associated with a C&D waste management strategy is
guaranteed to be passed down the supply chain line, as companies look to minimise
their risks. While on the other hand the financial benefits may be introduced for a
specific reason and as the client side sees fit. Currently there is a lack of incentive and
penalty schemes in New Zealand to encourage the construction industry to manage

and minimise its waste outputs.

Being a major waste generator in New Zealand, the construction industry can do more
to minimise waste; and in turns, be a good promoter of waste minimisation. It is
anticipated that based on the results of this research, appropriate pathways can be
formulated to guide and ensure the New Zealand construction industry meet its

sustainability objectives.

2.10. Knowledge Gaps

Through the review of the literature, a few knowledge gaps have been identified.

2.10.1. Definition of C&D waste in New Zealand

As mentioned in Section 1.1, currently there is a lack of definitions of C&D waste
worldwide. This lack of definition for C&D waste has many implications in New Zealand.
First, the lack of a uniform C&D waste definition in New Zealand contributes to the lack
of understanding of C&D waste compositions. Without a clear idea of C&D waste

compositions, it is difficult to formulate strategies to address C&D waste streams.

Second, the lack of C&D waste definitions means that waste may be classified

differently between locations, leading to varying waste minimisation practices. The
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result is C&D waste management/minimisation efforts at one location may not be

applicable to other locations, thus exacerbating the C&D waste problems further.

To overcome this challenge, this research introduced a definition of C&D waste in
Section 1.2. This definition of C&D waste was specific for this study and was introduced
to avoid any potential ambiguity in, and associated with, all work reported in this thesis.
Although the definition of C&D waste offered here is specific to this study, it is

anticipated that it contributes to the current knowledge in C&D waste minimisation.

2.10.2. Motivators for C&D waste minimisation

Through reviewing the literature, it can be argued that without a good understanding of
the factors affecting C&D waste minimisation, it is difficult to develop appropriate
strategies that could be adopted by all construction stakeholders. In New Zealand,
currently there is no existing literature that specifies the motivators that drive C&D
waste minimisation strategies. This is a missed opportunity and one which this research

could partially address.

Based on the existing literature and the researcher’'s experience in the New Zealand
construction industry, it could be contended that a lack of incentive and penalty
schemes in New Zealand has discouraged construction to minimise its C&D waste. This
is purely a speculation and will require further researches to investigate it. In this study,

this speculation is not tested, as it is outside the scope of this research.

It can also be contended that a collaborative working environment is a key motivator in
C&D waste minimisation. It has been shown in the literature that to successfully
implement a C&D waste minimisation strategy, there is a requirement that construction

stakeholders must work together collaboratively. However, currently there is a lack of a
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collaborative framework in New Zealand construction. This lack of collaboration in New
Zealand is due to the industry’s fragmentation. As such, there is an urgent need to
investigate the relationship between company sizes and its willingness to participate in
collaborative framework to reduce C&D waste. This understanding can help New

Zealand construction to develop appropriate strategies for C&D waste minimisation.

2.10.3. Economic evaluation of C&D waste minimisation

The literature review demonstrates that currently there is no existing economic
framework for the evaluation of the economics of C&D waste minimisation strategies in
New Zealand construction. In a way, this knowledge gap is a direct result of the first
knowledge gap. However, it is perhaps as important as, if not more important than, the
former. This is because the lack of economic evaluation methods to assess the
economics of C&D waste minimisation strategies is the main reason construction

continues to do nothing about its C&D waste issues.

Further, the literature review indicates that there are currently a number of economic
models concerning C&D waste management and minimisation (e.g. Covec, 2007; Tam
& Tam, 2008; Jain, 2012; Coelho & de Brito, 2012; Dajadian & Koch, 2014; Fadiya et al,
2014; Abdelhamid, 2014; Marzouk & Azab, 2014; Wang et al, 2014). However, these
models could not sufficiently address a key issue: how to identify 1) the optimal C&D
waste minimisation strategies and 2) the optimal C&D waste reduction rate. This is a
major knowledge gap in the current understanding of C&D waste minimisation
economics which needs to be addressed. This is indeed the fundamental rationale for

the research reported in this thesis.
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2.11. Conclusion
This chapter has discussed in detail C&D waste and its related areas. In particular,
topics that have been touched upon in this chapter include Green Construction,
Sustainable Construction, C&D Waste Management, C&D Waste Minimisation and
Zero Waste. Green Construction and Sustainable Construction are wide-ranging
research topics; and they have provided sufficient background to the study reported in
this thesis. This is mainly due to these concepts’ broad focuses on minimising adverse

environmental effects of construction.

Overall, there have been many techniques and methods proposed in the literature
regarding C&D waste minimisation. However, it has been found through the literature
review that to ensure the long-term viability of any C&D waste minimisation strategies,
the construction industry must be convinced of the economics of such strategies. This is
because money considerations are still a key consideration in construction thinking.
Therefore, the strategies need to demonstrate commercial imperatives for them to be

implemented.

Zero waste is the final topic discussed in this chapter. In a way, zero waste is the goal
of waste minimisation. It was shown thorough the review of literature that this topic is
still in its infancy, with limited publications dedicated to this area of research. With
recycling and reusing waste as its focus, the ‘zero waste’ concept indeed suits the
purpose of this study well. Due to the limited literature in the body of knowledge of zero

waste, there is no study to date that investigates the economics of implementing it. This
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is indeed a gap in knowledge that needs to be filled; and this study is in an appropriate

position to facilitate it.

To understand the economics of C&D waste minimisation strategies, there is an urgent
need to understand methods used in the economic evaluation process. This area of
knowledge will be discussed in Chapter 3. Discussions of economic evaluation methods
will provide a good understanding of the techniques available and their suitability for this

study.
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CHAPTER 3 - AN OVERVIEW OF ECONOMIC EVALUATION
METHODS

81



CHAPTER 3 — ECONOMIC EVALUATION METHOD OVERVIEW

Chapter 2 has provided an understanding of issues related to C&D waste and C&D
waste minimisation. It was found in Chapter 2 that there is a need to evaluate the
economics of C&D waste minimisation strategies in New Zealand. To this end, there is
an urgent need to understand economic evaluation techniques that are available and

their suitability to this research. This is the purpose of this chapter.

3.1. Introduction

Economic evaluation is a process involves establishing, modelling, analysing and
recommending courses of action to help achieve an economic objective. It is a complex
process in which critical factors such as costs, risks and returns are thoroughly
analysed and evaluated. Investment decisions are then made based on the economic
analysis (Dimitrakopoulos and Abdel Sabour 2007; Steffen et al. 2008; Topal 2008;
Card 2009). It has been observed that by considering various alternative options,
economic evaluations can help decision makers add significant values to a strategy for

a relatively small cost (Mackenzie and Cusworth, 2006).

This chapter provides readers a general understanding of economic evaluation
methods. Subsequently appropriate economic evaluation methods for this research will

be chosen in section 3.9.
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3.2. Nature of this Research
The question of whether this study should take a macroeconomic approach or a
microeconomic approach is one which the researcher has been grappled with since the

beginning of this research journey.

On the one hand, to ensure a waste minimisation strategy for the construction industry
to be successful, this research needs to take a big-picture view of the issues related to
C&D waste and C&D waste minimisation in New Zealand construction in order to
develop a framework to evaluate its economics accordingly. This means a

macroeconomic vision is required.

On the other hand, since the New Zealand construction industry is made up mostly of
small companies with limited resources. As a result, large-scale or industry-wide C&D
waste minimisation programmes are often the main deterrent to small construction
companies, given the relatively high costs associated with such implementations. This
means only a selected few companies with resources can afford to have

comprehensive C&D waste management programmes.

Besides due to the fragmented nature of the New Zealand construction industry, the
uptake C&D waste minimisation largely depends on the willingness of construction
companies. It is therefore difficult to implement such programme industry-wide without

buy-ins from the construction companies.

Often, the implementation a C&D waste minimisation strategy is on a case-by-case

basis and is highly dependent on the specific nature and requirements of each project.

Considering the above reasons, the researcher concluded that it is appropriate to

consider this research at the microeconomic level.
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3.3 Economic Evaluation Method Overview

All available economic evaluation tools originate from the financial industry, where they
are used extensively to value investments and their respective risks and returns

(Maybee, 2010).

There are many economic evaluation methods available and their complexity depends
on the problems at hand. Highly complex economic evaluation tools include
econometrics and complex systems while simple economic evaluation techniques are
payback period and break-even analyses. In this study, the problem of evaluating the
economics of zero waste in the building construction context means that the chosen

economic evaluation tool must satisfy two fundamental conditions.

First, the economic evaluation framework developed in this research must be user-
friendly. The New Zealand building industry is made up mostly of small- to-medium size
companies who have different aims and objectives. Due to their limited size and
resources, these companies often require seeing values in waste minimisation before
committing their resources to take part in such a strategy. This requirement means that
the framework developed in this research must be easy to use. This allows companies

to adapt the framework to suit their needs

Second, as shown in Chapter 2, C&D waste consists of many waste streams. And there
are many interacting factors that may affect a waste minimisation strategy. As a result,
the framework developed in this research should be flexible enough to evaluate the
economics of waste minimisation strategies for diverse types of C&D waste streams

under various situations. This means the economic evaluation tool must be able to
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process new information as they emerge and model it without major modification and

tweaking of existing economic models.

The two fundamental requirements above mean that highly complex methods such as
econometrics and complex systems modelling are unsuitable for this research. This is
because both methods are highly specialised and require a high degree of technical
capability in economic theory to operate. Further, as additional information emerges,
these methods are incapable of processing it without the involvement of major

remodelling work.

Therefore, due to the specific requirement of this study and the limitation posed by
techniques such as econometrics and systems modelling, this research will focus on

more traditional economic evaluation techniques instead.

However, this chapter only discusses five traditional economic evaluation categories.

This is to ensure the scope of the study remains manageable. These categories are:

e Financial Analysis (FA)

e Benefit-Cost Analysis (BCA)

e Economic impact analysis (EIA)

e Cost Effectiveness Analysis (CEA)

e Fiscal Impact Analysis (FIA)

Economic evaluation techniques in these five categories will be refined further to

choose the most appropriate evaluation methods for this research.
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3.3. Financial Analysis (FA)

Financial analysis is an umbrella term comprising various techniques and methods
used to evaluate projects or strategies. Common economic evaluation tools in this
category include, but not limited to, Payback Period, Internal Rate of Return, Net

Present Value and Real Options.

This section will discuss these methods in detail to provide a good understanding of
their strengths and weaknesses. Subsequently, arguments will be made regarding the

most appropriate methods to be used in this study.

3.3.1.Payback Period (PBP)

Payback Period (PBP) is ‘the time required for the capital outlay to be repaid’. In other
words, it is the estimated time taken for the project to produce profits equals to the initial

capital.

However, this approach is theoretically flawed due to several shortcomings. First, PBP
is not a discounting technique, as it does not account for the time value of money or the
opportunity cost (Topal, 2008). Second, PBP only considers a relatively fixed time
horizon on investment; and this may cause biases towards investments with long-term
benefits (Abdel Sabour & Poulin, 2006). Despite being a commonly used evaluation
techniques, PBP could provide ambiguous results in situations where the sign of the
cash flows switch between positive and negative more than once (Maybee 2010). While
PBP is used as a “sanity check”, the method does not provide a good platform to rank

multiple alternatives (Lee and Strang, 2003a).
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Recently, improvements to PBP have been made. Discounted PBP (DPBP) is a
reformulated evaluation technique that is Net Present Value (NPV)-compatible and
capable of producing results that recognise the entire project cash flow (Hajdasinski,
2012). The advantage of this approach over the traditional PBP is its ability to convey
informative facts for investment decision making purposes. The reformulation also
provides a means of ranking mutually exclusive alternatives through the evaluation of

projects based on their differential cash flows (Maybee, 2010).

Recently another method has been introduced by Alesii (2006). In this novel approach,
PBP is combined with Internal Rate of Return (IRR) to reduce their weaknesses (Alesii,
2006). Overall, Alesii’s (2006) method could provide results that are consistent with the

NPV-based techniques.

3.3.2.Internal Rate of Return (IRR)

Internal rate of return (IRR) is another evaluation technique often used in financial
analysis. IRR is often used to measure and compare the profitability of investments: the

higher the IRR of a project, the more desirable it is.

IRR is the rate at which the net present value of inflow cash equals the present value of
outflow cash. IRR could offer valuable insight into the vyielding rate or return on
investment of a project. This technique is very widely used. For example, more than half
of mining companies in 1994 used IRR for project valuation while 40% using net

present value (NPV) (Hajdasinski, 2012).
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3.3.3.Net Present Value (NPV)

NPV is arguably the most widely used economic evaluation technique for decades
(Dimitrakopoulos & Sabour, 2007; Topal, 2008). It is a standard evaluation technique in

many industries.

In this method, all future cash flows are estimated and discounted to the present day’s
value using an appropriate discount rate. NPV is the sum of all discounted future cash
flows. NPV method is used for dual purpose. First, NPV is used as an economic
evaluation tool to place a value on a project. At the same time, NPV is used as a
decision-making tool to guide managers and decision makers to choose between

alternatives, i.e. a project with highest NPV values (among alternatives) is accepted.

In NPV method, discount rates have significant effect on the value of a project: a small
change in the discount rate can cause a large change in NPV values. Further, choosing
the appropriate discount rate is probably the most difficult and uncertain part of NPV
methodology. As a result, NPV’s reliability is often questioned (Xie, 2010). It is often
found that NPV undervalues projects because it 1) lacks the ability to account for
different types of uncertainties and risks in such projects and 2) fails to price flexibility
inherently exists in the management of risky assets (Topal, 2008). By including time-
value-of-money and risk discounting in one single discount rate, the single-rate NPV
approach is inherently biased against high-margin/long-life assets with large capital
requirements and a bias towards low-margin/short-life assets with low capital
investment (Lai & Stange, 2009b). Therefore, variable discount rates should be used in
NPV calculations (Blais et al, 2007; Pietersz, 2011). Another drawback of NPV as an

evaluation tool is its implicit assumption of the certainty regarding future cash flow over
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the life of the project (Fox, 2008). Often, effects of cyclical fluctuation capital and
operating costs are ignored in NPV method. Even though smoothing these can make it
easy for NPV calculations, these factors indeed change constantly and will affect the

project value long term (Martinez, 2009).

The final pitfall of NPV is its built-in assumption that a manager is passive in decision-
making (Dimitrakopoulos & Sabour, 2007). That is managers are ‘victims of
circumstances’ with no ability to affect positive improvements in cash flows et cetera
during the operation of the asset. This is in contrast to reality, where managers have
significant flexibility (Maybee, 2010). And once the project starts, the manager have
discretions concerning all aspects of the project, from design to sourcing of materials to
production methods (Martinez, 2009). However, the consensus for making decisions
based on this technique is to undertake the investments with positive NPVs and reject
those with negative NPVs (Sabour & Poulin, 2006). With immediate
acceptance/rejection, NPV ignores the value of options such as
deference/abandonment or expansion/contraction/shut down of the investment.
Therefore, it must be careful when using and interpreting results of NPV evaluation

method (Fox, 2008; Pietersz, 2011).

3.3.4.Real Options (RO)

RO is considered an improvement of NPV. It is an adoption of the financial industry’s
Options Theory to real-life projects in construction, mining or oil & gas industries
(Borison, 2003). Like its financial counterpart, a real option is the right, but not the
obligation, to undertake business decisions. It has mainly used to evaluate investments
with significant uncertainty because under uncertain conditions, RO performs better
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than the conventional NPV due to the inclusion of management flexibility
(Dimitrakopoulos, 2010; Birge, 2012). This managerial flexibility provides opportunities

to maximise the upside potential while limiting the downside losses.

Construction investments, like other real-life investments, have three important
characteristics. First, investment is partially or completely irreversible. This means once
project investments are made, their capital costs become totally or partially sunk.
Second, there is uncertainty over the future return from the investment. It is difficult, if
not impossible, to predict accurately the levels of tenancy in any commercial or building
projects at the commencement of the project. Finally, the management have a degree
of flexibility in timing the investment. In any construction company, the management
can choose if, and when, to invest in a project that meets the company objectives.
However, NPV cannot incorporate these three characteristics (Yang & Blyth 2007). RO
adjusts risk within cash flows while NPV adjusts risk by aggregating cash flows. This
small difference allows RO to differentiate assets according to their unique risk
characteristics, while the conventional NPV approach cannot (Samis et al, 2006).
Another advantage of RO over NPV is the way it handles discount rates: while NPV
uses risk-adjusted discount rate, RO uses a risk-free rate or lending rate when risk-free
rate is not available (Smith & McCardle, 1996; Walls, 2004; Martinez, 2009). Therefore,
RO vyields higher values than conventional NPV method. Although the difference in risk
adjustment between the NPV and RO appears to be a nuance, RO allows management
to use market information to determine value of risks (Samis et al, 2007). In the
absence of flexibility, the only difference between NPV and RO is the manner of
accounting for the effect of cash flow uncertainty on asset value. It has been

recommended against scraping altogether the traditional NPV method, as the
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advantages of RO over NPV are not fully proven (Dimitrakopoulos & Sabour, 2007).
Nonetheless, RO has become a useful tool for decision-making (Barman & Nash,

2007).

3.3.5.FA method used in this research

In the FA methodology, the PBP technique does not account for time value of money.
This is a major drawback because a waste minimisation strategy can take a long time to
reap the benefits. And PBP’s inability to account for time value of the money spent on

such a strategy may limit the economic understanding of such a strategy significantly.

Similarly, due to an uncertainty around the benefits or returns associated with a waste
minimisation strategy, it can be difficult to project or estimate the expected rate of return
(IRR) for such a strategy. In practice, if the required IRR is too high, companies may be
shied away from such an implementation due to their fear of not achieving it. But on the
other hand, if the IRR is too low, companies may not be so keen to invest in a risky

strategy consisting of high upfront cost with uncertain and low returns.

As a relatively new economic evaluation technique, real options (RO) has not been
widely used and understood by the construction industry. This is perhaps due to it being
relatively more complex than NPV in calculating the final values. According to the first
fundamental requirement for economic evaluation framework set out in Section 3.2

above, RO is not suitable for this research.

NPV is chosen method as a preferred economic evaluation method in this research.
NPV is sufficient in this study because it is a widely-used and well-understood
technique by construction professionals. This allows the study to convey its concept

and findings to a wide range of audience in the New Zealand construction industry.
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3.4. Economic Impact Analysis (EIA)

EIA is an economic evaluation technique that focuses on providing the estimated
economic contributions or benefits of a strategy to the surrounding communities where
the strategy is applicable as well as the general economies (see, for example, Bellu &
Pansini, 2009; Impact Datasource, 2009; PwC, 2012; Loftsgaarden & Derczo, 2013).
The economic impacts can be broadly divided into 3 categories: direct impacts, indirect

impacts and induced impacts (Weisbrod & Weisbrod, 1997; Knapp, 2001).

Direct impacts are the direct results of the strategy under study such as the number of
jobs created as a result of the strategy implementation or amount of salaries and wages
generated by the strategy implementation. Alternatively, direct impacts can be
measured by business outputs (such as volumes of sales) or added value (such as

taxes or gross regional product).

Unlike direct impacts, indirect impacts are ‘second round’ impacts that would only
happen if the strategy were implemented. Indirect impacts can be measured by the
number of jobs created in the supply chain i.e. those created by suppliers and
subcontractors to meet strategy’s demand. It can also be measured through business
outputs such as amount of income which is generated from suppliers’ purchasing goods
and services or the added values such as taxes as a result of the purchase of goods

and services by suppliers.

Finally, induced impacts are the result of people spending their disposable incomes at
the household level. These disposable incomes can be wages and salaries earned by

people.
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The sum of these 3 categories of economic impacts is the ‘total economic impact’ of a
strategy. The outputs of an EIA are typically used to demonstrate the economic
importance of a strategy to a range of stakeholders including government, community
and organisations. Therefore, the economic impact analysis can be powerful tool to

build support from stakeholders (EPA, 2010; PwC, 2012)

In term of methods used in the EIA, there are 2 types: the input-output model (/O
model) and economic simulations. The I/O model often relies on inter-industry data to
determine the economic impacts of the strategy on the regional economy. Some
examples of I/0O models used for economic impact analyses are IMPLAN and MITEIM
(Mulkey & Hodges, 2012). On the other hand, economic simulations often rely on
econometric and general equilibrium models to determine the economic impacts of the
strategy. As a result, this type of EIA models is complex and requires expert knowledge
in econometrics. In addition, economic simulations often require significant data. One
example of economic simulation type is the REMI Model (REMI, 2015). Between the 2

EIA methods, the I/O model is more widely used.

As a macroeconomic evaluation tool, EIA may not be applicable to this research. A
detailed evaluation of economic evaluation tools in section 3.8 will provide further

insight into this matter.

3.5. Benefit-Cost Analysis (BCA)

BCA is an economic evaluation method aiming to systematically and fairly estimate the

strengths and weaknesses of competing options or strategies (AmStat, 2006). In BCA,
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the benefits and costs of the proposed strategies is determined and quantified into
dollar values. These monetary terms are often adjusted for the time value of money
(Europa, 2008). The economic efficiency of each strategy is compared against each
other using a benefit-to-cost ratio. Based on the benefit-cost ratio of each option, the
decision-maker can choose a strategy that best suits their requirements. BCA provides
decision makers with a consistent and effective way to assess the merits of alternative

strategies to make sound decisions

BCA can be used either as a stand-alone evaluation technique or in conjunction with
other economic evaluation methods such as cost-effectiveness analysis, risk-benefit
analysis, economic impact analysis and fiscal impact analysis. Due to its versatility,
BCA is widely used by both the government and private sectors (OECD, 2006; Cellini &
Kee, 2010). In New Zealand, BCA is the standard economic evaluation technique
employed by the New Zealand Transport Agency (NZTA). Recently NZTA has
published an economic evaluation manual with BCA as the central evaluation theme
(NZTA, 2013). All transport-related publications from the Agency have used BCA as the

standard measure (e.g. Leung et al., 2013; Opus, 2015).

BCA has many advantages, including the ability to provide well-educated estimates of
the best option among alternatives. However, due to the difficulty of estimating all costs
and benefits accurately, careful and thorough considerations are recommended when

using BCA results (OECD, 2006).

As a flexible economic evaluation tool, BCA may be suitable for this research. A
detailed evaluation of economic evaluation tools in section 3.8 will provide further

insight into this matter.
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3.6. Cost Effectiveness Analysis (CEA)
Like BCA, CEA is an economic evaluation technique that relates the costs of a
programme to its key outcomes or benefits (Cellini & Kee, 2010). CEA works by
benchmarking the cost of each strategy against the unit of effectiveness (or output). A
programme is considered ‘cost-effective’ if it can present a bargain in relation to its
competitors for the same amount of resources (Pinkerton et al., 2002). In this sense,
CEA is best suited for comparison between alternatives that can deliver similar benefits.
CEA is often used in lieu of BCA when the benefits are difficult to evaluate, e.g. safety,

health or perceptions (WHO, 2003; Jamison, 2006; Phillips, 2009).

However, due to the difficulty to estimate ‘effectiveness’, it has been recommended that
CEA should be used in conjunction with other economic evaluation techniques such as

sensitivity analysis, BCA or EIA (Phillips, 2009; Cellini & Kee, 2010; Europa. 2014).

As a flexible economic evaluation tool, CEA may be suitable in this study. A detailed
evaluation of economic evaluation tools in section 3.8 will provide further insight into

this matter.

3.7. Fiscal Impact Analysis (FIA)

Fiscal impact analysis is a tool often used by the local government to compare the costs
incurred in the developments of policies, strategies or projects against the revenues
generated from such developments (Atlanta, 2009). It is similar to the cash flow
analysis used by the private sector since it projects the public sector's cash flows

resulted from the proposed developments. A FIA should reflect the strategy’s capital
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costs, operating expenses and revenue in detail (Kotval & Mullin, 2006). This is in
contrast to an Economic Impact Analysis, as the latter only evaluates direct and indirect
impacts (such as new jobs, real disposable income and consumer spending) on the

overall economy.

The advantage of FIA is the technique can provide officials with detailed forecast of a
strategy or project. However, its drawback is that it requires significant data to obtain

refined estimates (Harrison & French, 2000, SmartGrowth America, 2013).

As a macroeconomic evaluation tool, FIA may not be applicable to this research. A
detailed evaluation of economic evaluation tools in section 3.8 will provide further

insight into this matter.

3.8. Chosen Economic Evaluation Methods in this Study

3.8.1. Evaluation of Methods

All four categories of economic evaluation tools described in this chapter are useful.
Further, they all have their respective strengths and weaknesses. As a result, careful

considerations are needed when choosing them for economic evaluations.

In this study, the chosen economic evaluation tools must meet two fundamental criteria
set out in Section 3.2. As a result, there is a need to evaluate the economic evaluation
techniques to ensure they are suitable for the context of this research and in

accordance with the above fundamental criteria.

For this purpose, several criteria are introduced to help the evaluation. These criteria

are unique to this research for two reasons.
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First, they focus on the research problems of this study - to addressing the economics
of C&D waste management. This criterion is important because it ensures the chosen

economic evaluation methods are suitable to address the research context.

Second, the criteria introduced here closely follow the theme of the first fundamental
criterion set in Section 3.2. This ensures the chosen economic evaluation methods

meet the research requirements of this study.
These criteria are:

e The ability of the economic evaluation tool to consider economics of C&D
waste management strategies at macro level

e The ability of the economic evaluation tool to consider economics of C&D
waste management strategies at micro level

e The ability of the economic evaluation tool to compare economic efficiencies
of C&D waste management strategies

e The ability of the economic evaluation tool to assess economic viability of
each strategy

e The ability of the economic evaluation tool to provide indications to achieve

economic objectives

Table 3 below summarises the comparison of economic evaluation methods.

97



CHAPTER 3 — ECONOMIC EVALUATION METHOD OVERVIEW

Table 3: Comparison of Economic Evaluation Methods

Criterion NPV | EIA | BCA | CEA | FIA

Ability to consider economics of C&D waste management v v v v v
strategies at macro level

Ability to consider economics of C&D waste management v x v v x
strategies at micro level

Ability to compare economic efficiencies of C&D waste v v v v x
management strategies

Ability to assess economic viability of each strategy v v v v v
Ability to provide indications to achieve economic objectives v v v v x

3.8.2. Choice of Economic Evaluation Methods for this Research

It can be seen from the evaluation in Table 2 that EIA and FIA are mainly applicable to
macroeconomic evaluations of strategies (also as shown in their descriptions in
Sections 3.2 and 3.6, respectively). This is in contrast with the other evaluation
methodologies, where they can be applied to the evaluation of strategies at both
microeconomic and macroeconomic levels. As argued in Section 3.7, the problem
presented in this research is microeconomic in nature. This means EIA and FIA are not

appropriate methods for this research.

This means the three economic evaluation methods that meet all criteria set by this

study and will be employed in this study are NPV, BCA and CEA.
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NPV is used wherever applicable to account for the time value of money. Due to its
versatility, NPV will allow the framework to be used widely in the New Zealand

construction industry.

BCA is used to compare the economic efficiency of C&D waste minimisation strategies.
It is anticipated that this information can be used to formulate appropriate strategies to

address C&D waste.

Finally, CEA is used to compare the cost efficiency C&D waste management strategies.
By using CEA in conjunction with BCA, the research can provide sufficiently detailed
information regarding the most economically optimal C&D waste minimisation

strategies.

3.9. C&D Waste Economic Models — A Comparison

To ensure the economic evaluation framework developed above is unique, it is
necessary to compare this framework with those in other studies. Recently, Dajadian &
Koch (2014) discussed several costing models for C&D waste management. These
models were basic and did not consider the values gained from C&D waste
management. This is unlike the economic framework developed in this thesis, where
both costs and benefits associated with C&D waste minimisation are taken into account

and evaluated accordingly.

Similarly, Fadiya et al (2014) introduced a model to estimate the cost of construction
waste. Fadiya et al's (2014) model has several similarities to the costing calculations in
the framework developed in this research, including those for unit cost calculations and

cost of waste. However, unlike the costing model in this study, Fadiya et al's (2014)
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cost of waste did not consider cost of design-out-waste, cost of waste policy, cost of
waste collection, cost of recycling waste, cost of reusing waste and cost of energy. This

was Fadiya et al's (2014) drawback and has been addressed by this research.

Taking a distinct perspective, Tam & Tam (2008) focused on the benefit side of C&D
waste minimisation. In their study, Tam & Tam’s (2008) study focused on incentive
schemes as the main mechanisms to motivate C&D waste minimisation. Tam & Tam’s
(2008) work was relevant to this study. In fact, it provided the researcher some basic
steps in formulating calculations for economic evaluation purposes. As a result, it was
used a reference in the development of the economic evaluation framework in this
study. The weakness of Tam & Tam’s (2008) work is its inability to provide an objective
evaluation of waste minimisation strategies, as it did not consider the costs associated

with such strategies.

In his work, Jain (2012) offered a robust economic framework taking into consideration
both costs and benefits of C& waste management. Jain’s (2012) approach is different to
other studies discussed in this section thus far. In fact, this approach is like one offered
in this study. However, unlike this study, Jain’s (2012) is descriptive in nature, as it only
outlined the main cost and benefit components without showing their detailed
calculations. Further, Jain’s (2012) costing model did not consider three key
components: the cost of design-out-waste, the cost of waste policy and the cost of

energy. Jain’s (2012) drawbacks have been largely addressed in this study.

In 2007, Covec Limited was commissioned by the Ministry for the Environment to
conduct a cost — benefit analysis of recycling waste in New Zealand. On the surface,

Covec’s (2007) study and the current research appear to take a similar path. However,
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Covec’s (2007) study covered a wide range of waste, including household waste, C&D
waste and industrial waste. Further, Covec’s (2007) underlying conceptual framework is
much different to that of this study’s. Whereas the benefit component in Covec’s (2007)
covered three aspects (landfill costs, collection for landfill and ‘other’), the benefit
component of this study cover four areas: cost saving of materials, cost savings on
waste generation, cost saving from reusing and recycling and revenue from selling
construction recycled materials. Similarly, the cost component of Covec’s (2007) study
only covered two areas (collection and sorting) whereas the cost component of this
study is much more comprehensive, covering eight areas: design-out-waste, waste
policy, waste collection, waste disposal, recycling, reusing waste, energy and waste
material. Further, the calculations in Covec’s (2007) were descriptive in nature, making
it difficult to understand derivations of costs and benefits. Like all studies above, all of

Covec’s (2007) weaknesses have been rectified in this research.

Aside from similar studies to this research, there are a number of studies that are useful
for the development of economic evaluation this research. They include the work of
Coelho & de Brito (2012), Abdelhamid (2014), Marzouk & Azab (2014), Wang et al
(2014). Although these studies did not address the economics of C&D waste
minimisation, collectively they have provided the researcher an in-depth understanding

of issues and factors affecting C&D waste minimisation strategies.

3.10. Conclusion
This chapter has reviewed commonly-used and readily-available economic evaluation
methods. Subsequently, the chapter evaluates their suitability in the problem being
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investigated by this research, i.e. evaluation of C&D waste minimisation strategies in

New Zealand.

It has been found that economic evaluation techniques that will be employed in this
study are Net Present Value (NPV), Benefit-Cost Analysis (BCA); and Cost Efficiency
Analysis (CEA). These methods are suitable for this research, as they meet the two

fundamental research requirements for this study.

Chapter 2 and Chapter 3 have provided a good understanding of C&D waste issues

and methods to evaluate economics of C&D waste minimisation strategies.

The next chapter proceeds to identify the research methodology that will be employed

in this research.
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CHAPTER 4 - RESEARCH METHODOLOGY
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Chapter 2 reviewed literature pertaining to practices around C&D waste minimisation
and zero waste. As a result of this literature review, a number of knowledge gaps were
identified. To address these knowledge gaps, this study requires an appropriate
research methodology. This chapter will discuss the research strategy to be employed

in this research.

4.1. Introduction

The word ‘methodology’ means the ‘theory of undertaking an activity’ (Novikov &
Novikov, 2013). It originates from the word ‘method’ (meaning a ‘systematic procedure
or technique of doing something’) and the suffix ‘-ology’ (indicating ‘science or study’)
(Oxford Dictionaries, 2014). Research methodology is thus the theory of undertaking
research. It is a way to systematically solve a research problem (Kothari, 2004;

Rajasekar et al, 2006).

Research methodology is important because it provides a research necessary scientific
and philosophical background (Adams et al, 2007; Jonker & Pennink, 2010). A research
methodology is useful, as it allows the researcher to understand knowledge and
constraints placed upon their concept of ‘knowledge’. Further, a research methodology
provides the researcher with an understanding that although there are diverse ways
that knowledge can be created, only knowledge generated in a methodical and
justifiable way is accepted (Adams et al, 2007; Jonker & Pennink, 2010). Therefore,
research methodology needs to be carefully identified, designed and applied in any

research.
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4.2. Problem Analysis

The problem being investigated in this research is specific:

e Currently there is a lack of an understanding of factors affecting C&D waste
minimisation strategies in New Zealand

e Currently there is a lack of an established economic evaluation framework to
evaluate and establish optimal waste minimisation strategies for building

projects

To resolve the above problem, it is necessary to identify and understand the factors that
may have significant effects on C&D waste minimisation strategies in New Zealand. At
the same time, it is important to understand the economic impacts of these factors on
C&D waste minimisation strategies. The second understanding will in turns allow for an

establishment of the most optimal C&D waste minimisation strategy in building projects.

These two requirements mean that there is a need for this research to establish an
economic framework to evaluate the economics of C&D waste minimisation strategies

in the New Zealand building industry.

4.3. Research Aim

The aim of this research is to evaluate the economics of a zero-waste strategy in the
New Zealand context and to identify the most economically optimal waste minimisation

strategy in New Zealand construction projects.
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4.4. Philosophical Foundation of Research Methodology

There are four branches of philosophy: metaphysics, epistemology, ethics and logic
(Shakantu, 2004). However, only the first two branches are relevant to research
methodology (Chia, 2002; Babbie, 2007). It has been argued that ontological
assumptions are the precursor of epistemological assumptions. In turns,
epistemological assumptions are the precursor of methodological considerations
(Cohen et al, 2007). In this sense, the researcher’'s worldview can have significant
influence on their search for knowledge. In this study, the philosophical foundation of
research methodology is established as per Cohen et al (2007). This means
discussions about the ontology of a study are offered first; followed by the

epistemology.

4.4.1. Ontology

Ontology is the study of ‘being’ (Cocchiarella, 2007; Gray, 2009). The study of ontology
revolves around 2 opposing types: Heraclitean ontology (‘becoming’) and Parmenidean

ontology (‘being’). Their differences are summarised in Table 4.

Between these 2 ontological traditions, Parmenidean ontology is more popular in
Western philosophy than its counterpart (Gray, 2009). This is despite evidence of

recent interests in Heraclitean thinking (Chia, 2002; Shakantu, 2004).
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Table 4: Heraclitean Ontology vs. Parmenidean Ontology

Type

Heraclitean Ontology

Parmenidean Ontology

View on Reality

View on Knowledge

Dynamic and ever-changing

Relative and ever-changing

Permanent and composed
of entities with identifiable
properties and
characteristics
Independent of the
researcher and can be
represented by symbols,
descriptions and concepts

Knowledge Generation
Process

Requires subjective approaches, Requires objective
meaning the researcher is part approaches, oriented
of the knowledge generation towards outcomes
process, i.e. processual

Source: Inter alia, Newman (2000); Chia (2002); Gray (2004); Gray (2009); Paparone (2010)

This study aims to evaluate the economics of C&D waste minimisation strategies in
New Zealand construction. This investigation has two characteristics. First, the research
is based on the concept ‘C&D waste minimisation’. This is a well-established concept
with a rich and comprehensive body of literature. It therefore has clear objectives and
guiding principles. Working under this general concept ensures the objectivity of this

study.

Second, this research should provide a good understanding of economics of C&D
waste minimisation in New Zealand through an economic evaluation framework. This
economic framework consists of mathematical models with associated mathematical
assumptions to represent the inner working of the evaluation process of C&D waste
minimisation strategies. The use of mathematical-based economic models will ensure
the results to be represented in a clear, concise and quantifiable manner. It is further

anticipated that the study provides an impetus for further investigations in New Zealand.
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From an ontological perspective, the above arguments imply a Parmenidean worldview
for this study. According to Parmenidean reasoning, this study is also a good
opportunity to learn about C&D waste minimisation. And knowledge about this topic can
be progressively accumulated via contributions of subsequent studies (Paparone,

2010).

4.4.2. Epistemology

Epistemology is the study of ‘knowing’. It refers to the question of how we know the
world (Babbie, 2007; Feast & Melles, 2010). Epistemological enquiries revolve around
evidence and reasoning to justify or clarify of one’s understanding or belief (Fumerton,
2006; Poli, 2010). There are 2 competing epistemological strands: Positivism and

Interpretivism.

Positivism seeks knowledge through the accumulation of verified facts without the
human elements (Collis & Hussey, 2009). In positivism, reality exists outside of the
researchers’ perceptions (Weber, 2004). Therefore, the researchers are passive

spectator of the event under investigation.

On the other hand, Interpretivism maintains that social phenomena do not exist
independently of the researcher’s own interpretations; instead it is the interpretation of

social phenomena that affects social reality (Christou et al, 2010).

However, in both epistemological strands, a researcher’s knowledge and perception is
highly dependent on their historical, social and cultural background. This means the
researchers must be careful with, and aware of the limitations of, their findings

(Shakantu, 2004).
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The differences of these 2 epistemological strands are summarised in Table 5.

Table 5: Positivism vs. Interpretivism

Type Positivism Interpretivism

Aim and Focus ‘measuring’ phenomena ‘explore’ phenomena
Definition of accumulation and subjective interpretations
Knowledge generalisation of verified facts of phenomena

View on Reality

Researcher’s
Interaction

Weakness

reality is external to, and
independent of, the
researcher’s perceptions,
beliefs and biases

passive, as researcher is a
neutral spectator of the event
under investigation

not successful in studying
human behaviour due to the
contrasting nature of
assumptions used (orderly and
regular) and actual interactions
between players (complex and
intangible)

reality is a consequence of
the individuals’
interpretations

active, as researcher must
be involved in their
investigations to
understand the world from
their subjects’ viewpoint
the researcher could
introduce their own beliefs
and experiences to the
research process, causing
unnecessary interference
and biases

Source: Inter alia, Chia (2002); Easterby-Smith et al (2002); Huglin (2003); Gray (2004); Cohen et al

(2007); Kaboub (2008); Collis & Hussey (2009); Christou et al (2010); Nouman (2011)

It has been observed that both Positivism and Interpretivism have had significant

influence on Western thinking, including management research (Davison, 1998). The

differences between Positivism and Interpretivism in acquiring knowledge can be

summarised in Table 6.
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Table 6: Positivism vs. Interpretivism Summary

Type

Positivism

Interpretivism

Ontology

Epistemology

Research
Object

Method

Theory of
Truth

Validity

Reliability

Person (researcher) and reality
are separate.

Objective reality exists beyond
the human mind.

Research object has inherent
gualities that exist
independently of the
researcher.

Statistics, content analysis.

Correspondence theory of
truth: one-to-one mapping
between research statements
and reality.

Certainty: data truly measures
reality.

Replicability: research results
can be reproduced.

Source: Weber, 2004

However, it has been argued that the seemingly substantial differences between
Positivist and Interpretivist paradigms are in fact insignificant. And such differences are

due to the choice of research method rather than any substantive meta-theoretical

differences (Weber, 2004).

Further, it has been observed that no single research methodology is intrinsically better
than others (Davison, 1998). Rather, a combination of methodologies can significantly
improve the quality of research (Easterby-Smith et al, 2002). This is because Positivist
and Interpretivist paradigms have their respective advantages and limitations. By using

a combination of positivistic - interpretivistic approach, the researcher can exploit the
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Person (researcher) and reality
are inseparable (life-world).
Knowledge of the world is
intentionally constituted through
a person’s lived experience.
Research object is interpreted in
light of meaning structure of
person’s (researcher’s) lived
experience.

Hermeneutics, phenomenology,
etc.

Truth as intentional fulfilment:
interpretations of research
object match lived experience of
object.

Defensible knowledge claims.

Interpretive awareness:
researchers recognize and
address implications of their
subjectivity.
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strengths of each paradigm while at the same time reducing their respective

weaknesses.

4.5. Research Methodological Position
It has been argued that the nature of a research problem affects the ways the research
solutions are produced (Tookey, 1998; Shakantu, 2004; Egbelakin & Wilkinson, 2008).
As a result, a methodology should be chosen to reflect the specific needs of the

research.

The nature of the problem in this research is to evaluate the economics of C&D waste
minimisation strategies. However, Chapter 2 has revealed that there is a lack of
understanding of factors affecting C&D waste minimisation strategies in New Zealand.
This means there is an immediate need to identify these factors and explain the causal
relationships between them. Only once this understanding is achieved that the research

can evaluate the economics of C&D waste minimisation strategies.

The above requirement means that a sequential research approach is needed in this
study. In this approach, the qualitative component must be undertaken before the
development its quantitative counterpart. In other words, findings of the qualitative
component are the basis for the design and development of the quantitative

component.

Furthermore, as this research is the first study in New Zealand to establish a framework
to evaluate the economics of C&D waste minimisation, it faces a lack of necessary
theoretical perspective and empirical data to aid its development. It is anticipated that

by utilising a multi-paradigm approach, this research can overcome this challenge.
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Based on the research aim, from an ontologically perspective a Parmenidean worldview
is required in this research - for the development of an objective economic evaluation

framework.

Epistemologically, to establish and understand factors affecting C&D waste
minimisation in New Zealand, there is a need to interact with necessary operatives
involved in the construction industry to obtain their perspectives on this subject matter.
Subsequently, the researcher is required to interpret the results of such interactions in
order to develop an economic framework for the evaluation of C&D waste minimisation
strategies. As a result of this requirement, an interpretivistic approach is needed in this

study.

At the same time, the research’s requirement to develop an economic evaluation
framework means that the study is mathematical and analytical in nature. This implies

the research also requires a positivistic approach.

The above arguments point to the fact that there is a requirement to employ both
positivistic paradigm and interpretivistic paradigm in this study. The decision to choose
a mixed-paradigm approach to address this study’s problem was not due to the inability
to evaluate between the merits and demerits of each paradigm. Rather, it was due to
the need of this study. It was also a result of the researcher’s understanding that all
research approaches are valuable if used appropriately and that a research can have

elements of both positivism and interpretivism.

A mixed-paradigm approach will enhance the quality of the research’s methodological
enquiries. It is also anticipated the combination of positivistic - interpretivistic approach

will ensure the economic evaluation framework developed in this research is applicable
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to the New Zealand context. The research approach of this study is further elaborated

in the subsequent sections.

4.6. Research Method
Because of the decision to employ a mixed methodology (as argued in Section 4.5), the
research methods used in this research must be a combination of those belonging to

the positivistic paradigm and those belonging to the interpretivistic paradigm.

Generally, a research containing a combination of research techniques is more
advantageous than one relying on a single-method research approach. This is because
in the multi-method approach, the strengths of individual research techniques can offset
the weaknesses of others. At the same time, in the multi-method approach, individual
research methods can complement each other, thus reinforcing the strengths of

individual research methods.

The problem being investigated in this research is specific: to develop an economic
framework to evaluate the economics of C&D waste minimisation strategies in New
Zealand. However, as previously mentioned, there is a severe lack of necessary
empirical information on, and around, C&D waste and C&D waste minimisation in New

Zealand. Thus, a multi-method approach is utilised to overcome this challenge.

In this multi-method approach, there are two specific requirements. The first
requirement is to establish baseline empirical data for the research problem. The
second requirement is to develop an economic evaluation framework based on the

empirical information obtained in the first requirement.
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In the first requirement, there is a need to identify and understand factors that may have
significant effects on C&D waste minimisation strategies in New Zealand. This can be
achieved by employing qualitative research techniques to obtain opinions from
practising operatives in the New Zealand construction industry. The information
provided by these individuals can be used as the basis for the development of the
economic evaluation framework. Qualitative techniques to be employed in this study are

semi-structured interviewing and elite interviewing.

In the second requirement, quantitative techniques are needed for the development of
the economic evaluation framework. This need arises from the fact that the study is
mathematical and analytical in nature; and only quantitative methods are capable of
fulfilling this requirement. Quantitative method employed in this study is economic

modelling and case study.

4.6.1. Interview Research

Interview is a familiar research method that has been used in many fields (DiCicco-
Bloom & Crabtree, 2006). There is a wide range of interviewing approaches available,
including: face-to-face interviews, telephone interviews, computer interviews, serial
interviews or group interviews (Opdenakker, 2006). Further, each interview approach
can have certain characteristics such as in-depth, structured, semi-structured, open-
ended or closed. But the overall theme of interview research is to describe and
understand the research topic through views of the interviewees (Valenzuela &

Shrivastava, 2003).
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46.1.1. Semi-Structured Interviewing

In this research, an interview research method is used to identify and understand
factors as well as the aspirations of the New Zealand construction industry around C&D
waste minimisation. The interviews will be carried out with practising construction
professionals in New Zealand to obtain their opinions and feedback on this subject
matter. The chosen interview method in this research shall be one-on-one semi-

structured interviewing.

Semi-structured interview was chosen because of its 2 key strengths. First, semi-
structured interviews allow interviewees to express their opinions on current C&D waste
management practices in New Zealand, as well as the industry’s zero C&D waste
aspirations. Such information should contribute to the richness of data collected
significantly. Second, there is a high degree of interactions between the interviewer (the
researcher) and the interviewees. As a result, any complex issues or questions around
this subject matter can be discussed and clarified instantly. Further, interviews with
willing participants will be administered both before and after the economic modelling
process. This is to ensure relevant variables can be identified for the modelling process
and the modelling results can be administered properly in accordance to the research’s

requirements.

4.6.1.2. Elite Interviewing

This is a subclass of interview research. The term ‘elite’ originates from political science
(Richards, 1996; Berrry, 2007; Tansey, 2007). It refers to members in society who hold
significant power and can decide in, or influence, policy-making process (Bozoki, 2011).

However, recently it has acquired a broader meaning to include people of high levels of
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status, or hold significant responsibilities, within their professions or industries (Harvey,

2011).

Therefore, ‘elite interviewing’ is a research method undertaken by the researcher with
people of high level of standing within their organisations, professions or industries in
order to obtain their individual insights or first-hand account of a topic or a subject
matter (Hochschild, 2009; Bozoki, 2011). It has been observed that elite interviewing
contains a rich source data and other information for empirical research due to the

wealth of knowledge and experience possessed by the interviewees (Tansey, 2007).

In this research, elite interviews are employed to obtain opinions and feedback from
construction professionals in the New Zealand construction industry regarding the state-
of-affairs of C&D waste minimisation and zero waste in this industry. For practical
purposes, a working definition of ‘elite’ in this study is adopted from that in Hochschild’s
(2009) and Harvey’s (2011). In particular, the ‘elites’ in this research are defined as
‘someone who holds a senior management position within their organisation and who

has at least 10 years of experience in the construction industry’.

Semi-structured interview and elite interview research methods are used together in this
study to obtain opinions of construction personnel to explain how C&D waste
minimisation fits in with the industry’s overall sustainability aspirations. Interviews are
employed in two phases: Phase 1 - before economic modelling and Phase 2 - after
economic modelling. In the first phase, interviews are employed to obtain opinions of
the chosen construction professionals. Interview results in the first phase will help this

research establish the basis for economic modelling. In the second phase, interviews
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with from the same professionals are used to obtain their feedback on the research

results. Interview results in the second phase will help validate the study’s outcome.

4.6.2. Modelling Research

Modelling is a positivistic method that has been widely used in economics (Caldwell,
1980). By definition, a model is artificial in nature - it is a product from model builder’s
conscious effort. In other words, it is an abstract representation of a phenomenon from
the developer’s point-of-view (Boland, 2000). In this sense, a model is neither ‘realistic’

nor ‘ordinary’.

In economics, models are often based on mathematical concepts to represent or
explain observed phenomena (Ayarkwa et al, 2011; DEFRA, 2011; US DOI, 2011,
White, 2012; Gurtler-Schrieverhoff et al, 2014). Because of this abstracted
representation, economic modelling has many built-in flaws (Drummond, 2005). These
flaws include inadequate and/or excessive use of assumptions and data; problems in

aggregating results; and selective reporting of findings.

In this research, economic modelling is employed for the development of an economic
framework to evaluate C&D waste minimisation strategies. This choice aligns well with
previous economic studies in waste management and waste minimisation (Goldman &
Ogishi, 2001; Al-Hajj & Hamani, 2011; Ayarkwa et al, 2011; Kuslyaykina; 2013; Borisov,
2014) or zero waste (Doppelt & Dowling-Wu, 1999; Shen et al, 2004; Begum et al,

2006; Yuan et al., 2011; Hogg et al, 2011; Till, 2013).

However, upon understanding afore-mentioned issues associated with modelling

research, efforts have been made in this research to minimise such modelling
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drawbacks. This was done by collating qualitative data and quantitative data to ensure
the economic models developed in this research are applicable to the New Zealand

cases.

4.6.3. Case Study Research

Case study research is a well-understood, well-developed research method which has
been extensively used in many areas (Yin, 2004; Baxter & Jack, 2008). Case study is a
robust research approach as it allows for in-depth exploration and understanding of
complex issues (Zainal, 2007). Various publications and studies on case study have
been created (see, for example Yin, 2004; Yin, 2011 or Neale et al, 2006). But a
definition offered by Davison (1998) summarises the essence of case study. In this
definition, ‘case study’ is defined as a method to examine a phenomenon in its natural
setting by employing multiple methods of data collection from one or a number of
subjects, let them by people, groups or organisations. Further, in case study, the
boundaries of the phenomenon being investigated are not clearly evident at the outset
of the research and the research process often involves no experimental control or

manipulation (Davison, 1998).

Case study research is employed to test the applicability of the economic evaluation
framework developed in this study. Specifically, the economic evaluation framework will
be applied to two case studies to investigate its generalisability and flexibility. Due to
the lack of reliable data related to C&D waste, case study research is particularly useful
for this research. This is because case study research allows the economic framework
developed in this study to be applied to cases with readily-available data on C&D waste

and C&D waste minimisation.
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Case study often involves 3 phases: exploring the research subject, evaluating the
subject matter and testing research hypothesis (Barkley, 2006). Therefore, there are a
number of factors to consider when deciding if case study approach is appropriate for
the investigation at hand. These factors include the settings of the research (natural vs.
controlled or contemporary vs. historical) and the theoretical background of the
research (theory building vs. theory testing). It has been argued that case study is an
advantageous methodology in situations where the first criterion of each factor prevails,
such as research in contemporary setting that seeks to explore or establish a

theoretical foundation for a study area) (Baxter & Jack, 2008; Yin, 2011).

In case study research, careful considerations must be given to research design,
especially in the choice between single and multiple case studies (Baxter & Jack,
2008). Often the choice between these 2 research designs depends on many factors
relating to the research such as its functional requirements or availability of relevant
cases (Barkley, 2006). Single case study is used to examine a unique or representative
case where the researcher is required to pay close and careful attention (Zainal, 2007).
On the other hand, multiple case study research design is employed in situations where
the researcher wishes to strengthen research findings via replication, cross-comparison
or hypothesis testing (multiple case study research design is employed in situations
where the researcher wishes to strengthen research findings via replication, cross-
comparison or hypothesis testing (Yin, 2004). It has been argued that multiple case
studies are more advantageous than single case studies due to its ability to convey

richer information (Barkley, 2006; Yin, 2011).

As outlined above, this study employs two case studies to test the applicability and

flexibility of the developed economic framework. As both case studies have rich
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datasets, the economic evaluation framework can be applied directly to them without
significant additional modelling work. Further, as the case studies are different in
nature, by demonstrating the applicability of this framework to both cases, the research
shows the framework developed here is indeed flexible and could be used in different

situations.

4.7. Conclusion

This chapter has offered detailed discussions on the research methodology and
research methods appropriate for this study. This was achieved through a systematic
approach: from highlighting the philosophical position of the research; to justifying the
underlying research design for the study; and, finally, to indicating the research

techniques to be employed for subsequent research phases.

The next chapter will provide a basis for the development of the economic evaluation

framework in this research.
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CHAPTER 5 - CONTEXTUALISING THE ECONOMIC
EVALUATION FRAMEWORK
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This research will address two knowledge gaps.

First, current C&D waste minimisation strategies in New Zealand do not seem to be
effective. This is due to a lack of understanding of key drivers influencing those
strategies. The current emphasis of C&D waste minimisation rests on moderations of
people’s behaviours through technology and guidelines such as the REBRI and Green
Star/Green Building systems. Perhaps this approach was perceived as an easy way to
reduce C&D waste. As a result, significant investments in terms of both monetary and
effort have been spent on developing such systems. However, the fact that C&D waste
minimisation in New Zealand construction has not improved significantly means that

there is an urgent need for a new approach to address and minimise C&D waste.

As previously mentioned, construction’s fragmentation has both risks and benefits for a
strategy. As such, without proper considerations of these factors, a waste minimisation
strategy is unlikely to succeed. One-dimensional considerations focusing on behaviours
may appear to be too simplistic. Perhaps a better approach would be to look for
systematic ways to minimise waste. This could be done by influencing key C&D waste

minimisation drivers.

It has been shown in Chapter 2 that financial considerations are a key driver in
construction. This means for a waste minimisation to succeed, it needs to demonstrate
its economic benefits to construction stakeholders. By influencing the economic aspects
of C&D waste minimisation, it is likely that construction will develop imperatives to

minimise its C&D waste output. This is the fundamental rationale this research.

The second gap that this research will address is associated with the lack of techniques

to evaluate the economics of a C&D waste minimisation strategy in New Zealand
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construction. While some efforts have been made to quantify the cost and benefit of
C&D waste minimisation, they are mostly applicable to overseas cases (see, for
example Begum et al, 2006; Tam & Tam, 2008; Yuan et al, 2011 or Yu et al, 2013).
Currently there is no study in New Zealand exploring this area. This is a missed
opportunity and one which needs to be addressed urgently so a good understanding of

C&D waste economics can be achieved.

In this thesis, an economic evaluation framework is developed. It is intended that the
framework is flexible enough to be used in various situations and for different waste
streams. Efforts have been made to ensure this framework is appropriate for, and
applicable to, the New Zealand construction industry. The economic framework is

developed using a 2-phase approach.

In Phase 1, the research aims to establish the context of economic model via a series
of interviews with elite practicing professionals in the New Zealand construction
industry. These professionals will have at least 11 years of work experience in the New
Zealand construction industry. Further, they must hold at least a senior managerial role
within their respective organisations. The two restrictions above are used in this
research to help limit of the scope of this research to a small pool of very experience
individuals with in-depth understanding of the New Zealand construction. Further, these
restrictions can ensure the feedback from these experienced practicing professionals is

of high quality.

Once the baseline economic framework has been established and preliminary
modelling has been undertaken, Phase 2 of the qualitative research will commence. In

Phase 2, the research focusing on validation and confirmation of the assumptions and
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claims made in the economic models. The preliminary results will be presented to the
same group of interviewees to obtain their second-round feedback. It is anticipated that
the feedback obtained in this round will be helpful for the researcher in the refinement of

the economic framework.

5.1. Phase 1: Establishing context of economic model

In this phase, interviews with elite practicing professionals in the New Zealand
construction industry were undertaken. To ensure the study meets all stringent
requirements needed for an academic research, ethics approvals was sought and

approved by the AUT Ethics Committee.

Elite interviews were carried out with seven highly experienced professionals using a
semi-structured interview approach. These professionals come from different

background, including:

e A Director of a project management company with 40 years of work
experience in NZ

¢ A waste management consultant with 35 years of work experience in NZ

e A senior architect with 20 years of work experience in both the UK and NZ

e A senior project manager with 20 years of work experience in NZ

e A construction manager of a major construction company with 20 years of
work experience in both the UK and NZ

e A construction manager of a major construction company with 15 years of

work experience in both the UK and NZ
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e A product category manager of a building merchant with 11 years of work

experience in NZ construction supply chain management

As argued in Section 4.6.1.2, a significant valuable information can be obtained from
the use of elite interviews due to the participants’ wealth of knowledge and experience
in construction. But at the same time, results obtained from the interviews may not be
the reflection of views and opinions of the entire construction industry and are only
applicable to this research due to a limited number of interviews undertaken. This could

be a potential weakness of this research.

Interview questions and transcripts of the interviews with these professionals can be

found in Appendix A and Appendix B, respectively.

5.1.1. States of affairs of C&D waste minimisation in New Zealand

The wealth of knowledge and experience possessed by these elite individuals has been
particularly useful for this research. It has been revealed through the interviews that
although it is possible to reduce and recycle C&D waste in NZ, waste reduction and
waste recycling are not considered a high priority in practice. This is mainly due to two

main reasons.

First, there is a perception in the industry that a waste minimisation strategy costs a
significant amount of money to implement. Due to this perception, waste minimisation is
not considered a high agenda by construction stakeholders. The result of this
perception is that the uptake of waste minimisation in the New Zealand construction
industry has been slow. Therefore, in order to improve waste minimisation in the New

Zealand construction industry, there is an urgent need for a meaningful strategy to
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encourage the uptake of waste minimisation practices. Further, for such a waste
minimisation strategy to be sustainable, there is a need for a good understanding of its

economics so careful can proper planning can be undertaken to ensure its longevity.

Second, there exists a high degree of resistance for implementation of new ideas and
concepts from the industry. Perhaps this is because of the traditional conservative
nature of the construction industry. It was also found in the interviews that there is a
lack of economic incentives offered to companies to minimise C&D waste. It has been
argued that a robust incentive scheme can help increase the uptake of C&D waste
minimisation significantly (Tam & Tam, 2008). This is because money is an important
economic driver in construction and by having such a scheme could potentially increase
the success rates of a waste minimisation programme. On the other hand, without
enough economic imperatives, it is unlikely that the New Zealand construction industry

will make changes to accommodate the adoption of new concept such as zero waste.

Although it is possible to model the economic impacts of a penalty — incentive scheme
on a waste minimisation strategy, this option will not be explored this study. This is due
to practical reasons. Tam & Tam’s (2008) model was developed specifically for, and
tested solely in, Hong Kong. As a result of its restricted application, it is difficult to
measure the robustness of this model as well as applicability to different locales.
Moreover, the incentive model proposed by Tam & Tam (2008) would require a
significant amount of work to modify to suit the New Zealand. This means by adopting
Tam & Tam’s (2008) incentive model into the current research would mean the scope of
this research would be expanded significantly. This is an opportunity for subsequent

studies to explore.
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This research aims to address the first issue by developing an economic framework to

evaluate C&D waste minimisation strategies in New Zealand.

5.1.2. Factors affecting C&D waste minimisation

It has also been reported from the interviews that a major variable that has significant
effects on the success of a C&D waste management strategy in New Zealand is landfill
charges. However, currently in New Zealand, C&D waste is not well categorised,
leading to inconsistency in charging for C&D waste disposal. C&D waste charges are
broadly treated the same as those for household waste and receives the same charges
as the household waste. In other words, there is no disposal charging schemes specific
for C&D waste. This has been considered by many interviewees as a weakness in the

current regulatory framework related to waste minimisation in New Zealand.

As a radical way to tackle C&D waste, the interviewees have proposed that a high fee
for C&D waste disposal is needed to force the construction industry to consider its
responsibly. The consensus from the interviewees is that a landfill fee of $150 per tonne

is appropriate.

In term of costs, a specialist with many years of experience in C&D waste management
has provided some cost information related to C&D waste. Specifically, the cartage rate
of general C&D waste is estimated to be around $2.50 per kilometre travelled. Further,

tipping fees for the various C&D waste can be estimated as follows:

Table 7: Tipping Fees for C&D Waste in Auckland

Category Location Fees ($ per tonne)
Rubbish Hampton $65
Rubbish Redvale $65
Rubbish Huntly $40
Rubbish Transfer Station Auckland $110
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Hardfill products Ward Demolition A $10
Hardfill products Ward Demolition B $18
Hardfill products Bombay Hills $10
Hardfill products Three Kings $15
Timber recycling Kalista $55
Plasterboard recycling Tuakau $10

This information is useful and has been incorporated into the modelling process as a

result.

5.1.3. Benefits of C&D waste minimisation

The interviews show that there are benefits of minimising C&D waste. These benefits

come in forms of cost savings. The cost savings will be discussed in detail in Chapter 6.

At the same time, to eliminate C&D waste — i.e. zero waste — more money must be
spent to improve the waste minimisation and recycling processes. In doing so, it is
anticipated that the energy costs will increase significantly. However, waste disposal
costs can be significantly reduced, as no waste goes to landfill. As such, the formulae of

benefit calculations developed in Chapter 6 must satisfy this requirement.

Overall, all information provided by the interviewees is useful for this study the in

development of the economic evaluation framework for the research.

5.2. Stakeholders in Waste Minimisation

It was found in the interviews that a C&D waste minimisation strategy, if implemented,
will affect, and be affected, by many stakeholders within the New Zealand construction
industry. It is hence important to understand the stakeholders that are, and/or may be,

involved in, or affected by, the strategy.
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Key stakeholders identified through interviews include: client (building owner), project
manager (client side), designers, prime contractors and specialist waste management

contractors.

In this research, a ‘client’ is defined in this research as the ‘building owners’. Under this
definition, the ‘client’ can be assumed to have full ownership of their buildings and can
make decisions to change and alter the buildings. It can be further assumed that when
the client is a rational being and only makes investment decisions under sound
economic analyses. Decisions made by the client’'s regarding the changes of their
buildings include, but not limited to, renovation, remodelling, demolition and
reconstruction of the building. It can be also assumed that such changes can take place
at any point in time that the client sees fit. However, the client must be responsible for

all costs associated with his or her decisions regarding such changes.

A project manager (client side) is defined in this research as someone working for the
client to manage the entire project on their behalf. The project manager can either be
an internal party from within the client’s organisation or they can be an external party
hired by the client for the duration of the project under consideration. Based on
information gathered from the interviews with project managers, the project manager
(client side) is typically responsible for all aspects of the project delivery, including, but
not limited to, client briefing, financial and cost administration, project programming,
consultant engagement, design management and project delivery supervision. Due to
their deep involvement in the entire project, the project manager often has a good
understanding of the project. They can identify areas that need to be improved as well

as opportunities to reduce waste.
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‘Designers’ is a broad term defining people or groups of people who are involved in the
design management and/or design of the project. In this research, designers may
include, but not limited to, project managers, design managers, planners, land
surveyors, architects and engineers. Sometimes, depending on the projects, the
contractors and specialists sub-contractors may be involved in aspects of the design
process. The interviews with architects, contractors and waste management contractors
showed that in waste minimisation-focused project, it is beneficial to get contractors and
specialist waste management contractors involved early in the design process so areas

and opportunities to reduce waste can be identified early and understood by all parties.

The prime contractor in a building project is defined in this research as the lead
company responsible for the construction and delivery of the project. Interviews with
contractors revealed that main contractors in New Zealand often operate as
Construction Managers. This means that they often focus on project supervision, with
work packages sub-contracted to their sub-contractors. The interviewees confirmed that
this practice allows the main contractors to minimise their project and organisational
risks (by means of distributing them to the sub-contractors). In waste minimisation,
often main contractors would require their sub-contractors to take actions to reduce and
minimise waste, thus passing all waste minimisation responsibilities to the sub-
contractors. Therefore, from the main contractor’'s perspective, they are not directly
affected by a waste minimisation strategy in a project. On the other hand, by taking part
in such a strategy, they could gain significant benefits such as, but not limited to,
possible earnings from design consulting, free training in waste minimisation for key
staff and significant marketing and public relations exposure from being involved in

such a waste minimisation-focused project.
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Specialist waste management contractors often involves in the waste management
process of the project’s physical wastages. As the role of this group of contractors is
specific and specialised, they can add significant values to a waste minimisation-
focused project. It was revealed in interviews with main contractors and specialist waste
management sub-contractors that in a waste minimisation-focused project, if the
contractors are involved early in the project, including at the design stage, it is likely that
they will take proactive approaches to reduce and minimise wastages during

construction process.

The interviews have also revealed a laisses-fair attitude in the New Zealand
construction industry regarding C&D waste management. Often once contract is signed,
and construction cost for contractor is fixed, the opportunity to minimise waste often
rests with the subcontractors carrying out the work onsite. The contractor then focuses
their effort on making sure the subcontractors meet project timelines and objectives in
order to earn money. At the same time, the subcontractor must make sure they adhere
to all waste minimisation requirements imposed by the main contractor, and meet
project deadlines. This means opportunities to add values to waste minimisation and
zero waste at contraction stage is limited. The construction management interviewees
indicated that significant values could be gained in relation to waste minimisation at the

design stage.

Based on this feedback, the focus of this research is therefore rests on the design-out-

waste component as it helps narrow down the scope of the current research.
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5.3. Research Focus
5.3.1. Stakeholder Groups

In this research, the economic framework will focus on the economics of C&D waste
minimisation and zero waste from the client’s perspective. The reason to focus on this
stakeholder group is two-fold. First, the clients are responsible for paying for all
materials and services relating to the construction and/or demolition of their building. As
such, they can have significant influences on waste minimisation practices in the
construction and demolition processes. Based on the assumption that the clients are
rational people who make investment decisions based on sound economic analyses, it
is reasonable to assume that the clients wish to minimise the amount of waste
generated in their projects if and only if the cost associated with waste minimisation

does not outweigh the benefits that can be obtained from such activities.

Second, there are many groups involved in C&D waste minimisation. Aside from the
clients, groups having vested interests in waste minimisation in a building project
include, but not limited to, project managers, consultants, architects, engineers,
contractors and specialist waste management contractors. As shown in Chapter 2, each
of these interest groups has their own economic agendas and objectives for
undertaking waste minimisation and zero waste. To understand the economic agendas
and objectives of these interest groups in relation to C&D waste minimisation and zero
waste would therefore require significant amount of in-depth studies. In relation to this
research, it would mean the scope of this research would be significantly expanded
beyond its time limit of three years of study. To ensure the scope of the study remains

manageable, this study only focus on the client group. The zero-waste economics and
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considerations from the viewpoints of other interest groups can be studied in detail by

subsequent researchers.

5.3.2. Focus on processes

The qualitative results show that there is a consensus among interviewees that a C&D
waste minimisation strategy has the greatest impacts at the design stage. This is
because implementing waste minimisation strategies at the design stage such as
design-out-waste does not generally increase the design cost significantly. In fact, it has
been confirmed that sometimes the costs for design-out-waste designs are the same as
the costs for non-waste minimisation-focused designs. However, due to a perception
that the former design types are more expensive than conventional designs, waste

minimisation-focused designs are often ignored by stakeholders.

In addition, it is the design stage that the client has significant influence and inputs in
their projects. Often once the contract is awarded, the responsibility of waste
minimisation rests with the contractors. The client has a minimal influence on waste
minimisation at the construction stage. Therefore, from the client’'s perspective, they
need to focus on the stage that they can maximise their influence on the matter of
waste minimisation; and that is the design stage. At the design stage, the client can
work with the design team as well as contractors to ensure their ideas and principles
are met. Also, it is at this stage that the client can set agendas on, and around, waste
minimisation. By working alongside contractors, not only can the client put their ideas
and requirements across to the contractors but the client also has an opportunity to

assess the capability of the contractors and whether they are suitable for the project.
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Considering the information above, this research will only consider the design stage for
modelling purposes. The study will also explore the design-out-waste aspect within the
design stage to understand the costs and benefits this process can offer to the client.
The sole consideration of design stage in this study is for practical purposes. By
focusing on this area, this research can limit its scope to a manageable level. This
means this research will not take into consideration of waste minimisation during
construction stage and any stages thereafter. Instead, further researches can be
undertaken by subsequent studies to investigate the economics of zero waste in these

stages.

Chapter 6 will discuss assumptions and modelling procedures in detail.

5.4. Phase 2: Validation
Phase two of the qualitative research was undertaken upon the completion of the

economic evaluation of the case studies.

Telephone interviews were made with the same professionals who participated in the

phase one interviews.

Findings of Phase 2 are summarised in Chapter 8. Phase 2’s transcript is included in

Appendix D.

5.5. Conclusion
This chapter has provided a basis for a development of the economic evaluation
framework in this study. This was achieved using a two-phase approach. In the first

phase, a theoretical perspective for this research was provided using the semi-
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structured elite interviewing method with a group of high profile and highly experienced
practising construction professionals. The interview results were used to develop an
economic evaluation framework that was appropriate for, and applicable to, the New

Zealand construction industry.

The second phase was undertaken upon the completion of the economic modelling of
the case studies. Findings in this phase helped confirm the research findings. Further,

they provided information needed for future work.

Chapter 6 discusses how this framework can be used to evaluate the economics of
minimising a number of waste streams in a new construction project. While Chapter 7
describes how it can be applied to the evaluation of the minimisation of brick waste in a

refurbishment project.
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CHAPTER 6 - DEVELOPMENT OF THE ECONOMIC
FRAMEWORK
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Once relevant information regarding the state-of-affairs of C&D waste management and
waste minimisation in the New Zealand construction industry has been obtained from
interviews, the next step is to develop an economic framework to evaluate values of

waste minimisation and zero waste.

6.1. Overview of the Economic Framework
The economic evaluation framework developed in this study is mathematical based.
However, the information obtained from the interviews has also been used as the basis
and incorporated into the framework development process to ensure the framework

remains relevant to the New Zealand case.

In mathematical modelling, a model is a product of its builder’s conscious effort. In other
words, it is an abstract representation of a phenomenon from the developer’s point-of-
view (Boland, 2000). Researchers hence have freedom in choosing their study subjects

and study objects.

6.2. Focus of this Research
As argued in Chapter 5, the economic evaluation framework in this research will focus
on the assessing the economics of C&D waste minimisation and zero waste strategies

from the client’s perspective.

Further, also shown in Chapter 5, to limit the scope of the research this research is
limited to the design phase only, with an exploration of the ‘design-out-waste’

component to understand its economic values to the client. By limiting the scope to the
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design stage, this research will not take into consideration of waste minimisation during
construction stage and any stages thereafter. Instead, further researches can be
undertaken by subsequent studies to investigate the economics of zero waste in these

stages.

6.3. Economic Framework: The Concept

As mentioned in the literature review, currently there is a lack of a theoretical basis for
the ‘zero waste’ concept, despite its successful applications worldwide. In turns, the
lack of an overall theoretical framework for zero waste seems to have discouraged
researches in this area, as evidenced by the limited literature in body of knowledge in
this area. The lack of an overarching theoretical framework for zero waste also means
that each researcher working in this area must develop their own conceptual model to

represent zero waste within their study.

Due to a lack of a pre-existing theoretical framework for zero waste in construction,
there is an immediate need in this study to formulate a conceptual framework to
undertake the economic evaluation of zero waste in construction. Further, due to the
lack of preceding theoretical models in zero waste, the theoretical economic framework
developed in this research will be based on those for related concepts such as

construction waste management and construction waste minimisation.

Many waste management and construction minimisation frameworks for construction
have been used as references. They include the work of Tam & Tam (2008), Jain

(2012), Dajadian & Koch (2014) and Fadiya et al (2014).
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Overall, these waste management and waste minimisation models have provided useful
references for this research. They have enabled the researcher to understand and
refine the waste management and waste minimisation processes to develop a

theoretical framework for zero waste in New Zealand building construction.

The economic hierarchy of C&D waste management and C&D waste minimisation in
the New Zealand building sector is presented graphically in Figure 4. The map was
produced using flow diagrams. In this diagram, each process is represented by a node
and the relationships between the nodes are represented by edges connecting them.
As each process may be affected by another, the diagram employs directed lines to

show the effects of once process on another.

It is believed that by using flow diagram, it is possible to demonstrate the complex
relationships between processes in building construction in trying to achieve zero
waste. Further, the visual representation of this theoretical zero waste framework allows
subsequent researcher to review it and, potentially, enrich the framework by adding

more relevant processes.

In the context of this research, the map of construction zero waste is unique, as it was
developed based on interviews with, and feedbacks from, practising professionals in NZ
construction. Further, as reported earlier, zero waste is a relatively new area of study
and hence containing of a limited body of knowledge. In the context of construction in
New Zealand, there have been no studies exploring this area to date that the
researcher is aware of. As a result, this research contributes to the body of knowledge

in zero waste, particularly in construction context.
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The uniqueness of this research even extends to the way which the data were collected
and the flexibility offered by the framework offers. The economic evaluation framework
developed in this study allows users to evaluate the economics of minimising individual

wastes as well as a basket of waste types.
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Figure 4: Theoretical
Hierarchy of C&D Waste
Minimisation in New
Zealand Construction
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In this conceptual framework, two key components of any waste minimisation strategies
are design-out-waste and construction considerations to achieve waste minimisation.
These two key considerations in turns directly and/or indirectly affect several other

components such as amount of waste generated or amount of waste salvaged.

Since each component in the waste minimisation strategy has their own associated unit
cost(s) and/or benefit(s), one can follow the directions of arrows to calculate direct (or

indirect) costs and benefits for all components.

Finally, a Benefit-Cost Ratio can be calculated by dividing the sum of all benefits by the

sum of all costs.

6.4. Modelling Assumptions

For this research, several modelling assumptions have been made to ensure the
economic evaluation framework functions within the research scope. These modelling
assumptions are divided into three broad categories: Market Assumptions, Design-Out-

Waste Assumptions and Assumptions on Waste Minimisation Strategies.

6.4.1. Market Assumptions

Market assumptions refer to a set of conditions needed to ensure the modelling process
work smoothly. In the real world, there are often many interacting factors that affect the
economy and economic activities. These factors may include, but not limited to,
fluctuations in economic cycles, migrations of goods and people; and external events
such as war and disasters. However, for this research, these extreme factors are

ignored in order to simplify the economic modelling process. By assuming these factors
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have zero effects on the situation under consideration, i.e. zero waste, the research can
focus on the essence and explain in detail the inner working of the economic evaluation

framework.

Another key market assumption made by this research is that the market is fluid and
remains in a perfect equilibrium. In other words, there is strong correlation between
supply and demand within the existing market. This means in the current market setting
whatever is sold on the market gets bought by willing buyers. Vice versa, whatever the
customer wishes will be fulfilled by willing supplier of goods and services. This
assumption is used to match sellers and buyers of goods and services in this research.
By using this assumption, the research can remain within the stated scope of study, as
there would be no requirements to model the buying-selling behaviours that may exist

in the construction industry’s market place.

Lastly, this research assumes the perfect economic efficiency exists within the market
considered in this research. Specifically, it is assumed that in the New Zealand building
construction industry, risks and associated benefits (AB) of assuming such risks get
rewarded accordingly. The mechanism for transferring risks and ABs is through
contracts and contractual agreements. Further, all parties will honour their promises
and act accordingly to make sure such promises are honoured. By having this
assumption, the research can ensure all parties, including designers, contractors and
sub-contractors get paid for any risks that they assume for parttaking in a waste

minimisation-zero waste strategy.
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6.4.2. Design-out-Waste Assumptions

As discussed in Chapter 5, the focus of the economic evaluation modelling rests on
design out waste. It is therefore important to understand key areas that the economic
model can address as well as key assumptions related to areas that the economic

model cannot address.

6.4.2.1. Actors involved in design-out-waste processes

It has been well documented from WRAP studies that to design out waste there must
be commitments from everyone involved in the design process (WARP, 2009, 2011).
From the interviews undertaken for this research, it was found that it is the design stage
that can deliver the biggest values to a waste minimisation strategy, and for a relatively
small cost. Further, it has been suggested from the interviews that there is a need for
every major project partners to be involved in the design process to achieve the
maximum design-out-waste outcomes. Specifically, it has been agreed by interviewees
in this study that the key stakeholders involved in the design-out-waste process include:
the Project Manager (client side), the Planner, the Surveyor, the Architect(s), Engineers
(Traffic Engineers, Structural Engineers, Geotechnical Engineers, Mechanical
Engineers and Services Engineers), the Main Contractor and the specialist Waste
Management Contractor. Table 8 summarises the interviewees’ consensus on

responsibilities of each key design-out-waste actor.

Table 8: Responsibilities of Stakeholders in Building Construction

Actor Responsibility
Project Manager | Make sure the designers and contractors deliver design and construction
(client side) solutions that can achieve the desired waste minimisation goals
Planner Ensure development meet all regulatory requirements, include those
related to waste management
Surveyor Ensure surveying work is accurate and all land information is properly

articulated and clearly marked up on plans. This will reduce uncertainty for
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Architect

Engineers

Main Contractor

subsequent designers such as architects and engineers (geotechnical and
structural engineers). In turns, the accurate information will help reduce
process waste in the design process

Ensure the design meets all requirements, including waste minimisation
requirements, set out in the client briefing document. Where appropriate,
the architect chooses materials that can have maximum level of
recyclability and/or reusability. The architect must think about the potential
effects on waste generation in later stages in the life of the building (i.e.
during remodelling/refurbishment and demolition of building)
Responsibilities of engineers are similar to that of the architect in that they
must think of the recyclability and reusability of materials in later stages of
the building’s life. This thinking must permeate throughout the design
process and through all engineering disciplines listed above to ensure the
design can achieve the maximum levels of waste minimisation

The contractor’s role in the design process is to ensure the constructability
of the proposed design. In other words, they make sure that the design can
be translated to actual work onsite. As such, they must be involved early in
the design process in order to provide practical advices to the designers

Waste Similarly, the specialist waste management contractor can provide useful
Management information to the design team about the recyclability of materials and
Contractor whether the stated waste minimisation goals are achievable. They have an
important role in ensuring the waste generated onsite can be recycled
and/or repurposed. As such they should be involved early in the design
process in order provide advices on the recycling aspect of the project.
6.4.2.2. Considerations in design-out-waste processes

There are several considerations in the design-out-waste process. From the interviews,

it was found that the key consideration is materials. It was revealed that in a waste

minimisation-focused project, significant design hours are spent on researching suitable

materials. For instance, in one project, the designer spent up to 500 design hours to

research suitable materials to ensure wastage was minimised.

The interviewees in this research indicated that significant wastages in construction

were mainly or partly due to the low or inadequate level of skills of tradesmen.

Interviewees reported that the level of skills possessed by workers on construction sites

has decreased significantly in the last 25 years - and this partly contributes to the

significant waste generated from works onsite.
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As such, the interviewees suggested up-skilling of construction operatives is needed
urgently. However, this costs money and it needs to be considered carefully. For the
purpose of this research, the consideration of training/up-skilling operatives, and its
associated costs, is outside the scope of the study and will not be included in the

calculation. Instead, subsequent studies are needed to investigate this area further.

Another area that could be considered in the design-out-waste process is the
identifications of areas that waste can be reduced. This can be achieved by careful

considerations by designers and in close consultation with contractors.

6.4.2.3. Behavioural Assumptions

In this research, there exists an implicit assumption that all parties in a project are
committed to achieving the stated waste minimisation goal. This assumption is useful
because the behaviours of individual party involved in the design-out-waste process lie
outside of the scope of this research. And having this assumption built in the study

helps eliminates the need to investigate this area in detalil.

Specifically, the research assumes that all parties in the design-out-waste process will
do everything that they can to achieve their stated waste minimisation objectives. Table
9 summarises behavioural assumptions for each design-out-waste stakeholder

considered in this study.

Table 9: Commitments of Stakeholders

Actor Commitment Assumption

Client commit money and resources to ensure waste minimisation target is met

Project Manager | dedicate time and effort to ensure all parties meet stated waste
(client side) minimisation goals

Designers dedicate time and effort to ensure designs meet desired waste
(Architects & minimisation objectives
Engineer where appropriate, designers will identify opportunities to minimise waste

and maximise values for clients
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Main Contractor committed to waste minimisation at every construction stage
make effort to ensure all subcontractors meet required waste minimisation
goals
where appropriate, contractor will identify opportunities and take actions to
minimise C&D waste

Waste committed to waste minimisation via recycling and repurposing materials
Management where appropriate, waste management contractor shall maximise the
Contractor recycling rates of materials

6.4.3. Assumptions on Waste Minimisation Strategies

6.4.3.1. Waste strategy assumptions

In this research, there are several assumptions on waste minimisation strategies are
employed. These assumptions are made for economic evaluation modelling purposes
based on the information provided by interviewees. Specifically, the research assumes
there are seven (7) waste minimisation strategies (see Table 10). This assumption is

based on interviewees’ feedback and classifications of waste minimisation strategies.

Table 10: List of C&D Waste Minimisation Strategies

Waste Strategy

Strategy 1 2 3 4 5 6 7
Description | Waste to Waste Waste Waste Waste Waste Zero

Landfill Reduction | Reduction | Reduction | Reduction | Reduction Waste
Reduction 0% 5%-10% | 11%-30% | 31%-50% | 51%-70% | 71%-95% 100%
Rate

These strategies range from the simple form (landfilling waste) to complex form (zero
waste). The reason for the range of strategies above is for modelling reason: it is
intended that the research can demonstrate the economics of the various strategies
under the same set of assumptions. The scenario analysis capability demonstrated by

the framework is useful for cross comparison between waste minimisation strategies.
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The framework can help explain the relative economic benefits, or otherwise, of zero

waste in construction context.

6.4.3.2. Design cost assumptions

As waste minimisation strategies get more and more complex, it is assumed that the
cost of design will increase proportional to the respective design complexity of each
strategy. This increase also affects the design-out-waste component, as it is part of the
design cost. In other words, strategies requiring more rigorous waste minimisation
requirements would cost more for the same step than their less rigorous
contemporaries. Table 11 below summarises the incremental rates of design fee from
simple strategy (landfilling waste) to the most complex and ultimate strategy (zero
waste). These rates are provided by architectural and engineering interviewees based

on their experiences.

Table 11: Assumed Increases of Design Fees

From strategy to Rate of design fee
strategy increase
1TO?2 20%
2TO 3 10%
3TO 4 10%
4TO5 10%
5TO6 15%
6 TO7 30%

Also, interviews with client-side project managers and architects revealed that since the
design cost is a small portion of the total project cost, such increases are unlikely to
deter clients from zero-waste commitments. This is because given the significant
benefits clients can get from marketing and promotion, such small increases in design

costs are often considered insignificant by the clients.
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6.4.3.3. Energy cost assumptions

There is another implicit assumption that underlies this research. It has been assumed
that the increases in waste strategy costs come from the fact that more energy is
required to process waste and turn them into usable products. This extra energy is
required at every step along the recycling process, from handling and sorting waste
onsite to transport waste to processing plants, to recycling waste and repurposing
waste to usable products. For this research, it is assumed that the energy cost
increases by 25% for Level 6 strategy compared to the Level 1 strategy and by 50% for
Level 7 strategy compared to the Level 1 strategy. This assumption was made based

on feedback from the specialist waste management contractor.

It is anticipated that the increments in energy requirements and consumptions at every
level will in turns have significant implications on the costs associated with the waste

minimisation strategies.

6.4.3.4. Benefit assumptions

It has been suggested by the interviews that there are financial benefits associated with
minimising C&D waste. The interviewees in this research perceive that financial
benefits come in forms of cost savings achieved by the client from minimising waste

and sales of recycled/repurposed materials to third-parties.

As more waste is diverted from landfill, more cost savings can be realised by the client -
and to a degree by the lead contractor also. These cost savings come in forms of
transportation cost savings, purchasing cost savings and cost savings from disposing of
less waste. As waste minimisation strategies get progressively more rigorous, the cost
savings associated with such respective strategies and which can be realised by the

client (and lead contractor) grow significantly.
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At the same time, as more waste is being diverted from landfill, the client can also gain
more intangible benefits associated with it. Such intangible benefits include, but not
limited to, improved reputation, improved morale within their current workforce and/or
improved media coverage. It is often difficult to quantify these intangible benefits.
However, they exist and can offer significant ‘soft’ values to the client as well as
organisations involved in the project. Although intangible, these ‘soft’ values can be
significant to all organisations. As a result, these ‘soft’ values should acquire a dollar

value associated with them.

Although it is possible to model and calculate the dollar values of the intangible
benefits, by doing so would mean the scope of this research would be significantly
expanded. Besides, the intangible benefits remain to be a small component of the
benefit modelling in this thesis. It is hence not justifiable to expand the scope of the
study significantly to accommodate for a small component of the model. Therefore, for
this study, it was decided by the researcher that the monetised values of the intangible
benefits are assumed instead of being calculated. The amount of assumed intangible
benefits varies from project to project. As a result, the corresponding monetised values
of such intangible benefits will also vary from one project to the next. These monetised
values of intangible benefits will be discussed in detail in the case studies in Chapter 7

and Chapter 8 respectively.

6.5. Economic Framework: The Models

The economic models for the framework are developed because of the theoretical

economic framework presented above. These models are mathematical-based and
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have been developed from the ground up for this research regarding a model offered by
Tam & Tam (2008). In other words, these models are mathematical representations of a
theoretical framework for zero waste. As the theoretical framework developed in this
thesis is unique to New Zealand, the economic models derived are also unique to the

New Zealand case.

Despite several similarities between the framework in this research and that in Tam &
Tam (2008), they are different in principle. Tam & Tam’s (2008) study focused on
mechanisms to motivate C&D waste minimisation — in this case an incentive scheme.
Although Tam & Tam (2008) showed having an incentive scheme like a step-wide
incentive can help reduce waste, it lacks the economic rationale as to why such a
scheme should be implemented. On the other hand, this research focuses on
understanding the economic rationale for undertaking waste minimisation strategies
such as a zero-waste scheme in New Zealand. In this sense, the current research, with
some modifications, can address the fundamental rationale underlying Tam & Tam’s
(2008) work. However, Tam & Tam’s (2008) work has provided good insights into
economic modelling in relation to C&D waste and as such it has been utilised as a

useful reference source in the development of the economic models in this research.

Table 12: List of Modelling Variables
Variable | Description

Qi° estimated quantity of material i

Qi actual quantity of material i

Pim market price of material i (new)

Pif resale price of reused/recycled material i

Pa" average market price of new materials

Pa' average resale price of reused/recycled materials

WR;*® expected wastage rate of material i

WR? actual wastage rate of material i (measured by waste management
contractor)
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RR; recycling/reusing rate of material i

A intangible benefits

Cc cost of waste collection

Ca cost of waste dumping

Cm material cost

Coes cost of design

Coroj project value

Crc cost of recycling waste

Cru cost of reusing waste

Cen cost of energy used in recycling and reusing
Chotal total cost of waste

Uc unit cost of waste collection

Ut unit cost of waste transportation

Ui unit cost of recycling waste i

Uiru unit cost of reusing waste i

U init cost of energy in processing and recycling waste i
Tdes amount of time spent on design-out-waste
Pdes average design fees/charges

6.5.1. Economic Models for Benefits of Zero Waste

In any project, quantities of resources are often estimated in advance by professionals
such as quantity surveyors. For each material, the estimated quantity Qi is known
before any work is undertaken. However, as work onsite commences the amount Q®
may change accordingly to the specific requirements for each type of work onsite. The

guantity of material i that is required by the work onsite is denoted as Q.

If the amount of estimated quantity Qi is greater than the actual quantity amount

required Qi#, then the amount of material that has been saved is
AQ; = Qf — Qf (1)
There is an implicit assumption in Equation 1. It assumes that for planning the project,

the client and their team do not order the entire amount Q€. Rather, they only order

what is needed at any point in time. Indeed, if they order the whole amount Q¢ and later

152



CHAPTER 6 — DEVELOPING THE ECONOMIC FRAMEWORK

find out what they require (Qi) is less than estimated, then the value AQ; represents

wastage for material i. For this research, the above implicit assumption holds true.

As the client does not need to buy the amount AQ;, the cost saving of materials for the

client is:

Bp = X121 8Q; x P (2)

6.5.1.1. Cost saving on waste generation
It is anticipated that by implementing a C&D waste minimisation strategy, the amount of
waste generated in a project minimised. At the planning stage, the client’s consultants
such as architects and/or quantity surveyors can often estimate one, or a range of,
wastage rate for each material. This estimated wastage rate is denoted by WR.

Accordingly, the amount of waste for each material can be calculated using the formula:
¢ = Qf X WRi€ (3)

However, once construction commences, the rate WRi® can change, as the contractor
and subcontractors can monitor and track the waste generated and produce the actual
wastage rate WRi? for each material. As a result, the amount of W€ is changed to Wi by

formula:
Wi = Qi® Xx WR@ (4)

Under the same assumption as Equation 2, the quantity of the waste that has been
reduced as a result of the C&D waste minimisation strategy (AWi) is given in the

formula:

AWi = Wie - Wia (5)
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It has been further assumed that although the contractor is responsible for paying waste
management contractor and other related parties such as landfill owners and councils
for waste disposal. This money paid by the contractor was in fact charged to the client
by the contractor. Therefore, the client is the ultimate payer for all costs associated with
the waste minimisation strategy, including collection, treatment and disposal of C&D

waste.

As less waste go to landfill, the client can save money from waste disposal to landfills.

The cost saved on waste disposal to landfill for each type of waste is:
S} = AW; xlandfill charge (6)

The total cost saving of waste disposal (on all materials) for the client is a sum of cost

savings of waste disposals (on individual materials).
Ba= | X, S} | (7

6.5.1.2. Cost saving from reusing and recycling

As more emphasis is placed on reuse and recycling of materials, it is anticipated that
the client can also make cost savings here as well. As materials can be recycled and
reused, it is assumed that more materials can be saved. The amount of saved material i
is:

SMi = AWiXRRi (8)

It is also assumed that due to the availability of recycled materials for the project, the
project experiences there is less demand for new materials. This means instead of

paying for a full price of the new materials, the clients can pay for a fraction of that price
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for comparable recycled products. The difference between the price of new material i

and that of the reused/recycled product i is:

In case the materials are amalgamated, the average price of all materials is used

instead.

AP.= PI" - PI" (10)

The main savings for the client in product i is the product of the price difference and the
amount of saved material i:

CS; = SM;XP, (11)

Finally the total cost savings of materials is:

6.5.1.3. Revenue from selling construction recycled materials

In addition to the above cost savings, the clients also have opportunities to on-sell their
products to a secondary market. The on-sold products can be recycled and repurposed
materials or excess new materials. This presents an additional benefit to the client and

can be captured in the following formula:

Br= ST, AW, x (P —U])  (10)

6.5.1.4. Total cost saving

Finally, the total cost savings available to the client is a sum of individual cost savings
discussed above plus intangible benefits to the client as a result of the waste

minimisation strategy.

Bes=Bp+Ba+Bm+B+A  (11)
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6.5.2. Economic Models for Costs of Zero Waste

The cost models in this study are considered below. There are a number of
assumptions used in the calculations of cost models. These assumptions are the results

of interviews with practicing professionals in New Zealand construction.

1. The cost of design-out-waste Cdes is a product of the time taken for the designer to
design out waste and the price for such activities;

2. The cost of the waste policy of a project Cyp is a percentage of project cost Cproj. AS
each construction project is different, it is not possible to assess what this
percentage should be; but based on interviews with a number of experienced
Project Managers and Architects, a rate of 0.1% — 0.5% can be assumed.

3. The amount of waste residue is the amount difference between the waste
generated and the saved materials SM;

4. The cost of waste collection Cc of individual waste is a product of the sum of all
waste and the unit cost of waste collection

5. The cost of waste disposal Cq is a product of the amount of waste residue and the
landfill charge.

6. The cost of waste recycling Crc is the product of the reduced waste and the unit
cost of recycling. The amount of reduced waste is a product of the amount of
saved materials SMi and the unit cost of recycling

7. The cost of waste reusing Cr is the product of the reduced waste and the unit
cost of reusing waste. The amount of reduced waste is a product of the amount of

saved materials SMi and the unit cost of reusing waste

156



CHAPTER 6 — DEVELOPING THE ECONOMIC FRAMEWORK

8. The cost of energy Cen is a product of sum of all saved materials SMi and the unit
cost of energy

9. The cost of construction material waste Cm is a product of all residue waste and
the average market price for all new materials

10.  The total cost of waste Cw is the sum of all cost components above.

The cost formulae are summarised in table below.

Table 13: Key Cost Formulae

Cost Component Formula Number
Cost of design-out-waste Caes = Tdes X Paes 12
Cost of waste policy Cp = 5% X Cproj 13
Cost of waste collection Ce=Cn,AW;) X Uy, 14
Cost of waste dumping Ca= {3, AW; — SM;}x landfill charge 15
Cost of recycling waste Crc = 27 SM; XU, 16
Cost of reusing waste Cu =X, SM; xUp, 17
Cost of energy Cen = (ZE_ AW)X Uep 18
Construction material waste cost | Cyn= {Y£_, AW, — SM;}x P 19
Total Cost of Waste Cw=Cues+Cp+Cc+Cy+Cic+Cry+ Cen + 20
Cnm

6.5.3. Benefit-Cost Ratio

Finally, the Benefit-Cost Ratio is the ratio between the monetised benefits that the client
obtains from managing and minimising C&D waste and the costs associated with such

activities. It is represented in Equation 21 below.

BCA= 22 (21)

Based on Equation 21, the economic efficiency of each C&D waste minimisation

strategy can be assessed accordingly.
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6.6. Applications of the Economic Framework

As mentioned in Chapter 3, the economic evaluation framework in this research has
been developed with flexibility in mind. Specifically, the framework is intended to be
applicable to in various situations and with different C&D waste types. It is, hence,
necessary to demonstrate this flexibility in actual cases. Specifically, the economic

evaluation framework will be implemented in two case studies to test its applicability.

In the first case study, the framework is implemented to evaluate the economics of
waste minimisation/zero waste for five waste streams. This example will demonstrate
the applicability of the framework to situations where multiple waste streams are

present. Chapter 7 will cover this case study in detail.

On the other hand, the second case study will demonstrate how the framework can be
used to evaluate the economics of minimising one individual waste stream. This case

study will be covered in Chapter 8.

By demonstrating that the economic evaluation framework can be applied to many
different waste streams, the study reported in this thesis can show that the framework

developed here is applicable to C&D waste in New Zealand.

Further, interviews with construction professionals revealed that 85% of interviewees
believed a cost of landfilling C&D waste to be $150 per tonne would be an appropriate
threshold to deter construction from disposing off C&D waste while at the same time
motivating the New Zealand construction industry to take waste minimisation seriously.
In this study, the validity of this claim will be tested by means of the economic
evaluation framework. Specifically, a cost figure of $150 per tonne for landfill charges
will be applied throughout the economic modelling process. It is anticipated that by
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understanding this variable, appropriate strategies can be subsequently developed to

facilitate a successful C&D waste minimisation programme in New Zealand.

6.7. Conclusion
This chapter has offered detailed discussions on the theoretical economic evaluation
framework to be used in this study. This framework has been developed from the
ground up using qualitative information provided by experienced construction
professionals in New Zealand as a basis. Calculations for economic modelling were
developed accordingly. As a result, the framework developed in this study is
appropriate to New Zealand construction. Further, this framework is flexible and can be

used to evaluate the economics of C&D waste minimisation for different streams.

To demonstrate its applicability to the various C&D waste stream, this framework will be
applied to two case studies. Chapter 7 will discuss how the framework can be used to
evaluate the minimisation of an aggregated waste stream in a new construction project.
Chapter 8 will describe how the framework can be used to evaluate the minimisation of

a single waste stream in a refurbishment project: brick waste.
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CHAPTER 7 - CASE STUDY ONE

ECONOMIC EVALUATION OF MINIMISING MULTIPLE C&D
WASTE STREAMS
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This chapter demonstrates the application of the economic framework described in
Chapter 5. The economic framework is applied to a wide range of C&D waste streams
in a new-build project. The waste streams considered are divided into two categories:

demolition waste and construction waste.

In the first category, waste considered includes Asbestos-contaminated waste, concrete
and scrap metals. While construction waste includes plasterboard, timber, polyester

materials, steel, cardboard, hardfill, plastic, glass and other general waste.

The waste data sets for this case study were provided by the specialist
demolition/waste management contractor and by the main contractor, respectively. The
data sets are actual accounts for this project and it will be used for the economic

evaluation of waste minimisation strategies, including zero waste, for this case study.

As argued in Chapter 5, the economic evaluation framework focuses on the design
stage of the project. However, for completeness, construction will also be included in
modelling process and briefly mentioned in the analysis. This chapter also explore the

‘design-out-waste’ component to understand its economic values to the client.

7.1. Case Study Overview
The case study considered in this chapter involves the development of a new education
centre for a major Auckland-based education provider. This chapter will evaluate the
economics of waste minimisation strategies associated with this development using the

framework developed in Chapter 6.
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7.1.1. Project Background

The building is located in the Auckland Central Business District (CBD). Auckland CBD
is the primary business and education district in Auckland Central, with high

concentration of education providers.

This was a complex project. First, there was a limited working space available for this
project. This is mainly due to the fact it is based in the Auckland CBD amid the high
density of surrounding office and apartment buildings. This means the work carried out

onsite during construction was strictly confined to the site boundary only.

The second challenge in this project was the fact that the building is in proximity to a
number of residential apartment buildings. This means careful planning was needed to
ensure the work onsite did not greatly disturb the daily lives of the people living within
the apartment buildings. Specifically, it was found that noise and dust pollution could be
the main issue during construction. Therefore, the contractor took appropriate steps to

ensure the minimum disturbances to people’s lives was achieved.

Finally, due to its central location, there was, and still is, a high traffic volume in the area
surrounding the site. This presented a significant logistical challenge. This problem
required the project team to undertake significant planning and develop execution
systems to ensure materials can be delivered to, and waste can be taken from, site in

an efficient and timely manner.

Once constructed, the building has a total floor area of 20,000 m?.
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7.1.2. Design Costs

The client indicated that the project budget was $90 million while construction cost for
the project was $74 million, meaning construction cost makes up 82% of the total

project cost.

Using the New Zealand Institute of Architect's Guide to Architects’ Services, NZIA 2007
1ST EDITION, the architect’s fee for this project can be estimated to be 5% of the

project cost (NZIA, 2007).

Using the Fee Guidelines for Consulting Engineering Services January 2004 — 1st
edition, the fees for the following engineering services can be estimated (ACENZ &
IPENZ, 2004). According to the Guideline, the consulting fees for this project are based
on the total contract price and consist of the sum of two parts: design percentage fee
and construction percentage fee. As shown in Table 14 below the average consulting

fees for engineering services is 11% of the project budget.

Table 14: Design Fee Breakdown

Engineer Design Fee as Design Fee as Percentage of = Total

Percentage of Project Construction Budget

Budget

Fire 5% 3% 8%
Structural 6% 3% 9%
Mechanical 9% 3% 12%
Electrical 9% 3% 12%
Average 11%

However, in this project all engineering consulting services were undertaken by one
major engineering firm. As a result, this engineering company offered a discounted fee

of 7% of project value.
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As the contractor and the specialist waste management contractor are also involved in
the design processes, it is anticipated that they also charge a fee for their inputs.
However, since their inputs are strictly restricted to waste minimisation and
constructability of the building, it can be assumed that their respective costs are minor.
Because of interviews with the architects, the building contractors and the waste
management contractor, it has been assumed that the design fees for contractor and

waste management contractor are 0.52% and 0.23% of the project budget, respectively.

In total, the design fee for both architectural, engineering services and waste
minimisation services consists of 12.75% of the total budget of the project. Table 15
summarises assumptions and calculations. Levels 5, 6 and 7 are as per waste

minimisation strategies shown in Table 10, section 6.4.3.1.

Table 15: Design Fee for Individual Profession as Percentages of Total Project Cost

ACTOR LEVELS5 | LEVEL 6 | LEVEL
7

Architect 5.00% 6.00% 6.60%
Structural Engineer 1.00% 1.20% 1.32%
Geotechnical Engineer 1.00% 1.20% 1.32%
Mechanical Engineer 2.50% 3.00% 3.30%
HVAC Engineer 2.50% 3.00% 3.30%
Contractor 0.52% 0.62% 0.69%
Waste Management 0.23% 0.28% 0.30%
Contractor
SUM 12.75% 15.3% 16.8%

As mentioned in Section 6.5.2, a waste minimisation strategy consists of a very small
part of the project budget, ranging between 0.1% - 0,5 % of project budget. In this case
study, it has been assumed that the waste management cost consists of only 0.1% of
the total project budget. This is purely for the purpose of evaluating the economics of

waste minimisation strategies.
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This means the economic considerations for the entire project consist of four major
areas: demolition, design, construction and waste minimisation strategy. Since the
costs as percentages for the latter three considerations are known, the cost for

demolition can be calculated as 5.03% of the total project budget.

Table 16: Design Fees as Percentages of Project Budget

Component Percentage of Project Cost
Budget
Design 12.75% $11,475,000.00
Demolition 5.03% $4,527,000.00
Construction work 82% $74,000,000.00
Waste Minimisation Strategy 0.10% $90,000.00

7.1.3. Design-out-waste Cost

For any waste minimisation strategy to succeed, there needs to be considerations for
designing out waste during the design process. Information on designing out waste is
extensive and can be found in guidelines such as the WRAP documentation. However,
there is a lack of information of the cost associated with design-out-waste
considerations in the design stage. Although it is possible to estimate the design-out-
waste component in the design process, by doing so in this study would mean the
scope of the research will be expanded significantly. Therefore, for the purpose of this

research, an assumption is made for the cost of design-out-waste component.

As per Section 6.5.2, the cost for the design-out-waste component is estimated to be
0.5% of the total design fee charged to the building owner (i.e. ‘the client’). This figure is
consistent with the interview findings while catering for a modelling purposes of this

research.
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7.1.4. C&D Waste Breakdown

As the framework developed in this research aims to evaluate the economics of C&D
waste this case study, it is essential to include both construction and demolition waste

in this chapter.

Demolition waste was provided by the specialist demolition and demolition waste
management specialist for this project. It was informed by the demolition company that
they managed to recycle 88% of all demolition waste for this job. The breakdown of

demolition waste is given in Table below.

Table 17: Demolition Waste Breakdown

Waste stream Amount (tonne)

Asbestos contaminated debris/waste 206.78
Demolition concrete rubble for land erosion protection at 750
Puketutu
Demolition concrete rubble recycled at Meremere 1,790
Demolition concrete rubble disposed at Swanson Cleanfill 150
Staff refuse disposed at Redvale 3
Steel recycled as scrap at Meremere 149
Non-ferrous recycled as scrap to Meremere 6
Asbestos contaminated waste water/sludge by Chemwaste 472

Total 3,059.5

On the other hand, the construction waste was made available to this research by the
main contractor for this project. It was informed by the contractor that 78% of all
construction waste was recycled by its specialist waste management subcontractors.

The breakdown of construction waste is given in Table 18 below.

Table 18: Construction Waste Breakdown

Weight(t) | Gib Timber | Poly | Steel | Cardboard | Hardfill | Plastic | General

Totals 10% | 48% 1% 1% 4% 36%
Weight | 470.61 47.69 | 24461 | 0.05 | 271 1.13 20.84 0.70 102.88
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Both data sets show that for both demolition and construction processes a significant
of waste was diverted from landfills. The rates of recycling of both construction and
demolition waste were high (78% and 88%, respectively). This reflects the waste
minimisation-focused nature of this project. Further, through this project, the client
wishes to promote demonstrate ‘sustainability’-driven design and waste minimisation

is achievable in large education facility projects.

7.2. Benefit Assumptions
The client in this project aimed to provide world-class education to their students. They
require modern teaching facilities to match such ambition. This project is part of the
client’s long-term development plan and was developed with significant sustainability
considerations in mind. Upon completion, the building became one of the education
provider's main landmarks in their City Campus. As a result, the client achieved

significant values from this development.

7.2.1. Direct Benefits

This project has helped the client to significantly expand their total gross and net floor
area by compared to their old building. It has been reported that the new building has
contributed to an increase of the total campus area by 25%. The new building has
allowed the client to increase their teaching and research capacities with the inclusion
of a screen and television studio, motion capture and Chroma key studio, performance
studio, radio station, sound and edit suites, digital media computer labs, and a brand-

new media centre.
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In addition, it has been reported that the over the life of the building, the costs for
maintenance and operation are expected to be relatively low for its size. This is
because the building has been fitted with low impact mechanical and electrical systems

as well as the use of long-life materials during construction.

Further, the building has offered the client opportunities to receive additional income
streams from leasing space on the ground floor to retailers who wish to serve the

client’s staff and students.

Finally, by undertaking such a large-scale sustainability-focused project, the client has

an opportunity to enhance their reputations as a young and innovative organisation.

7.2.2. Valuing Client’s Benefits

As can be seen, this project has shown there are significant benefits that the client can
derive from. Some benefits can have direct impacts on the client’s operations such as
potential earnings from leasing spaces or the increased teaching and learning spaces.
While other benefits such as increased reputation can be difficult to quantify. Overall,
each of the above benefit can be of certain values to the client. However, none these

values were quantified by the client.

Therefore, for this study, an assumption regarding the economics of these benefits has
been made. One of the client's representatives reported an estimated intangible
economic benefit achieved by the client one year after the project completion to be
between $100,000 and $500,000. For the modelling purposes, this research uses the
median value of the intangible benefits, i.e. $300,000. This monetised intangible benefit

is sufficient for the economic modelling in this research.
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7.3. Economic Calculations

The economic framework proposed in Chapter 6 is flexible because individual waste
stream can be modelled either separately or aggregately. In other words, if information,
such as cost or tonnage, for a waste streams is known (or estimated), the necessary
calculations can be made separately; and then added together to obtain the result for a
component of such an individual waste stream. However, if not all information about a
waste stream is known or estimated, aggregated information can be used for
calculations instead. In this research, the aggregated information comes in the form of
average values. Although there are many ways to aggregate the cost and/or tonnage
information, this research chooses average value as a preferred method for modelling

purposes.

There are several waste streams considered in this research as outlined in Section
7.1.4 above. Although the breakdown of the waste during construction is detailed and
informative, the breakdown of waste during demolition is not. Waste breakdown during
demolition tends to focus on concrete waste. As a result, there is a lack of information in
other demolition waste streams (such as glass, or plasterboard waste). The lack of
information here means that an aggregated estimation method may be more
appropriate than individual calculation method. This is because the aggregated
estimation method will reduce unnecessary (and potentially inaccurate) assumptions

regarding waste streams such as plasterboard and glass.

Based on the above analysis, it was decided that the aggregated estimation method is

used in this case study.
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To ensure consistency was maintained throughout the case study, the cost components

associated with materials and waste would also be aggregated.

The costs of new materials were first obtained from various sources including Laurie
Forestry for timber (Laurie, 2016), Rawlinsons New Zealand Construction Handbook
2011 Edition (plasterboards) and the New Zealand Heavy Engineering Research
Association and MetalCorp for steel and scrap metals (HERA, 2010; MetalCorp, 2016).
Subsequently such costs were averaged to obtain aggregated values. This is shown in

the table below:

Table 19: Costs of New Materials

Material Cost ($/tonne) Average Cost
($/tonne)

Plasterboard $360

Timber $140 $316.67
Steel $1400

Cardboard N/A ($0)

Poly N/A ($0)

Plastic N/A ($0)

For plasterboards, it was assumed that is the unit cost of each plasterboard sheet is
NZD$10. Given that a standard-sized plasterboard sheet weighs 28.08kg, meaning a

tonne of plasterboard consists of 36 sheets and has a unit cost of $360 per tonne.

Similarly, cost information regarding recycled and/or reused materials was obtained
through specialist waste management companies and material manufacturers as well
as publicly available information from the Ministry for the Environment’s website (MfE,

2008) and MetalCorp website (MetalCorp, 2016). The aggregated cost for recycled
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Plasterboard, Timber, Steel, Cardboard/Paper, Glass and Plastic is estimated to be

$115 per tonne.

7.4. Unit Cost Calculations
References for unit cost calculations come from a few sources, including Rawlinsons
New Zealand Construction Handbook 2011 Edition and feedback from practicing

professionals in New Zealand construction.

7.4.1. Base Rates for Calculations

The information obtained from Rawlinsons includes charge-out rate for machinery and
labour, average fuel capacity of machinery and cost for diesel fuel (Rawlinsons, 2011).

This information is shown in the Table 20 below:

Table 20: Charge-out Rates for Machinery

Description Figure Unit
Charge-out rate per machine (incl. labour) $ 120.00 $/hour
Average Fuel capacity of machine 450 L
Diesel fuel (based on 25L per hour) 3 $/L

On the other hand, the specialist demolition contractor provided specific information

around haulage and carting of waste materials as shown in the Table below.

Table 21: Haulage Charge

Description Figure Unit
Haulage rate $5.00 $/km
Haulage capacity 20.00 tonne per skip
Average loading factor (for waste) 15 N/A
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From the information obtained from these two sources, several important unit costs
could be estimated. These unit costs are unit cost of waste collection, unit cost of
sorting waste, unit cost of recycling waste, unit cost of reusing waste and unit cost of

energy used. The following sections will discuss the derivations of these unit costs.

7.4.2. Unit Cost of Collecting Waste

In this research, Google Maps was used to track and estimate distances from the
construction site to various waste landfill and cleanfill sites. The research found that the
average distance travel from site to waste disposal sites (d) is 60 kilometres. Given the
haulage rate (hr) is $5 per kilometre and a loading factor (If) of 1.5, the cost of haulage

per trip (H) is:
H=d x hrxIf =60 (km) x5 ($/km) x 1.5 = $450 ($)
Hence the unit cost of waste collection is (Uc) is a division of haulage cost per trip (H)

by the truck capacity (c), this gives:

u i 3450 $22.50 ($/t
=— = = : onne
‘Tc 20 (tonnes) ( )

7.4.3. Unit Cost of Sorting Waste

To process 3530.11 tonnes of C&D waste in this project, this research assumes there
needs to be 15 machines (Ma) based on feedback from the waste management
contractor. These machines include trucks and specialised machinery that process

waste at landfill.
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According to Rawlinsons, the average charge-out rate (Cr) for machinery with
associated labour (including driver/operator) is $120 per hour. Hence, the total charge-

out rate (TCr) for 15 machines is:
TCr=Ma x Cr =15 x $120 = $1800 ($/hour)

Suppose it takes half an hour (Ts) to sort one 20-tonne capacity skip bin full of waste,

the total time (T) taken to sort out all 3530.11 tonnes of waste is:

w XTs 3530.11 (tonnes)x0.5(hours)
T= = = 89 (hours)
c 20 (tonnes)

This research assumes that the waste sorting rate (Rs) is 90%. This figure is
reasonable, as this is a waste minimisation-focused project. As such, there was a
strong emphasis on waste processing. This assumption means that a majority of the
C&D waste produced by the project was sorted either onsite or off-site. Based on this

assumption, a total of waste sorted (WSs) is:
Ws =w x 90% = 3530.11 x 90% = 3,177.099 (tonnes)

Therefore, the unit cost of waste sorting Is:

$
TerxT 1800 (:——) x89 (hours)
s= = = $50.42 ($/tonne)
Ws 3,177.099 (tonnes)

It must be noted that although a C&D waste sorting rate in this project was around 90%,
not all sorted waste was reusable or recyclable and thus residual waste was still
present. As shown in section 7.4.4 below, a recycle rate of C&D waste in this project

was around 78% only.
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7.4.4. Unit Cost of Recycling and Reusing Waste

The main contractor reported that in this project the final recycling rate of C&D waste
was around 78%. As a result, the recycling rate (RR) of 78% is used in this study’s

economic modelling.
This means the total waste recycled (SM) is:
SM =w x RR = 3530.11 (tonnes) x 78% = 2753.4858 (tonnes)

Assuming it takes 1 hour to process and recycle C&D waste, the total hours (Tr)

needed to process and recycle waste is:
Tr=SM x 1 =2753.49 (tonnes) x 1 (hour/tonne) = 2753.49 (hours)

Therefore, the unit cost of recycling is:

Tr XCr _ 2753.49 (hours) X120 ($/hour)

Ure =
SM 2753.4858 (tonnes)

= $120 ($/tonne)

Calculation for reusing waste is similar to that of recycling waste. As a result, the unit

cost of reusing waste is Uw = $120 ($/tonne)

7.4.5. Unit Cost of Energy
The total trips (Twip) required to cart away the project’'s C&D waste is

w 3530.11 (tonnes) .
Tuwip=— = = 177 (trucks or trips)
c 20 (tonnes/trucks)
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For the purpose of modelling, each of the above 177 trucks or trips can be treated as a
unit of machinery. Combine with the machinery required for processing waste, the total

units of machinery required for the entire project is:
Tmachine = Ttrip + Ma = 177 + 15 = 192 (machines)

Based on Rawlinsons’ information, the average fuel capacity (F) of a large
machine/truck is 450 litres and the cost of diesel fuel (cf) is $3 per litre (Rawlinsons,

2011). This means the unit cost of energy used by all machinery is:

. $
Tmachine xXFXcf 192 (machines) x450 (L)X3 (Z)
Uen= =
" w 3,177.099 (tonnes)

Uen = $73.43 ($/tonne)

It has been shown in literature that, significant investments must be spent to achieve
zero waste. By doing so, it is anticipated that the processing and energy costs will also
increase (Phillips, 2012). For this reason, it has been assumed in this study that the
energy and processing costs will be increased by 25% and 50% for Levels 6 and Level

7 strategies, respectively, compared to the baseline strategy (Level 5).

7.4.6. Design-out-waste Costs

As mentioned in Chapter 6, in this project, at least 78% of C&D waste was diverted
from landfill. This was an aggregated figure provided by the contractor and demolition
sub-contractor. This study also considers eight strategies ranging from landfilling waste

to zero waste. From a modelling perspective, it is appropriate to have Level 5 waste
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minimisation strategy as the baseline for analysis. This is because Level 5 is the
beginning of the 70% mark of waste reduction. Given the actual waste reduction rate of
the project is between 78% and 95% (for construction waste and demolition waste

respectively), this baseline is appropriate.

It was assumed in Chapter 6 that the design cost increases proportionally to the
increase in waste reduction level. The rates of increase are 15% and 30% for increases
from Level 5 to Level 7 and from Level 6 to Level 7, respectively. The total design cost

for each strategy are shown in Table 22:

Table 22: Design Cost for Each Strategy
Level 5 6 7

Design Cost $ 11,475,000.00 $ 13,770,000.00 @ $15,147,000.00

Further, since the design-out-waste component consists of 0.5% of the total design cost
(see Section 7.1.3), the cost of this component for each level of waste minimisation is

presented in Table below.

Table 23: Design-Out-Waste Cost for Each Strategy
Level 5 6 7

Design-out-waste Cost = $57,375.00 $68,850.00 $75,735.00

7.5. Results of the Economic Evaluation
In this study, Microsoft Excel™ is the chosen economic modelling tool. This choice is
adequate as Microsoft Excel™ contains many powerful built-in mathematical packages

for modelling purposes. All waste minimisation strategies are modelled in Microsoft
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Excel™. All modelling outputs are also analysed in Microsoft Excel™. This ensures the

consistency of the study.

With the all necessary unit costs established in the Section above, the economic

modelling framework can be used to evaluate the waste minimisation strategies.

In this case study, four waste minimisation strategies will be considered. They are Level
1 (disposing of waste to landfill); Level 5 (baseline analysis); Level 6 (minimising waste
by 71%-95%) and Level 7 (zero waste). The Level 5 waste minimisation strategy is the
baseline level for analysis as per discussion above. On the other hand, the inclusion of
Level O waste strategy is necessary for comparison purposes. By including Level O
C&D waste strategy in the study, this research can compare the economics of landfilling

waste with the economics of other waste minimisation strategies.

Using the formulations established in Chapter 6, results for each strategy can be

obtained as shown in Table 24 below.
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BENEFIT COMPONENT LEVEL 1 LEVEL 5 LEVEL 6 LEVEL 7
Intangible benefits $300,000.00 $300,000.00 $300,000.00 $300,000.00
Cost saving from reusing materials $ - $181,538.91 $277,647.74 $355,958.64
Cost saving from recycling materials $ - $181,538.91 $277,647.74 $355,958.64
Cost saving from non-disposal of materials $ - $270,053.42 $413,022.87 $529,516.50
Revenue from selling recycled/repurposed materials $ - $207,040.95 $316,650.87 $405,962.65
Total cost saving $300,000.00 $1,140,172.19 $1,584,969.22 $1,947,396.43
COST COMPONENT LEVEL 1 LEVEL 5 LEVEL 6 LEVEL 7
Cost of design out waste 0 $57,375.00 $68,850.00 $75,735.00
Cost of waste strategy $90,000.00 $90,000.00 $90,000.00 $90,000.00
Cost of reusing waste 0 $216,042.73 $ 330,418.30 $ 423,613.20
Cost of energy used in repurposing C&D waste 0 $66,100.07 $126,376.79 $194,411.98
Cost of recycling waste 0 $216,042.73 $ 330,418.30 $423,613.20
Cost of energy used in recycling C&D waste 0 $66,100.07 $126,376.79 $194,411.98
Cost of waste collection $79,427.48 $79,427.48 $79,427.48 $79,427.48
Cost of waste landfill $529,516.50 $259,463.09 $116,493.63 $ -

Cost of waste materials $1,117,879.93 $547,761.17 $245,933.59 $ -

Total Cost of Waste

BENEFIT - COST RATIO

Table 24: Modelling Result - Case Study One

$1,816,823.91

17%

178

$1,598,312.34

71%

$1,514,294.87

105%

$1,481,212.84
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7.6. Analysis
This section provides detail analyses of the results obtained from the Section 7.5

above. Three areas that will be considered in this section:

1. The cost of waste versus the cost savings from waste minimisation
2. The cost effectiveness of waste minimisation via design-out-waste
3. The economic efficiencies of waste minimisation strategies

The first consideration is achieved by a direct comparison between the two key
components of a waste minimisation strategy, namely the monetised benefits

associated with a strategy versus the cost of implementing the corresponding strategy.

The second area involves a detailed analysis of the economic effects that design-out-
waste can have on a waste minimisation strategy. The analysis in this area covers
matters such as implications of design-out-waste in practice and potential issues

associated with its implementation.

Finally, the economic efficiencies of each waste minimisation strategy is weighed
against to provide a good understanding of the economic performance of each strategy.
This is achieved by means of a benefit-cost ratio (BCR). The benefit-cost analysis will
also help identify the waste minimisation rate which is considered the economically

optimal rate for the waste minimisation in this case study.

7.6.1. Basis of Comparison

In this research, efforts have been made by the researcher to ensure consistency is
maintained. For comparison purposes, necessary moderations in calculations were

made to make sure costs were compared to corresponding cost savings appropriately.
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As seen in the Table 24, this research contains five cost savings components and nine
cost components. Since each cost component contains two elements addressing
different parts of the same component, the cost elements of a same component can be
amalgamated to produce an overall cost for that component. The newly amalgamated
costs can then be compared to the cost savings of the corresponding components

(Table 26).

Cost savings/benefit components and their corresponding cost components are shown

in Table 25 below:

Table 25: Basis of Comparison Conversion

Cost Saving/Benefit Amalgamated Cost (AC) | AC as Sum of Cost Element
Cost saving from reusing | Cost of reusing materials Cost of reusing waste and
materials Cost of energy used in

repurposing C&D waste
Cost saving from Cost of recycling materials | Cost of recycling waste and
recycling materials Cost of energy used in
recycling C&D waste
Cost saving from non- Cost of waste collection Cost of waste collection and
disposal of materials and landfilling Cost of landfilling waste
Revenue from selling Cost of waste materials Cost of waste materials
recycled/repurposed
materials
Intangible benefits Cost of design-out-waste Cost of design out waste and
and waste strategy Cost of waste strategy
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Table 26: Converted Results

LEVEL . LEVEL1 | LEVEL5 | LEVEL6 | LEVEL7
Benefit Component

Intangible benefits $300,000 $300,000 $300,000 $300,000
Cost saving from reusing $- $181,539 $277,647 $355,958
materials

Cost saving from recycling $- $181,539 $277,647 $355,958
materials

Cost saving from non-disposal $- $270,053 $413,023 $529,516
of materials

Revenue from selling recycled $- $207,040 $316,650 $405,962
Total Cost Savings/Benefits = $300,000.00 &= $1,140,172 @ $1,584,969 $1,947,396

Cost Component

Cost of design out waste + $90,000 $147,375 $158,850 | $165,735

waste strategy

Cost of reusing materials $- $282,142 $456,795 | $618,025

Cost of recycling materials $- $282,142 $456,795 | $618,025

Cost of waste collection + $ 608,944 $338,890 $195,921 $79,427

landfilling

Cost of waste materials $1,117,879 $547,761 $245,933 $-

Total Cost of Waste $1,816,823 | $1,598,312 | $1,514,294 | $1,481,212 ‘
' BENEFIT - COST RATIO | 17% | 71% . 105%  131%

As shown in Table 26, the cost of waste decreases when rigorous waste minimisation
strategies are implemented; while at the same time, cost savings increase
proportionally. This results in an increasing benefit-cost ratio across four strategies

considered (Levels 1, 5, 6 and 7).

7.6.2. Costs versus Savings

The cost saving components of each waste minimisation strategy was charted against
their respective cost components as in Figure 5. Sections 7.6.2.1 — 7.6.2.4 will explain

this figure in more detail.
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COST SAVING VERSUS COST OF WASTE STRATEGIES

sLEVEL7

COST SAVING «LEVEL 6 COST
«LEVEL 5

sLEVEL 1

Revenue from selling recyclec

I/repurposed materials _--

ost of waste collection + landfilling

Cost saving from no

l ial
Cost saving from re Cost of recycling materials

. . Cost of reusing materials
Cost saving from re g
Intangible benefits Cost of design out waste and waste strategy implementation
$600,000 $500,000 $400,000 $300,000 $200,000 $100,000 $0.00 $200,000.00 $400,000.00 $600,000.00 $800,000.00 $1,000,00000  $1,200,000

Figure 5: Tornado Chart of Benefits and Costs - Case Study One
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7.6.2.1. Analysis of ‘Do-Nothing’ Waste Strategy (Level 1)

Generally, the cost of waste in Level 1 waste strategy is most significant among the four
waste strategies considered. Both ‘cost of waste materials’ and ‘cost of waste collection

and landfilling’ in this strategy remain highest among the four strategies considered.

At the same time, as C&D waste is being disposed of in landfill, there is no cost for
recycling and repurposing materials. Perhaps this is the only upside in this strategy.
Despite this, the total cost of waste for this strategy remains significantly high (second
only to the zero-waste strategy). This high cost of waste shows that this strategy may
not be cost effective for the client since it does not offer the client any potential benefits

like the other strategies can offer.

There is no cost saving offered to the client in this waste strategy because when the
client decides to send the waste materials to landfill, they have, in effect, buried any
potential cost savings that can be derived such ‘waste’. For instance, the client cannot
on-sell any processed materials to the secondary markets in this strategy in order to

offset the costs of purchasing the original materials.

A combination of a significantly high cost and low returns on investment shows that the
‘do-nothing’ strategy (Level 1) does not, and cannot, offer the client an economical

waste minimisation strategy.

From the economic perspective, this strategy is not economically sound. A benefit - cost
ratio of 17% shows Level 1 strategy can offer a relatively low level of economic
efficiency, thus potentially a low return on investment. Assuming the client is rational
and makes investments which maximises their utilities, from an economic perspective it

is likely that they would explore other alternatives before revisit this strategy.
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7.6.2.2. Analysis of Level 5 Waste Minimisation Strategy

As shown in Figure 5, the cost of waste materials for this strategy is slightly higher than
the potential revenues that can be derived from it. Unlike Level 1 strategy, the baseline
strategy offers the client more cost savings in all five benefit components. The cost
savings for four benefit components in this strategy (reuse, recycle, non-disposal and
resale) are $181,538.91, $181,538.91, $270,053.42 and $207,040.95. However, the
costs for the respective cost components remain higher than the cost savings for these
four components ($282,142.80, $282,142.80, $338,890.57 and $547,761.17,
respectively). The only exception to this rule is in the last component, where value of
intangible benefits is higher than that of the corresponding costs ($300,000.00

compared to $147,375.00).

Although the cost savings in this strategy are still modest, the higher values in benefit
compared to the Level 1 waste strategy show a significant improvement in terms of
values this strategy can offer to the client. Specifically, the baseline waste minimisation
strategy shows a high degree of economic efficiency with BCR equalling 71%,
compared to Level 1's BCR of 17%. This means that economically this strategy

performs better than the Level 1 waste strategy.

7.6.2.3. Analysis of Level 6 Waste Minimisation Strategy

In this strategy, the levels of cost savings have improved significantly compared to the
two previous strategies. Apart from the reuse and recycle components, all three other
cost saving components show higher values than those in respective cost components.
This is because more waste is being diverted from landfill. As less waste end up in
landfills, the client pays less to dispose of waste there. Given that the cost of landfilling

is $150 per tonne, the client can save significant amount in this manner.
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As ‘waste’ is now becoming precursor materials for industrial processing, i.e.
‘resources’, it can be resold or traded in secondary markets to help recuperate some of

the costs the client has first paid for the materials.

The reason the costs of recycling and repurposing materials remain high is due to tow
reasons. First, as shown in Chapter 6, there is an assumption that the energy costs
associated with recycling operations at Level 6 waste minimisation strategy will
increase by 25% compared to those in Level 1 and Level 5 waste strategies. This
means that the energy costs in this strategy are much higher than those in previous

strategies.

Second, as waste minimisation strategies become more rigorous, more ‘potential
resources’ (previously known as ‘waste’) become available. That means there may be
an increase in demand to process and turn these ‘potential resources’ into usable
products. In turns, this means that the cost for recycling and repurposing operations
must increase accordingly. The combined effect of these two cost elements means that

the overall costs for processing waste remain high.

Despite the high processing costs, Level 6 waste minimisation strategy has shown a
significant economic efficiency; with the benefit-cost ratio remaining over 100%. This
high economic efficiency shows that even with a moderately high waste minimisation
rate (78%), the project has provided the client a significant value for money. It also
shows that it is worth undertaking a waste minimisation; but with waste minimisation

rate of at least 78% to ensure an appropriate level of returns on investment.
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7.6.2.4. Analysis of Zero Waste Strategy — Level 7

Zero waste is the ultimate waste minimisation strategy considered in this research. As
shown in the economic framework developed in this research, in this strategy 100% of
‘waste’ is utilised as ‘resources’ for further industrial processes. In other words, this

strategy achieves total efficiency in usage of all C&D materials.

To adhere to this ideal, the economic model for the zero waste strategy assumes a
waste reduction rate 100% for this strategy. This means in this strategy there is no
residual waste, as all ‘waste’ is recycled, reused or repurposed for other uses. Under
this assumption, the cost of waste materials is zero, since no material is wasted under
this strategy. Similarly, there is no cost of disposal, as no waste will end up in landfill.
The only cost that remains is the cost of collection, as there is still a need to collect the

waste (or new ‘resources’) for further industrial processing.

As in the case of Level 6 waste minimisation strategy, the cost of recycling and the cost
of reusing outweigh the corresponding benefits. This is mainly due to the increases in
both recycling/reusing costs and energy costs. As all ‘waste’ are now ‘resources’ which
need to be processed, the processing costs must increase significantly. At the same
time, under an assumption in Chapter 6, the energy cost associated with such industrial
operations also increase by 50% compared to that in Level 1 and Level 5 waste
strategy. Together, these two cost elements contribute to the significant increases in

recycling and reusing cost components of the zero waste strategy.

It can be observed from Figure 5 that the design cost for the zero waste strategy is
highest among all strategies considered. The high design cost here is due to two

elements: the time and effort required by designers to ensure no waste is generated;
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and the high cost of compliance associated with the rigorous waste minimisation

practices required by the zero-waste strategy.

In the first element, to achieve zero waste, it is anticipated that the design team
(including architects, engineers and contractors) must spend considerable time and
effort to design systems that generates no waste during construction. It is no doubt that
such a system, if it exists, would be highly complex. This time and effort spent on

design also means that the cost associated with design will likely increase.

Once the waste minimisation system is designed, it must be implemented in order to
achieve the ‘zero waste’ objective. It is contended that due to construction’s fragmented
nature, the implementation of such a system would be highly complicated. Therefore,
there will be a need for a rigorous implementation plan as well as associated
compliance strategy. This requirement means that the cost associated with a waste

minimisation strategy will likely increase as well.

However, the combined cost of these two elements is shown in Figure 5 to be relatively
low compared to their associated benefits, the monetised intangible benefits. This
means that despite the increases in design and compliance costs, the client can derive
much more significant values from the zero-waste strategy. In fact, this strategy has
shown to be the most economically efficient strategy, with BCR remaining well above
the 130% mark. The comparison of economic efficiencies between waste minimisation

strategies will be discussed in detail in Section 7.7.
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7.6.3. Analysis of Design-out-Waste

The design-out-waste cost comprises a small portion (0.5%) of the total design cost of
this project. However, as in Chapter 6, the rate of design cost increases between

different waste minimisation levels are:

Table 27: Assumed Increases of Design Fees (Duplicate of Table 12)

From strategy to strategy Rate of design fee increase
1TO?2 20%
2703 10%
3704 10%
4TO5 10%
5TO6 15%
6 TO7 30%

Given that the baseline waste minimisation strategy in this case study is Level 5, the
breakdown of design cost and the cost of the design-out-waste component can be

calculated and presented in Table 28.

Table 28: Design Cost and Design-Out-Waste Cost for Each Strategy
Level 5 6 7

Design Cost $11,475,000.00 $ 3,770,000.00 @ $15,147,000.00
Design-out-waste Cost $ 57,375.00 $ 68,850.00 $ 75,735.00

As the design cost increases, the cost of design-out-waste component also increases
proportionally. This is a response the increased complexity in waste minimisation
requirements. As more waste is being minimised, the designers must find more
innovative ways to help meet this goal. This means the designers must collaborate with
other parties, including contractors and material manufacturers, to research and
incorporate durable materials or materials that can be reused / recycled after their

useful lives in the design. The increased cost is a reflection of the increased efforts and
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time spent on researching, understanding and designing systems that can offer minimal

wastages.

7.6.3.1. Design Participants’ Learnings

As outlined above, the design-out-waste is complex and time consuming process which
involves participations of different parties. This means the participants in this process
must also get paid. And their payments should be proportional to the increased
complexity. The cost breakdown for each actor in design (Table 29) and design-out-

waste (Table 30) can be calculated.

Table 29: Design Cost Breakdown for Each Profession

ACTOR LEVEL 5 LEVEL 6 LEVEL 7

Architect $ 4,500,000.00 $ 5,400,000.00 $ 5,940,000.00
Structural Engineer $ 900,000.00 $ 1,080,000.00 $ 1,188,000.00
Geotechnical Engineer $ 900,000.00 $ 1,080,000.00 $ 1,188,000.00
Mechanical Engineer $ 2,250,000.00 $ 2,700,000.00 $ 2,970,000.00
HVAC Engineer $ 2,250,000.00 $ 2,700,000.00 $ 2,970,000.00
Contractor $ 468,000.00 $ 561,600.00 $ 617,760.00
Waste Management $ 207,000.00 $ 248,400.00 $ 273,240.00
Contractor

SUM $ 11,475,000.00 $13,770,000.00 $ 15,147,000.00

Table 30: Design-Out-Waste Cost Breakdown for Each Profession

ACTOR LEVEL 5 LEVEL 6 LEVEL 7
Architect $ 22,500.00 $ 27,000.00 @ $ 29,700.00
Structural Engineer $ 4,500.00 $ 5,400.00 $ 5,940.00
Geotechnical Engineer $ 4,500.00 $ 5,400.00 $ 5,940.00
Mechanical Engineer $ 11,250.00 $ 13,500.00 @ $ 14,850.00
HVAC Engineer $ 11,250.00 $ 13,500.00 @ $ 14,850.00
Contractor $ 2,340.00 $ 2,808.00 $ 3,088.80
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Waste Management $ 1,035.00 $ 1,242.00 $ 1,366.20
Contractor
SUM $ 57,375.00 $ 68,850.00 $  75,735.00

As can be seen in Table 29 and Table 30, everyone involved in the design and design-
out-waste processes get paid well. Aside from traditional designers such as architects
and engineers, contractors also make good money for their involvement in the design
stage. From an investment perspective, it is a good idea and good practice to get the
contractors involved early in the design process for two reasons. First, as contractors
get involved in the design stage, they can improve the overall constructability of the
project with their practical inputs. In a way, this will reduce the process waste

significantly due to prompt communication between the designers and the contractors.

Second, if the project has the participation of contractor, it is likely that contractor take
ownership of their work. This in turns means the contractor will likely take proactive
actions to reduce and minimise wastages during construction. This can be done by
requiring sub-contractors to take actions to reduce and minimise waste to meet required
targets. As construction is fragmented in nature, construction work onsite is often
delegated or subcontracted to various parties. When the main contractor gets involved
in a waste minimisation-focused project, they have the power to force subcontractors to
meet waste minimisation targets set by the designers and clients. This is up to the
subcontractor to ensure they have appropriately trained personnel to carry out the work
while meeting waste minimisation targets. This means all commitment regarding skill
training for onsite operatives rests with the subcontractors, and at subcontractors’ costs.
In other words, the main contractors can derive significant benefits from a waste

minimisation-focused project with minimal to no downsides. Benefits to the contractors
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can be tangible and intangible. Tangible benefits come from earnings from design, free
training in waste minimisation while intangible benefits come from marketing exposures
and improved reputation. This is means the contractor can get more benefits from a
waste minimisation project compared to a non-waste-focused project of a similar
construction price. From an economic perspective, the contractor would be willing to get

involved in, and committed to, a waste minimisation-focused building project.

7.6.3.2. Cost Implications to the Client

From the client’'s perspective, the investment in design can offer significant potential
pay-offs. Having a good design with thorough considerations for waste can result in
fewer materials are being wasted in a project. This allows to the client to receive
significant cost savings (as in the case of Level 6 and Level 7 strategies). At the same
time, the client can get significant ‘soft’ benefits such as improved reputation and
marketing. Although it can be difficult to quantify these ‘soft’ or intangible benefits, they

exist and are of value to the client.

Despite the fact that the design and design-out-waste costs can increase depending on
the types of waste minimisation strategy, given the significant benefits that the client
can get from the project, such increased costs will unlikely deter the client from a waste

minimisation/zero waste strategy.

7.7. Benefit-Cost Analysis
Benefit-Cost Ratio (BCR) of each strategy is essentially the ratios of total monetised
benefits and total costs. BCR assesses the economic efficiency of a strategy. In other

words, it measures how returns on an investment weigh against the associated costs.
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In a given economic environment, an investment with a high BCR the ratio shows such
an investment is economically efficient and can offer the investor better value for

money.

In this section, BCRs of all four waste minimisation strategies in this project are

extracted from Table 24 and Table 26 and presented in Table 31 and Figure 6.

Table 31: BCR for Each C&D Waste Minimisation Strategy

LEVEL 1 5 6 7
Total Cost Saving $300,000.00 $1,140,172 $1,584,969 $1,947,396
Total Cost of Waste $1,816,823 $1,598,312 $1,514,294 $1,481,212
BENEFIT - COST 17% 71% 105% 131%
RATIO

Figure 6: Presentation of Results in Case Study One
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There is a trend across all four waste minimisation strategies: there is an increase in
benefits and cost savings while at the same time the costs associated with the

corresponding strategies are diminishing. This trend is presented in Figure 6.
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This inverse relationship between benefit and cost has resulted in the increases in

BCRs from Level 1 strategy to Level 7 strategy.

7.7.1. BCR of Level 1

Of the four strategies under consideration, waste strategy Level 1 offers the lowest BCR
of 17%. This strategy has the highest cost of waste but with the lowest benefits offered
to client. From an investment perspective, this strategy has a low level of economic

efficiency and as such it is unlikely to be implemented.

7.7.2. BCR of Level 5

The baseline waste minimisation strategy of this case study is of a relatively high order
in all waste strategies considered in this research (Level 5). This means under this
strategy, at least 51% of C&D waste must be reduced and diverted from landfill. This is
a significant waste minimisation requirement and thus has required a significant level of
investments in design and implementation. Due to a relatively high level of investment it
has received, the baseline waste minimisation strategy has achieved a high degree of
economic efficiency. The BCR of this strategy equals 71%. Overall, this strategy has a
relatively low energy cost compared to Level 6 and Level 7 strategies. However, the
costs associated with waste disposal and material waste remain higher than those of
Level 6 and Level 7 strategies. Nevertheless, this strategy may still be worth

considering, given its high economic efficiency level.
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7.7.3. BCR of Level 6 and Level 7

Both Level 6 and Level 7 waste minimisation strategies can offer the client total
efficiency (105% and 131%, respectively). In other words, these strategies can provide
the client a significant value for money. It is thus worth comparing the Level 6 waste
minimisation strategy and the Level 7 zero waste strategy. This comparison is useful

because it can help identify an optimal waste minimisation strategy for this case.

Overall, Level 6 has a much lower cost in four main cost categories than the zero waste
strategy. These categories are design-out-waste, recycling, reusing and energy used in
processing waste. However, since Level 6 strategy can only reduce 78% of C&D waste,
there is still a significant wastage present in this strategy. This in turns means that the
costs associated with waste disposal and material waste in Level 6 strategy is much
higher than those in the zero waste strategy. In fact it is these high cost components

that have contributed to the higher overall cost of Level 6 compared to that of Level 7.

In a zero waste strategy there is no cost of disposal, as all ‘waste’ is now ‘resources’ for
industrial processing; thus eliminating the need to dispose of waste to landfills. At the
same time, the client also achieves significant increases in cost savings due to this
elimination. The net effect of decreased costs and improved benefits is the BRC under
this strategy has increased significantly (131% compared to 105% in Level 6 strategy).
This sharp increase in BCR is due to the aggressive steps taken in minimising waste

streams.

However, zero waste is an idealised concept and it is impossible to achieve total
elimination of waste. As such, in reality the Level 7 waste minimisation is impractical
despite its high economic efficiency yielding. On the other hand, Level 6 waste
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minimisation is achievable, and has been achieved in this actual case study. As both
strategies give the client total economic efficiency, and Level 6 is more achievable than
its contemporary Level 7, it is contended in this research that the Level 6 waste

minimisation is the optimal strategy for this case study.

Therefore, it can be argued that it is worth undertaking a waste minimisation in this
case; but the waste minimisation rate must be at least 78% to ensure an appropriate

level of returns on investment.

7.8. Findings
7.8.1. Waste Strategy Level 1 — Landfilling

From the analysis sections, there is little value to the client in disposing of C&D waste to
landfill. By sending waste to landfill, the client gets little economic benefit. The only
benefit to the client in this strategy is savings on labour cost on site from waste
segregation. However, they are still liable for a cost for disposing of such waste,
meaning the client ends up paying twice for the same material. Initially they must pay
for the new and virgin materials for the construction of the building. Then once some of
the new materials is demoted to ‘waste’ during the construction process, the client must

pay a fee to dispose of this waste.

Further, as landfill charges get more expensive, it makes the practice of disposing of
waste an expensive option. At a landfill charge of $150 per tonne, it has been shown
that the disposal costs become a major cost component in the project. Due to this fact,

the client should start to look for approaches to reduce the C&D waste output.

195



CHAPTER 7 — CASE STUDY ONE

7.8.2. Waste Minimisation Levels 6 and 7

Unlike the ‘landfill’ option, the client can get significant economic advantages from
higher level ‘waste minimisation’ strategies (Levels 6 and 7). These advantages include
opportunities to save on materials (as limited wastages occur, and end up, in landfills
under these strategies); opportunities to save on transportation costs (as materials can
be delivered on demand, and minimal dumping trucks required under these strategies);

and opportunity to on-sell the excess materials to secondary markets.

In addition, under these strategies, the client has an opportunity to engage closely with
other stakeholders such as architects, engineers and contractors to manage and
minimise waste. These collaborations can be explicitly expressed via penalty/incentive
schemes to encourage the stakeholders to uptake waste management practices
throughout the project. Since money is an important economic driver in construction, by
having such a scheme could significantly increase the success rates of a waste
management programme (Tam & Tam, 2008). It has been argued by Tam & Tam
(2008) that an introduction of a penalty/incentive scheme can enhance the chance of
achieving the project’'s waste minimisation goals. However, this study does not explore
this avenue since it lies outside the scope of the study for the reasons outlined in
Chapter 5. Instead, it has been shown in the analysis above that minimisation and zero
waste strategies are viable and more economically more efficient than the ‘do-nothing’

strategy, i.e. landfilling waste.

Nevertheless, it has been observed by the researcher that the implementation of a
penalty/incentive scheme will likely require a robust contractual agreement between

project partners as well as a comprehensive waste management/waste minimisation
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plan. This means such a penalty/incentive scheme, if introduced, may increase the cost
component significantly compared to the ‘landfill’ strategy. But as shown in the analysis
above, the economic benefits offered by the ‘waste minimisation’ and ‘zero waste’
strategies can outweigh the additional administrative costs of a waste minimisation
strategy. As such, there may be room to include a penalty/incentive scheme. However,
since this area is outside the scope of the study, there is no way to confirm or deny this

observation. This is indeed an opportunity for subsequent research to explore.

Aside from the direct economic benefits that the client can derived from waste
minimisation and zero waste strategies, the client can also obtain many intangible
benefits from having ‘waste minimisation’ and ‘zero waste’ strategies in their projects.
These include opportunities to improve their reputations and credentials, thus
increasing the opportunities to market their brand/image. In turns, the project creates an
opportunity to increase the value for the education provider via highly competitive
rentals to tenants. Further, the client representative has advised that the development
of this education building has contributed significantly to the increased morale and

productivity of staff and students.

As previously noted in Chapter 6, for the purpose of this study, an assumption on the
value of intangible benefits of ‘waste minimisation’ and ‘zero waste’ strategies has been
made. Specifically, the intangible benefits that the client gets from these strategies are

assumed to be $300,000.

As shown in Section 7.7.3, with such a conservative value for the intangible benefits,
the client can achieve high levels of economic efficiency. Therefore, it can be concluded

that there are indeed values in minimising the C&D waste in this case study.
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Specifically, both Level 6 waste minimisation and the Level 7 zero waste strategies can
offer the client total economic efficiencies. This means the client has imperatives to
implement either of these options. However, it has been argued in the analysis section
that perhaps Level 6 waste minimisation strategy is the optimal option for the client.

Therefore, the research recommends the client to choose this option.

7.8.3. Implications of landfill charge variable

The analyses above have also shown the variable ‘landfill charges’ can have a
significant influence on the management or minimisation strategies of C&D waste. By
setting the landfill charges at $150 per tonne, this study has observed major impacts
this variable has on both the cost incurred, and the benefits gained, by the client. This is

because landfill charges increase, it becomes more expensive to dispose of waste.

At the same time, the client is incentivised to manage and minimise such waste due to
the significant economic benefit potentials offered by such practices, including, but not
limited to cost-savings and resale of excess materials. In this sense, the variable ‘landfill
charges’ has a positive influence on the benefits obtained by the client from their waste
management/waste minimisation strategies. This finding is important because it
confirms the long-held belief in the New Zealand construction industry that increasing
landfill charges will induce behavioural change in the industry regarding its waste

minimisation.

7.8.4. Limitation

Through this case study, the research has demonstrated that the proposed framework

could be used to evaluate the economics of a range of C&D waste.
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However, the weakness of this study is it currently focuses on only one fixed area:
landfill fee of $150 per tonne of waste. This makes this study one-dimensional. There
are many factors that can have significant effects on the success of a waste
minimisation strategy. Further, many of such factors are interlinked or inter-related.
Thus, by making ‘landfill fees’ the one key focus, this study does not, and cannot,
exhibit the true extend of the problem related to C&D waste minimisation in New
Zealand. However, this chosen paradigm is necessary given the limited time and scope
imposed on the study reported in this thesis. Subsequent studies can be carried out to
establish other variables that have significant effects on the success of a waste
minimisation strategy. This will help the industry to understand these variables better

and how they can affect a zero waste aspiration in NZ construction.

7.9. Operatives in C&D Waste Minimisation
It is contended that everyone involved in the project has an important role to play to
ensure a waste minimisation strategy meets its intended objectives. This section briefly
discusses the roles and responsibilities of key participants. Although the focus of the
discussion rests on the design phase, their respective responsibilities also extend to the

construction and operation stages.

7.9.1. Client and Project Manager (client side)

These parties are owner of the building and the representative of owner, respectively.
They have the interest of the owner at the centre of their actions. In a waste

minimisation-focused such as this case study, both the client and the Project Manager
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would work hard to ensure a minimal amount of C&D waste was produced. This is so

they can realise the significant tangible and intangible benefits as outlined above.

As a result, they would tend to be involved in all stages of the development. However,
as outlined in Chapter 5, once the contract was awarded, the influence of the client and
the project manager on waste minimisation would be significantly reduced. Instead, that
responsibility rests with the contractor. And only through the contractor that the client

and the project manager could help reduce waste.

In contrast, the client and the project manager had the greatest influence on the waste
minimisation agenda at the design stage. It is at this stage that they could set targets
and strategies for waste minimisation. By influencing other key participants, it is
contended that a significant wastage could be potentially reduced before the
construction even took place. Further, as argued in Chapter 5 and Chapter 6, the cost
of waste for the client at this stage was insignificant compared to the overall project cost
(and to any changes at later stages for that matter). Therefore, the client should be

proactive and involved in waste minimisation right from the design stage.

7.9.2. Designers

Designers such as architects and engineers have a key role in the waste minimisation
strategy. Through efficient designs, the designers could potentially help reduce
wastages in the construction phase. However, each commercial design entity would
have their own agendas. Therefore, to achieve a common waste minimisation goal,
there is a need for the designers to work collaboratively with other participants,

including the client, other designers and contractors.
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As the design stage has a potential to maximise the waste reduction, the designers
must be proactive in researching, choosing and designing efficient systems that can
help achieve the intended waste minimisation objective. These systems could include,
but not limited to, new materials, durable materials, building technology and
prefabricated components. For example, it has been shown that prefabrication can help

reduce waste by up to 52% (Jaillon et al, 2009).

Further, designers should also be involved in supervision of the building construction to
ensure all systems work as designed and that wastages could be minimised

accordingly.

From the commercial perspective, the designer has an opportunity to earn significant
more in a waste minimisation-focused project than a comparable non-waste
minimisation-focused project. This is because in the former, the designer must spend
significant more time to research and design appropriate systems to support the
achievement of the intended waste minimisation goal. The more complex or rigorous
the waste minimisation strategy becomes, the more money the designers can earn (as
more hours are required to design appropriate systems). This is the commercial

incentive for the designers in a waste minimisation-focused project such as this one.

7.9.3. Contractors

The contractors have a significant role in ensuring all waste minimisation goals are met
during construction. This role can also extend to the design stage, although their

involvements can be more limited than other participants such as the designers.
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During the design stage, the contractor can be involved to provide inputs on the
constructability and areas which they think waste could be minimised. The involvement
of the contractor during the design phase can provide significant value to the overall
design. They can bring in with them a wealth of knowledge and experience regarding
constructability and building systems. In turns this can ensure the building is functional

while meeting waste minimisation targets in the construction stage.

For contractors, it is possibly at the construction phase that they have the greatest
influence on waste minimisation. The contractors would be responsible for every aspect
of the construction stage. This means they have the power to make sure C&D waste is
properly sorted, reused or recycled. This could be done through influencing onsite
operatives and subcontractors. They may have opportunities to identify areas to reduce

waste further when the construction is under way.

However, from a commercial perspective there must be incentives for the contractors to
undertake waste minimisation practices onsite. One such incentive is for the client to
engage the contractors early and get them involved in the design stage. By being
involved in the design phase, the contractors have an opportunity to earn extra incomes
aside from their tendered prices. Although the money earned through this involvement
may be relatively insignificant compared to the tendered prices, this early engagement
allows the contractors to have a good understanding of the project. It also gives the
contractors a sense of ownership of the project, which in turns encourages the

contractors to undertake waste minimisation during construction.

Therefore, for a waste minimisation-focused project such as this case study, the early

involvements of the contractors should be welcome and encouraged.
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7.10. Conclusion
This chapter has demonstrated the applicability of the framework to the evaluation of
waste minimisation strategies for a range of C&D waste streams. The results obtained
show that the building owner can get significant values from C&D waste minimisation.
Further, all associated parties such as designer and contractors can also be beneficial
economically from their involvement in the waste minimisation strategy. Finally, four
waste minimisation strategies were analysed to make a recommendation on an optimal

waste minimisation strategy for this case study.

The case study also explored roles and responsibilities of participants of the waste
minimisation strategy to provide a good understanding of the contributing factors to a

successful waste minimisation strategy.

The next chapter will discuss how this framework can be applied to a single waste

stream (brick waste) in a different project setting (refurbishment).
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CHAPTER 8 — CASE STUDY TWO

ECONOMIC EVALUATION OF MINIMISING SINGLE C&D
WASTE STREAM
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The economic evaluation framework described in Chapter 6 is intended to be flexible to
various situations concerning C&D waste. Chapter 7 has demonstrated how the
framework can be used to evaluate the economics of minimising multiple waste
streams. This chapter will describe the application of this framework to the economic

evaluation of minimising an individual waste stream: brick.

This chapter considers brick waste from both demolition and construction components
of a project. However, unlike Chapter 7, this chapter investigates an office
refurbishment project. The objective here is to demonstrate the flexibility and usefulness
of this study’s framework in various situations. Results obtained in this chapter will be
thoroughly assessed and interpreted to provide a good understanding of the economic

costs and benefits associated with minimising the brick waste stream.

In this case study, a real dataset with relative values is used and reported. In other
words, the names and the magnitudes of the actual values have been altered for
confidentiality reasons. This is appropriate for the purpose of demonstrating the

application of the economic evaluation being reported in this thesis.

For the purpose in this case study, ‘bricks’ are red clay bricks, not concrete blocks and
‘brick waste’ is defined as broken bricks which cannot be used or reused whether in

whole or in part.

8.1. Case Study Overview
The case study considered in this chapter is the refurbishment of a light commercial

building in the Auckland Central area. This chapter will evaluate the economics of waste
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minimisation strategies associated with this project using the framework developed in

Chapter 6.

8.1.1. Project Background

The building considered in this project is located in one of the main business districts in
Auckland Central. It lies in a mixed-used area, including residential apartment buildings
as well as business buildings. The total land area of the site (TL) is 691 m?2. However,
the case study did not have the size of the building’s footprint. For modelling purposes,
it has been assumed that the building’s footprint comprises 90% of the land area. This

means the building footprint (F) is 622 m?2.

It has been estimated by the building owner (therein referred to as ‘client’) that the
aggregated unit cost of project (AUC) is $2,800. This unit cost was measured in dollar
per square metre. This estimated unit cost includes the land value as well as the

demolition and building costs.

Although this unit cost allows the building owner to evaluate the economic viability of
the project, it was not useful for the economic modelling purposes due to its aggregated
nature. Specifically, the inclusion of land value in the given unit cost can have a
skewing effect because it does not reveal the true cost of the refurbishment work (i.e.
demolition and construction work only). Therefore, for modelling purposes, it has been
assumed that the value of the land comprises 40% of the specified unit cost. This is due
to the fact that this land had been purchased by the client a long time ago, thus giving it
a relatively lower cost than a comparable newly-purchased land block in the same area.

This means the unit cost of land (UCL) is:

206



CHAPTER 8 — CASE STUDY TWO

UCL = AUC x 40% = $2,800 x 40% = $1,120 ($/m2)

Thus the unit cost of work (UCW) is the difference between the total unit cost (AUC)

and the unit cost of land (UCL):
UCW = AUC — UCL = $2,800 - $1,120 = $1,680 (($/m?)

Therefore, the total project budget - PB - (land excluded) is the product unit cost of work

(UCW) and the building footprint (F):
PB = F x UCW =622 (m?) x $1,680 ($/m?) = $ 1,044,792.00 ($)

Table 32 below summarises the above information:

Table 32: Refurbishment Project Summary

Item Value Unit
Total land area 691 m2
Building footprint as percentage of total land area 90% %
Building footprint of project 621.9 m2
Estimated unit cost of project (incl. land and work) = $ 2,800.00 $/m2
Land value as percentage of estimated project 40% %
unit cost
Estimated unit cost of land $ 1,120.00 $/m2
Estimated unit cost of work $ 1,680.00 $/m2
Estimated total project budget (excl. land) $1,044,792.00 $

8.1.2. Breakdown of Project Budget

The building owner provided the breakdown of budget for each work package. This cost
breakdown is for each work package is a percentage of the total project budget (PB).
The budget breakdown is shown in Table 33. Based on this information, the cost of

each work package can be estimated as shown in Table 34.
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Table 33: Project Budget Breakdown - Percentage (Supplied by Building Owner)

Work Package Percentage of Project
Budget
Design 11.94%
Demolition 1.82%
New works 80.54%
Planning 0.38%
Traffic 0.27%
Survey 0.72%
Council 1.82%
Legal 0.65%
Agency — Legal 3.76%

Table 34: Breakdown of Project Budget — Dollar Value (Calculated)

Work Package Cost
Design $124,748.16
Demolition $19,015.21
New works $841,475.48
Planning $3,970.21
Traffic $2,820.94
Survey $7,522.50
Council $19,015.21
Legal $6,791.15
Agency — Legal $39,284.18

It was reported by the owner that their in-house personnel were used to manage the

design and delivery of the entire project while external specialist contractors were used

to undertake work in demolition, earthquake strengthening and construction.

It has been further reported in the case study that a significant recycled and reused

bricks were used in this project. These recycled and reused bricks were salvaged, and

came, from one of their demolition jobs that the client had undertaken in Auckland

Central where the bricks were of the same era. This is in order that the building can

retain its heritage characteristics. Not only did this practice save the owner money on

materials but also help them build credentials in C&D waste minimisation. As a result, it
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was reported by the client that they had got a significant ‘soft’ values such as

marketability and exposure from this project.

8.2. Waste Generation Calculations
Since the data provided by the case study were aggregated, it is necessary to take
extra steps to estimate the amount of waste generated during the refurbishment
process (i.e. demolition and construction) for this case study. This research employs
several sources of reference for this purpose. Table 35 summarises the information

necessary for modelling and their respective reference sources.

Table 35: Key Modelling Assumptions (Brick Waste)

Category Assumption Figure | Source

Bricks waste generation by weight ' 600kg/m? Rawlinsons

(all waste) Construction
Handbook, 2013

Brick wastage rate 5% Construction

Resources and Waste
Platform, 2010
Brick waste arising by weight 1.889 tonnes per Construction
100m? Resources and Waste
Platform, 2010

Assume the charge-out rate for a demolition crew is $82 per square metre (Rawlinsons,

2011). The total area of demotion (Ad) is:
Ad =$19,015.21 ($) =+ $82 ($/m?) = 232 (m?)

Based on the above information, it has been estimated that during the demolition

process, the amount of waste generated (Wd) was:
W= Ad x 600 = 232 (m?) x 300 (kg/m?)
=139,135.72 (kg) = 139.2 (tonnes)
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As brick waste consists of 5% of all waste streams, it can be calculated below:
W4 =W x 5% = 139.2 x 5% = 6.96 (tonnes)

Since the total area that requires brick work in this project is 253m?, it can be estimated

that the brick waste generated during construction is:

253 X 1.889

We=—"—"—"—"=4.78 (tonnes)
100

The total brick waste by weight in the project is therefore equal to:

W =Wd4+Wc=6.96 + 4.78 = 11.74 (tonnes).

8.2.1. Design Costs

In this is a refurbishment project, the building owner indicated the total cost for design
equalled 12% of the project budget. This was an aggregated figure without information
on the breakdowns of individual design components. Therefore, for the purpose of this

research, there is a need to disaggregate the design fee.

To achieve a successful disaggregation, this research relies on two documents: the
‘NZIA 2007 1%t Edition’ and the ‘Fee Guidelines for Consulting Engineering Services

January 2004 — 15t Edition’.

It has been assumed in this research that this project has a relatively low level of
complexity in design due to the fact that this is refurbishment project. In this research, a
figure of 3% which was provided by the Client’s project manager was used to calculate

the design fee for architect.
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It has been reported by the client that the main area of work was the structural
reinforcement of the building against potential earthquakes. As a result of this
requirement, it was assumed that structural designs played an important role in design.
This assumption was reflected in the design fees for structural and geotechnical
engineering, where they equalled 4.2% and 2.4% of the project budget, respectively.

Like above, these estimates were provided by the client’s project manager.

Table 36: Design Fee for Each Profession as Percentage of Total Project Budget

Actor Percentage of design in total project budget
Architect 3.0%
Traffic Engineer 0.3%
Structural Engineer 4.2%
Geotechnical Engineer 2.4%
Mechanical Engineer 1.1%
Services Engineer 0.8%
Contractor 0.2%
Waste Management Contractor 0.1%
SUM 12.1%

Based on the information above, design fees for each designer in this project can be

calculated accordingly (Table 37 below):

Table 37: Design Fee for Each Profession

Actor Design fee
Architect $ 31,187.04
Traffic Engineer $ 2,820.94
Structural Engineer $ 43,661.86
Geotechnical Engineer $ 24,949.63
Mechanical Engineer $ 11,227.33
Services Engineer $ 8,732.37
Contractor $ 2,494.96
Waste Management $ 1,247.48
Contractor
SUM $126,321.62
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8.2.2. Design-out-waste Cost

As in Chapter 7, the design-out-waste component consists of a small percentage of the
design fee. Further, the design-out-waste component can be incorporated into the
design process for a relatively small cost. The interview with the client’s project
manager suggests a figure of 2% of the project’s total design fee is sufficient — and this

figure will be used in this case study to calculate cost of design-out-waste.

Table 38 shows the progressions of fees for design and design-out-waste component,
respectively across seven strategies. The rate of increase is the same as those

indicated in Chapter 6.

Table 38: Assumed Increases of Design Fees (Duplicate of Table 12)

From strategy to Rate of design fee
strategy increase
1TO?2 20%
2TO 3 10%
3TO 4 10%
4TO5 10%
5TO6 15%
6 TO7 30%
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ACTOR Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Level 7

Architect $ 31,187.04 $ 37,424.45 | $ 41,166.89 @ $ 45,283.58 @ $ 49,811.94 $ 57,283.73 $ 74,468.85
Traffic Engineer $ 282094 $ 3,385.13 | $ 3,723.64 $ 4,096.00 $ 450560 $ 518144 $ 6,735.88
Structural Engineer $ 43,661.86 $ 52,394.23 | $ 57,633.65 $ 63,397.02 $ 69,736.72 @ $ 80,197.23  $104,256.40
Geotechnical Engineer $ 24949.63  $ 29,939.56 $ 32,933.52 $ 36,226.87 @ $ 39,849.55 $ 45,826.99 $ 59,575.08
Mechanical Engineer $ 11,227.33 | $ 13,472.80 $ 14,820.08 $ 16,302.09 @ $ 17,932.30 @ $ 20,622.14 $ 26,808.79
HVAC Engineer $ 8,73237 | $ 10,47885 $ 11,526.73 $ 12,679.40 @$ 13,947.34 $ 16,039.45 $ 20,851.28
Contractor $ 249496 $ 299396 $ 3,293.35  $ 3,62269 $ 3,98496 $ 458270 $ 5957.51
Waste Management $ 124748 $ 149698 $ 164668 $ 181134 $ 199248 $ 2,291.35 $ 2,978.75
Contractor

SUM $126,321.62 | $151,585.95 @ $166,744.54 = $183,418.99 @ $201,760.89 @ $232,025.03 | $301,632.54

Table 39 calculates the cost of design increases for each profession across seven levels of waste minimisation strategies. As waste

minimisation requirements increase, the costs of design associated with corresponding waste minimisation strategies also increase.
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Table 40: Cost of Design-out-waste Increases

ACTOR STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5 STAGE 6 STAGE 7

Architect $ 62374 $ 74849 $ 82334 $ 90567 $ 996.24 | $ 1,14567 $ 1,489.38
Traffic Engineer $ 56.42 @ $ 67.70  $ 7447 @ $ 8192 $ 90.11 ' $ 10363 ' $ 134.72
Structural Engineer $ 87324 $ 104788 $ 1,15267 $ 1,26794  $ 139473 $ 160394 $ 2,085.13
Geotechnical Engineer $ 49899 $ 59879 $ 65867 $ 72454 $ 79699 | $ 91654 $ 1,191.50
Mechanical Engineer $ 22455 | $ 26946 $ 29640 $ 326.04 $ 35865 | $ 41244 $ 536.18
HVAC Engineer $ 17465 $ 20958 $ 23053 $ 25359 '$ 27895 $ 32079 $ 417.03
Contractor $ 4990 $ 50.88 | $ 65.87 | $ 7245 | $ 79.70 | $ 9165 ' $ 119.15
Waste Management $ 2495 $ 2994 % 3293 | $ 36.23 % 39.85  $ 4583 | $ 59.58
Contractor

SUM $ 252643  $ 3,031.72 $ 333489 $ 366838 $ 403522 $ 4,64050 $ 6,032.65

Table 40 calculates the cost of design-out-waste increases for each profession across seven levels of waste minimisation strategies.

As waste minimisation requirements increase, the costs associated with design-out-waste also increase.
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8.2.3. Unit Cost of Brick

For the mathematical modelling purposes, it has been assumed that the average
market price (Pam) of each brick is NZD$1.20 (New Zealand Brick Distributor, 2016).
Given that a standard-sized brick weighs 2.5kg (s), a tonne of brick (t) will hence consist
of 400 bricks.

0
= —— =400 (bricks)
2.5

This means a tonne of brick will cost (Ubrick):
Ubrick = Pam X t = $12 X 400 = $480

On the other hand, there is limited market for recycled or salvage bricks in New
Zealand, thus making it difficult to obtain market price for such second-hand materials.
Therefore, an assumption of $50 per tonne has been made for recycled bricks. This

assumption was based on publicly available information from New Zealand’s largest

auction and trading website: www.trademe.co.nz. Although this is not a wholesale
website, the fact that it is New Zealand’s largest trading platform means the information

on it is reliable and applicable to the New Zealand market.

8.3. Unit Cost Calculations

As in Chapter 7, this chapter uses the same sources of information for calculations of

unit costs.
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8.3.1. Base Rates for Calculations

Information regarding charge-out rates for machinery and haulage charges are the

same as that in Table 20 and Table 21 in Chapter 7.

Unit costs calculated in this section include unit cost of waste collection, unit cost of
sorting waste, unit cost of recycling waste, unit cost of reusing waste and unit cost of

energy used.

8.3.2. Unit Cost of Collecting Waste

As in Section 7.4.2, using Google Maps, this research calculated that the average
distance travel within Auckland to landfills (d) is 60.3 kilometres. Given the haulage rate

(hr) is $5 per kilometre and a loading factor (If) of 1.5, the cost of haulage per trip (H) is:
H=dx hr xIf =60.3 (km) x 5 ($/km) x 1.5 = $452.25 ($)

Hence the unit cost of waste collection is (Uc) is a division of haulage cost per trip (H)

by the truck capacity (c), this gives:

U=— = = $38.52 ($/tonne)

H $452.25
c 12 (tonnes)

8.3.3. Unit Cost of Sorting Waste
The number of machines (Ma) needed to process 11.74 tonnes of C&D waste (w) in
this project is:

c 12 (tonnes) _
Ma=— = =1 (machine)
w 11.74 (tonnes)
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Although the actual amount of machinery may be different to the number of machine(s)

calculated above, for modelling purposes, it is believed this is sufficient.

According to Rawlinsons, the average charge-out rate (Cr) for machinery with
associated labour (i.e. including driver/operator) is $120 per hour (Rawlinsons, 2011).

Hence, the total charge-out (TCr) rate for 1 machine is:
TCr=Max Cr=1x$120 = $120 ($/hour)

Suppose it takes half an hour (Ts) to sort one 12-tonne capacity skip bin full of waste,

the total time (T) taken to sort out all 11.74 tonnes of waste is:

w XTs 11.74 (tonnes)x1 (hours)
T= = =1 (hours)
c 12 (tonnes)

The client’s project manager reported that the waste sorting rate (Rs) is 90%. Based on

this information, a total of waste sorted (WSs) is:
Ws =w x 90% = 11.74 x 90% = 10.57 (tonnes)

Therefore, the unit cost of waste sorting is:

$
TCr XT 120 (W) X1 (hOU,T'S)
s= = = $11.36 ($/tonne)
Ws 10.56 (tonnes)

8.3.4. Unit Cost of Recycling and Reusing Waste

It must be noted that although a C&D waste sorting rate in this project is around 90%,
not all sorted brick waste was reusable or recyclable and thus residual brick waste was
present. It was reported by the client that in this project 70% of all waste generated was

recycled. For modelling purposes, a brick recycling rate (RR) of 70% is used.
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This means the total waste recycled (SM) is:
SM =w x RR = 11.74 (tonnes) x 70% = 7.4 (tonnes)

Assuming it takes 1 hour to process and recycle C&D waste, the total hours (Tr)

needed to process and recycle waste is:
Tr=SMx 1=7.4 (tonnes) x 1 (hour/tonne) = 7.5 (hours)
Therefore, the unit cost of recycling is:

Tr xCr __ 7.5 (hours) x 120 ($/hour)
sSM 7.5 (tonnes)

= $120 ($/tonne)

UI’C -

Calculation for reusing waste is similar to that of recycling waste. As a result, the unit

cost of reusing waste is Uw = $120 ($/tonne)

8.3.5. Unit Cost of Energy
The total trips (Ttrip) required to cart away the project’'s C&D waste is:

w 11.74 (tonnes) _
Twip=—" = =1 (trucks or trips)
c 12 (tonnes/trucks)

For modelling purpose, each of the above 1 trucks or trips can be treated as a unit of
machinery. Combine with the machinery required for processing waste, the total units of

machinery required for the entire project is:

Tmachine = Trip + Ma = 1 + 1 = 2 (machines)
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Based on Rawlinsons’ information, the average fuel capacity (F) of a large
machine/truck is 450 litres and the cost of diesel fuel (cf) is $3 per litre (Rawlinsons,

2011). This means the unit cost of energy used by all machinery is:

; $
Tmachine xFxcf 2 (machines) x450 (L)X3 (Z)
Uen= =

w 11.74 (tonnes)

Uen = $229.983 ($/tonne)

As in Chapter 7, it has been assumed in this study that the energy and processing costs
will be increased by 25% and 50% for Levels 6 and Level 7 strategies, respectively,
compared to the baseline strategy (Level 1). This is in order to reflect the significant

increases in investments that must be spent to achieve zero waste.

8.4. Benefit Assumptions
8.4.1. Direct Benefits

The client reported that by using their in-house expertise and resources, the building
owner could save significant costs for professional services. It has been further reported
by the building owner that this redevelopment project was economically sound for a

number of key reasons.

First, the redevelopment provided their business with a modern and state-of-the-art
working environment in a highly sought-after Auckland fringe location. It has been
reported by that the redevelopment has expanded the available floor space by 50%
compared to their old office. The owner has also reported on the significant

improvement in quality, resulting in improvement in productivity and comfort levels by
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their staffs. From a real estate perspective, this project has added significant

commercial values to the building owner’s organisation.

The second benefit to the owner is by undertaking this project using in-house expertise,
they had an opportunity to showcase their capability to deliver a quality project on-time
within budget. In turns, this has helped their company enhance their reputational profile

significantly.

Finally, by moving to the newly-developed office, the owner could lease out their old
office. This means the development has helped them generate additional cash flows. It
has been reported by the owner that over the long term, they could also have an
opportunity to achieve highly competitive rentals should they wish to vacate the current

premises in the future.

The owner has acknowledged that in all direct benefits that have realised, C&D waste
minimisation, including that for brick waste, played an important role and they see

values in undertaking waste minimisation practices in this project.

8.4.2. Valuing Client’s Benefits

The above information shows there were high levels of benefit that can be derived from
this project by the building owner. However, they did not quantify values for such
benefits. Rather, the client’s project manager provided a high-level monetised estimate
of around $10,000 for all intangible benefits the client realised 6 months after moving
into the new premises. For the modelling purposes, this research uses a lower value of

$7,000 to quantify intangible benefits to cater for uncertainties in the client’s estimates.
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Although this $7,000 figure is conservative, it is sufficient for the economic evaluation of

minimisation strategies for brick waste.

8.5. Economic Evaluation Results

As in Chapter 7, Microsoft Excel™ is chosen as the modelling tool for this chapter.

In this case study, seven waste minimisation strategies were considered. They were
Level 1 (baseline analysis - disposing of waste to landfill); Level 2 (minimising waste by
5%-10%); Level 3 (minimising waste by 11%-30%); Level 4 (minimising waste by 31%-
50%); Level 5 (minimising waste by 51%-70%); Level 6 (minimising waste by 71%-

95%) and Level 7 (zero waste).

Using the formulations established in Chapter 6, result for each strategy is shown in
Table 41 and Figure 7 below. Detailed discussions on Table 41 and Figure 7 are

offered in the following sections.
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BENEFIT COMPONENT LEVEL 1 | LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 LEVEL 6 LEVEL 7
Intangible benefits $ 7,000.00 $ 7,000 $ 7,000 $ 7,000 $ 7,000 $ 7,000 $ 7,000
Cost saving from reusing $ - $ 126 $ 277 $ 783 $ 1,288 $ 1,793 $ 2,525
Cost saving from recycling $ - $ 126 $ 277 $ 782 $ 1,288 $ 1,793 $ 2,525
Cost saving from dumping $ - $ 88 $ 193 $ 546 $ 898 $ 1,251 $ 1,762
material

Revenue from selling of $ - $ 29 $ 64 $ 182 $ 299 $ 417 $ 587
construction waste materials

Total cost saving $ 7,000 $ 7,281 $ 7,620 $ 8,748 $ 9,875 $11,003 $12,639
COST COMPONENT LEVEL 1 | LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 LEVEL 6 LEVEL 7
Cost of design-out-waste $ 2,526 $ 3,031 $ 3,334 $ 3,668 $ 4,035 $ 4,640 $ 6,032
Cost of Waste Strategy $1,462 $1,462 $1,462 $1,462 $1,462 $1,462 $1,462
Expected cost of waste collection  $ 452 $ 429 $ 402 $ 312 $ 221 $ 131 $ -
cost of waste to landfill $ 1,762 $ 1,674 $ 1,568 $ 1,216 $ 863 $ 511 $ -
cost of recycling waste $ - $ 17 $ 38 $ 109 $ 179 $ 312 $ 528
cost of reusing waste $ - $ 17 $ 38 $ 109 $ 179 $ 312 $ 528
cost of energy used in reusing $ - $ 67 $ 148 $ 418 $ 688 $ 1,199 $ 2,026
cost of energy used in recycling $ - $ 67 $ 148 $ 418 $ 689 $ 1,199 $ 2,026
material waste cost $ 5,639 $ 5,357 $ 5,018 $ 3,890 $ 2,763 $ 1,635 $ -
Total Cost of Waste $11,842 $12,193 $12,310 $12,025 $11,772 $12,603 $14,631
Benefit-Cost Analysis 59% 60% 62% 73% 84% 87% 86%

Table 41: Modelling Result - Case Study Two
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wLEVEL 7

COST SAVING VERSUS COST OF WASTE STRATEGIES tgit g

uLEVEL 4

COST SAVING COST CLeveLs
s LEVEL 1

Cost of waste materials

Revenue from selling recycled/repurposed materials

Cost of waste collection + landfilling
Cost saving from non-disposal of materials

Cost saving from recycling materials Cosk ofTexyeAng makyils

Cost saving from reusing materials Cost of reuising materfals

Intangibl

te and waste strategy imp{ementation

$8,000 $7,000 $6,000 $5,000 $4,000 $3,000 $2,000 $1,000 $- $1,000.00 $2,000.00 $3,000.00 $4,000.00 $5,0b0.00 $6,000.00 $7,0b0.00 $8,000

Figure 7: Tornado Chart of Benefits and Costs - Case Study Two
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8.6. Analysis
This section provides detail analyses of the results obtained from the Section 8.5

above. Like in Chapter 7, this chapter considers three areas in its analysis:

a) Cost of waste versus savings from waste minimisation
b) Cost effectiveness of waste minimisation via design-out-waste; and

C) Economic efficiencies of waste minimisation strategies

8.6.1. Basis of Comparison

In this research, efforts have been made by the researcher to ensure consistency is
maintained. For comparison purposes, necessary moderations in calculations were
made to make sure costs were compared to corresponding cost savings appropriately.
In this case study, moderations were undertaken in a similar manner to those in the

case study reported in Chapter 7.

Cost savings/benefit components and their corresponding cost components are similar

to the basis of comparison conversion in Table 25 in Chapter 7.

Table 42 below presents the modelling results after conversion. As shown in Table 42,
costs of waste fluctuate; while cost savings increase progressively as rigorous waste
minimisation strategies are implemented. This results in an increasing benefit-cost ratio

across all seven strategies considered (Levels 1 — 7).
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Table 42: Modelling Results of Case Study Two

LEVEL 1 | 2 | 3 | 4 5 | 6 7
Benefit Component

Intangible benefits 7,000 $7,000 $7,000 $7,000 $7,000 $7,000 $7,000

Cost saving from reusing $- $ 126 $ 278 $ 783 $1,288 $1,793 $2,525

materials

Cost saving from recycling $- $ 126 $ 278 $ 7823 $1,288 $1,793 $2,525

materials

Cost saving from non-disposal = $ - $ 88 $ 194 $ 546 $ 898 $1,251 $1,762

of materials

Revenue from selling recycled | $ - $ 29 $ 64 $ 182 $ 299 $417 $ 587

materials

Total Cost Savings/Benefits $7,000 $7,282 $7,620 $ 8,748 $ 9,876 $11,003 $12,639

Cost Component

Cost of design out waste + 3,989 $4,494. $4,797 | $5,131 $5,498 $6,103 $7,495

waste strategy

Cost of reusing materials $- $ 85 $ 187 $ 528 $ 868 $1,511 $2,555

Cost of recycling materials $- $ 85 $ 187 $ 528 $ 868 $1,511 $ ,555

Cost of waste collection + $2,214 $2,126 $2,021 $1,668 $1,316 $ 963 $ 452

landfilling

Cost of waste materials $5,639 $5,357 $5,018 $3,891 $2,763 $1,635 $-

Total Cost of Waste $11,842 $12,148 $12,211 $11,746 $11,314 $11,725 $13,057

BENEFIT-COST RATIO 59% | 60% | 62% 74% | 87% 94% 97%
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8.6.2. Costs versus Cost Savings
The cost saving components of each waste minimisation strategy was charted against

their respective cost components as in Figure 5.

8.6.2.1. Analysis of Base Waste Strategy (Level 1 - ‘Do-Nothing’)

As can be seen in Figure 7, Level 1 waste strategy has the highest cost of waste
among the seven waste strategies considered. At the same time, its cost of waste
strategy remains the lowest. This is logical because as a base strategy, there is no
need for waste minimisation strategy at this level. Rather, all brick waste generated

would simply be disposed of into landfills.

As all brick waste would end up in landfill, the base strategy does not incur any
recycling and repurposing costs to the client. Perhaps this is the only upside in this

strategy.

However, this strategy is not a cost effective strategy for the client due to its lack of cost
saving offered. When this strategy is chosen, the client has in effect buried any potential
cost savings that can be derived such ‘waste’. Further, as waste ends up in landfills, no
processed materials can be on-sold to the secondary markets to offset the costs of

purchasing the original materials.

Further, this strategy can be potentially damaging to the environment due to the lack of
treatments of waste before disposal. Due to this lack of care for environment, this
strategy has a potential to contribute to the continuing, and significantly, high

percentage of C&D waste being present in all landfill waste streams.

226



CHAPTER 8 — CASE STUDY TWO

Therefore, from an investment perspective this strategy may not be economically sound
for the client. With a benefit - cost ratio of 59%, this is the least efficient strategy. Thus

from an economic perspective it is likely that the client would explore other alternatives.

8.6.2.2. Analysis of Level 2 and Level 3 Waste Minimisation Strategies

Waste minimisation strategies Level 2 and Level 3 show similar results to that of the
base waste strategy (Level 1). Despite more investments in waste minimisation by the
client, the waste reduction rates of 5% and 11% do not seem to have made any major
impacts in terms of economic efficiency compared to that of Level 1. In fact the
economic efficiencies of Level 2 and Level 3 strategies are only 1% and 2% better than
the economic efficiency of Level 1 strategy (at 60% and 62%), respectively. This minor
improvement again may not justify the investments by the client. Thus these waste

minimisation strategies will also likely be ignored by the client.

8.6.2.3. Analysis of Level 4 Waste Minimisation Strategy

At this level, despite 31% of brick waste can be diverted, there are still significant costs
associated with waste material (cost of waste materials) and disposal (cost of collection
and landfilling). Although there are some associated cost-savings are being realised,
the fact that these costs are high shows this strategy does not adequately address the

waste issue.

BCR of this strategy is reasonably high at 74%. This shows the client start to receive
the benefits from their investments on waste minimisation. This realisation can

encourage the client to undertake more rigorous waste minimisation strategies.
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8.6.2.4. Analysis of Levels 5, 6 and 7 Waste Minimisation Strategies

The economic efficiencies of these three levels are similar with BCRs of 87%, 94% and
97%, respectively. This means the investments that the client makes into waste
minimisation at these levels can deliver values, but do not deliver the total economic

efficiency that the client is looking for.

Moreover, the actual profile of each strategy is totally different. At Level 5, the cost of
waste materials is still relatively high compared to the revenue that can be realised from
reselling recycled materials. However, at Level 6 and Level 7, the cost and revenue in
this component more or less equal. This is because unlike at Level 5, at Level 6, a
significant waste has been reduced, thus reducing the cost of waste; while at Level 7,

there is no waste generated so all bricks can be recycled and/or resold.

However, the costs of reuse and recycling are much higher in Level 6 and Level 7
strategies than they are in Level 5 strategy. As more materials being saved, more
resources and money must be spent to recycle and repurpose the bricks in order to
resell them in the secondary market. Further, the energy needed at these levels
increase by 25% and 50% respectively compared to that in lower levels. This makes the
costs of recycling and reusing at Levels 6 and 7 more expensive than their

contemporaries.

8.6.2.5. Implications of Zero Waste

It can be observed from Figure 7 that the design cost for the zero waste strategy is
highest among all strategies considered. This behaviour is similar to that in Chapter 7.
Perhaps the high design cost here is due to two elements: the time and effort required

by designers to ensure no waste is generated; and the high cost of compliance
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associated with the rigorous waste minimisation practices required by the zero waste

strategy.

In the first element, to achieve zero waste, it is anticipated that the design team
(including architects, engineers and contractors) must spend time and effort to design
systems that does not generate waste during construction. It is no doubt that such a
system, if it exists, would be highly complex. This time and effort spent on design also

means that the cost associated with design will likely increase.

Once a waste minimisation system has been designed, it must be implemented in order
to achieve the ‘zero waste’ objective. It is contended that due to construction’s
fragmented nature, the implementation of such a system would be highly complicated.
Therefore, there will be a need for a rigorous implementation plan as well as associated
compliance strategy. This requirement means that the cost associated with a waste

minimisation strategy will likely increase as well.

However, despite its high investment cost, the zero waste strategy does not deliver a
significantly high return for the client in this case study. This is shown by the fact that
the BCR of Level 7 strategy is slightly higher than that of Level 6 strategy (97%
compared to 94%, respectively). This means that in this instance, it may be worth the
client’s effort to look at another waste minimisation alternative to the zero waste. This is
because the client can avoid the high investment cost associated with the zero waste
strategy; and at the same time the client can achieve a similar or better return on his
investment. The comparison of economic efficiencies between waste minimisation

strategies will be discussed in detail in Section 8.7.
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8.6.3. Analysis of Design-Out-Waste

Design-out-waste cost comprises a small portion (2%) of the total design cost of this
project. However, the rate of design cost increases between different waste
minimisation levels are as per Table 40. Such increases are significant nonetheless;

and they could have significant implications on design-out-waste costs.

As the design cost increases, the cost of design-out-waste component also increases
proportionally. This is a response the increased complexity in waste minimisation
requirements. As more waste is being minimised, the designers must find more
innovative ways to help meet this goal. This means the designers must collaborate with
other parties, including contractors and material manufacturers, to research and
incorporate durable materials or materials that can be reused / recycled after their
useful lives in the design. The increased cost is a reflection of the increased efforts and
time spent on researching, understanding and designing systems that can offer minimal

wastages.

8.6.3.1. Design Participants’ Learning

The design-out-waste is complex and time consuming process involving participations
of different parties, all of whom must get paid. And their payments should be
proportional to the increased complexity. Subsequently, the cost breakdown for each

actor in design-out-waste (and design — i.e. the sum) can be calculated.

Tables 43 — 45 demonstrate that aside from traditional designers such as architects and
engineers, contractors also make money for their involvement in the design stage. From

an investment perspective, it is a promising idea and good practice to get the
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contractors involved early in the design process for two reasons. First, the early
involvement of the contractors in the design stage can help improve the overall
constructability of the project with their practical inputs. This means will significant
process waste can be reduced due to prompt communication between the designers

and the contractors.

Second, by being involved in the design stage, contractor will likely take ownership of
their work. This means the contractor will likely take proactive actions to reduce and
minimise wastages during construction. At the same time, the contractor will have

incentives to require sub-contractors to take actions to reduce and minimise waste.

As argued in Chapter 7, the fragmented nature of the construction industry means that
a majority of actual construction will be delegated or subcontracted. This means the
subcontractor, as opposed to the contractors, will be responsible for ensuring the waste
minimisation targets are met. To achieve this goal, the subcontractor must ensure they
have appropriately trained personnel to carry out the work during construction, at their
costs. From the perspective of the main contractors, their involvement in a waste
minimisation-focused project presents significant benefits from this project with minimal
to no downsides. Benefits that the contractors can get are both tangible and intangible.
Tangible benefits come from earnings from design, free training in waste minimisation
while intangible benefits come from marketing exposures and improved reputation. This
is means the contractor can get more benefits from a waste minimisation project
compared to a non-waste-focused project of a similar construction price. From an
economic perspective, the contractor would likely prefer being involved in, and

committed to, a waste minimisation-focused building project.
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Table 43: Design Cost and Design-Out-Waste Cost for Waste Minimisation Strategies

WASTE LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 LEVEL 6 LEVEL 7
MINIMISATION

STRATEGY

DESIGN COST $ 126,321 $ 151,586 $ 166,744 $ 183,419 $ 201,761 $ 232,025 $ 301,632

DESIGN-OUT-WASTE @ $ 2,526 $ 3,031 $ 3,335 $ 3,668 $ 4,035 $ 4,640 $ 6,032
COST

Table 44: Increases in Design-Out-Waste Cost (Percentage)

ACTOR PERCENTAGE OF DESIGN IN TOTAL REFURBISHMENT PROJECT COST
LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 LEVEL 6 LEVEL 7

Architect 3.0% 3.6% 3.9% 4.3% 4.8% 5.5% 7.1%
Traffic Engineer 0.3% 0.3% 0.4% 0.4% 0.4% 0.5% 0.6%
Structural Engineer 4.2% 5.0% 5.5% 6.1% 6.7% 7.7% 10.0%
Geotechnical Engineer 2.4% 2.9% 3.2% 3.5% 3.8% 4.4% 5.7%
Mechanical Engineer 1.1% 1.3% 1.4% 1.6% 1.7% 2.0% 2.6%
HVAC Engineer 0.8% 1.0% 1.1% 1.2% 1.3% 1.5% 2.0%
Contractor 0.2% 0.3% 0.3% 0.3% 0.4% 0.4% 0.6%
Waste Management 0.1% 0.1% 0.2% 0.2% 0.2% 0.2% 0.3%
Contractor

SUM 12.1% 14.5% 16.0% 17.6% 19.3% 22.2% 28.9%
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Table 45: Increases in Design-Out-Waste Cost (Dollar Value)

ACTOR COST

LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 LEVEL 5 LEVEL 6 LEVEL 7
Architect $ 31,187.04 | $ 37,42445 $ 41,166.89 $ 4528358  $ 49,811.94 $ 5728373 $ 74,468.85
Traffic Engineer $ 2,820.94 | % 3,385.13 | $ 3,723.64 | $ 4,096.00  $ 4,505.60 $ 5,181.44  $ 6,735.88
Structural Engineer $ 4366186 $ 52,39423 | $ 5763365 | $ 63,397.02 $ 69,736.72 $ 80,197.23  $ 104,256.40
Geotechnical $ 2494963 $ 2993956 | $ 32,93352 | $ 36,226.87  $ 39,849.55 $ 4582699 $ 59,575.08
Engineer
Mechanical Engineer | $ 11,227.33 | $ 13,47280 $ 14,820.08 $ 16,302.09 $ 17,932.30 $ 20,622.14 | $ 26,808.79
HVAC Engineer $ 8,732.37  $ 10,478.85 | $ 11,526.73 | $ 12,679.40  $ 13,947.34 $ 16,03945 | $ 20,851.28
Contractor $ 2,49496 | $ 2,993.96  $ 3,293.35 | $ 3,622.69 | $ 3,984.96 $ 458270 | $ 5,957.51
Waste Management | $ 1,247.48 | $ 1,496.98  $ 1,646.68 | $ 1,811.34 | $ 1,992.48 $ 2,291.35  $ 2,978.75
Contractor
SUM $ 126,321.62 | $ 151,585.95 $ 166,744.54 $ 183,418.99  $ 201,760.89 $ 232,025.03  $ 301,632.54
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8.6.3.2. Cost Implications to the Building Owner

From the building owner’s perspective, the investment in design can offer significant
potential pay-offs. Having a good design with thorough considerations for waste can
result in fewer materials are being wasted in a project. This allows to them to receive
significant cost savings. As shown in Figure 7, the cost savings offered to the client in
both Level 6 and Level 7 strategies outweigh the costs associated to the same
components. These are tangible and measurable benefits. However, the owner can
also get significant ‘soft’ benefits from the project. Some ‘soft’ benefits include, but not
limited to, improved reputation, improved productivity as a result of comfortable working
environment and from marketing in the news/media. Although it can be difficult to

quantify these ‘soft’ or intangible benefits, they exist and are of values to the client.

As shown in tables 43 — 45 above, the design-out-waste cost and design cost increase
proportionally depending on the types of waste minimisation strategy. However, given
the significant benefits that the owner could realise from this project, increases in costs

did not deter the client from undertaking a waste minimisation strategy.

8.7. Benefit-Cost Analysis
In this section, BCRs of all seven waste minimisation strategies in this project are

extracted from Tables 41 and 42 and presented in Table 46 and Figure 8.

Table 46: BCR of C&D Waste Minimisation Strategies - Case Study Two

LEVEL 1 2 3 4 5 6 7
Total Cost $7,000 & $7,282 @ $7,620 @ $8,748 | $9,876 @ $11,003 $12,639
Saving

Total Cost $11,842 | $12,148 @ $12,211 | $11,746 | $11,314 $11,725 | $13,057
of Waste
BCR 59% 60% 62% 74% 87% 94% 97%
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Figure 8: Representation of Results - Case Study Two

As can be seen in Figure 8, there is an upward trend in cost savings across seven
strategies. This shows the benefits to the building owner increase as waste

minimisation strategies get more rigorous.

However, there are fluctuations in the costs associated with these strategies. This
shows there is a degree of economic uncertainty around the increased energy costs

when implementing intensive waste minimisation strategies (Level 6 and Level 7).

In many countries, brick waste is processed to make aggregates for road works. This
creates a secondary market for brick waste. Similarly, many countries use bricks as a
key building material and old or recycled bricks can be traded to be used in buildings.
As such, there is a secondary market for recycled and old bricks. However in New
Zealand there are no such similar markets as road aggregates are often mined while

bricks are not a key building material here. This lack of secondary market is a problem
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for many types of recycled materials, not just bricks. And as a result, a significant
economic uncertainty is created around the opportunities around, and the resale values

of, recycled materials.

Despite this uncertainty, there is an upward trend in the BCRs across all seven

strategies considered.

8.7.1. BCR of Level 1

Of all strategies under consideration, waste strategy Level 1 offers the lowest BCR of
59%. This strategy has the lowest benefits offered to client. From an investment
perspective, this strategy is unlikely to be implemented, given its low level of economic

efficiency.

8.7.2. BCR of Level 2 and Level 3

The BCRs of Level 2 and Level 3 are similar to that of Level 1 (at 60% and 62%
respectively). From an investment perspective, these strategies are also unlikely to be

implemented, given the low levels of return on investment.

8.7.3. BCR of Level 4

This strategy offers the owner a relatively high degree of economic efficiency, with BCR
equalling 74%. This is a mid-tier strategy, with a high cost of waste and a moderate
return level (benefits). This strategy may be worth considering, given its high economic
efficiency level. The only downside of this strategy is its low level of waste reduction

(31%). Therefore, it is worth exploring other alternatives before settling for this option.
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8.7.4. BCR of Level 5

Under this strategy, at least 51% of C&D waste must be reduced and diverted from
landfill. This is a significant waste minimisation requirement and thus has required a
significant level of investments in design and implementation. Due to a relatively high
level of investment it has received, the baseline waste minimisation strategy has
achieved a high degree of economic efficiency. The BCR of this strategy equals 87%.
Overall, this strategy has a relatively low energy cost compared to Level 6 and Level 7
strategies. However, the costs of waste disposal and material waste remain higher than
those of Level 6 and Level 7 strategies. Nevertheless, this strategy is worth considering,

given its high economic efficiency level and relatively high waste reduction rate.

8.7.5. BCR of Level 6 and Level 7

Both Level 6 and Level 7 waste minimisation strategies can offer the client similar
economic efficiency rates (94% and 97%, respectively). It can be observed that BCRs
of Level 6 and Level 7 strategies are similar and coupled with the high waste reduction
rates, both Level 6 and Level 7 can provide the building owner value for money. It is
thus worth comparing the Level 6 waste minimisation strategy and the Level 7 zero
waste strategy. This comparison is useful because it can help identify an optimal waste

minimisation strategy for this case.

Overall, Level 6 has a much lower cost in three main cost categories than the zero
waste strategy. These categories are design-out-waste, recycling and reusing waste.
However, since Level 6 strategy can only reduce 71% of C&D waste, there is still a

significant wastage present in this strategy. This in turns means that the costs
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associated with waste disposal and material waste in Level 6 strategy is much higher

than those in the zero waste strategy.

In a zero waste strategy there is no cost of disposal, as all ‘waste’ is now ‘resources’ for
industrial processing; thus eliminating the need to dispose of waste to landfills. At the
same time, the building owner also achieves significant increases in cost savings due to
this elimination. The net effect of decreased costs and improved benefits is the BRC
under this strategy has increased slightly (97% compared to 94% in Level 6 strategy).
This minor increase in BCR is due to the aggressive steps taken in minimising waste

streams.

However, as argued in Chapter 7, it may not be possible to achieve zero waste, as it is
an idealised concept. As such, in reality the Level 7 waste minimisation is impractical
despite its high economic efficiency yielding. On the other hand, Level 6 waste
minimisation is achievable, and has been achieved in this actual case study. As both
strategies give the client (i.e. the building owner) similar economic efficiencies that are
close to 100%, and Level 6 is more achievable than Level 7, it is contended in this

research that the Level 6 waste minimisation is the optimal strategy for this case study.

Therefore, it can be argued that it is worth undertaking a waste minimisation in this
case; but the waste minimisation rate must be at least 71% to ensure an appropriate

level of returns on investment.
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8.8. Findings
8.8.1. Waste Strategy Level 1 — Landfilling

From the analysis sections, there is little value to the client in disposing of C&D waste to
landfill. By sending brick waste to landfill, the owner gets little economic benefit. The
only benefit the client could receive in this strategy is the savings from onsite labour
costs from waste segregation. However, the owner was still liable for a cost for
disposing of such waste, meaning they would end up paying twice for the same
material. Initially the client must pay for the new and virgin materials for the construction
of the building. Then once some bricks are demoted to ‘waste’ during the construction

process, the client must also pay a fee to dispose of this waste.

Further, as shown in the framework, a high landfill charge of $150 per tonne makes the
practice of disposing of waste an expensive option. Because of this the client should

start to look for approaches to reduce their brick waste output.

8.8.2. Levels 6 and 7 Waste Minimisation Strategies

Unlike the ‘landfill’ option, the building owner can get significant economic advantages
from higher-level waste minimisation strategies such as those in Level 6 and Level 7.
These advantages include opportunities to save on materials (as limited wastages
occur or end up in landfills under these strategies); opportunities to save on
transportation costs (as materials can be delivered on demand, and minimal dumping
trucks required under these strategies); and opportunity to on-sell the excess materials

to secondary markets.
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In addition, under waste minimisation strategies, the client has an opportunity to engage
closely with other stakeholders such as architects, engineers and contractors to
manage and minimise waste. These collaborations can be explicitly expressed via
penalty/incentive schemes to encourage the stakeholders to uptake waste management
practices throughout the project. It has been argued by Tam & Tam (2008) that an
introduction of a penalty/incentive scheme can enhance the chance of achieving the
project's waste minimisation goals. However, in a similar manner to that in Chapter 7,
this avenue is not considered in the economic modelling in this case study. But as
shown in the analysis above, waste minimisation and zero waste strategies are viable
and more economically more efficient than the ‘do-nothing’ strategy, i.e. landfilling

waste.

It has been observed by the researcher that the implementation of a penalty/incentive
scheme will likely require a robust contractual agreement between project partners as
well as a comprehensive waste management/waste minimisation plan. This means
such a penalty/incentive scheme, if introduced, may increase the cost component
significantly compared to the ‘landfill’ strategy. But as shown in the analysis above, the
economic benefits offered by the ‘waste minimisation’ and ‘zero waste’ strategies can
outweigh the additional administrative costs of a waste minimisation strategy. As such,
there may be room to include a penalty/incentive scheme. However, since this area is
outside the scope of the study, there is no way to confirm or deny this observation. This

is indeed an opportunity for subsequent research to explore.

Aside from the direct economic benefits that the client can derived from waste
minimisation and zero waste strategies, the client can also obtain many intangible

benefits from having ‘waste minimisation’ and ‘zero waste’ strategies in their projects.
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These include opportunities to improve their reputations and credentials, thus
increasing the opportunities to market their brand/image. In turns, the project creates an
opportunity to increase the value for the education provider via highly competitive
rentals to tenants. Further, it has been informed that the development has contributed

significantly to the increased morale and productivity of staff and students.

As noted in Chapter 6, for the purpose of this study, an assumption on the value of
intangible benefits of ‘waste minimisation’ and ‘zero waste’ strategies has been made.
Specifically, the intangible benefits that the client gets from these strategies are

assumed to be $7,000.

As shown in Section 8.7, with such a conservative value for the intangible benefits, the
client can achieved high levels of economic efficiencies. Therefore, it can be concluded

that there are indeed values in minimising the C&D waste in this case study.

As both Level 6 waste minimisation and the Level 7 zero waste strategies can offer the
client a high level of economic efficiency, the client has imperatives to implement either
of these options. However, it has been argued in the analysis section that perhaps
Level 6 waste minimisation strategy is the optimal option for the client. Therefore, the

research recommends the client to choose this option.

8.8.3. Implications of landfill charge variable

The analyses above have also shown the variable ‘landfill charges’ can have a
significant influence on the management or minimisation strategies of C&D waste. By
setting the landfill charges at $150 per tonne, this study has observed major impacts

this variable has on both the cost incurred, and the benefits gained, by the client. This is
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because landfill charges increase, it becomes more expensive to dispose of waste. It is
anticipated that this high disposal fees will have a deterrent factor to discourage waste

disposal.

At the same time, the client is incentivised to manage and minimise C&D in their
projects due to the significant economic benefit potentials offered by such practices.
Potential benefits to the clients include, but not limited to, cost-savings and resale of
excess materials. In a way, the variable ‘landfill charges’ has a positive influence on the
benefits obtained by the client from their waste management/waste minimisation
strategies. This finding is important because it confirms the long-held belief in the New
Zealand construction industry that increasing landfill charges will induce behavioural

change in the industry regarding its waste minimisation.

8.8.4. Limitation

Through this case study, the research has demonstrated that the proposed framework
is could be applied to a single waste stream. Coupled with findings in Chapter 7, this

study has shown the flexibility of this economic evaluation framework.

However, the weakness of this study is it currently focuses on only one fixed area:
landfill fee of $150 per tonne of waste. This makes this study one-dimensional. There
are many factors that can have significant effects on the success of a waste
minimisation strategy. Further, many of such factors are interlinked or inter-related.
Thus by making ‘landfill fees’ the one key focus, this study does not, and cannot, exhibit
the true extend of the problem related to C&D waste minimisation in New Zealand.
However, this chosen paradigm is necessary given the limited time and scope imposed

on the study reported in this thesis. Subsequent studies can be carried out to establish
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other variables that have significant effects on the success of a waste minimisation
strategy. This will help the industry to understand these variables better and how they

can affect a zero waste aspiration in New Zealand construction.

8.9. Operatives in C&D Waste Minimisation
It is contended that everyone involved in the project has an important role to play to
ensure a waste minimisation strategy meets its intended objectives. This section briefly
discusses the roles and responsibilities of key participants. Although the focus of the
discussion rests on the design phase, their respective responsibilities also extend to the

construction and operation stages.

8.9.1. Client and Project Manager (client side)

The client and the project manager in this case study is one and the same. The client
used their internal staff to look after the project so they understand the organisation’s

requirements well.

It was informed by the client in this case study that they worked hard to ensure their
objectives were met. As a result, they were involved in all stages of the development,

including construction.

However, it was informed by the client that they had the greatest influence on the waste
minimisation agenda at the design stage. It is at this stage that they could set project

targets and strategies, including a waste minimisation strategy.
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8.9.2. Designers

Designers such as architects and engineers have an important role in the waste
minimisation strategy. Efficient designs can help reduce wastage in the construction
phase. In this case study, the client employed their internal staff to carry out
architectural design while using external engineering firms to undertake engineering

designs.

The client realised the importance of collaboration between organisations in the design
team, as each commercial design entity would have their own agendas. As such, efforts

were made to ensure such collaboration worked.

Further, the designers were involved in supervision of the building construction to
ensure all systems work as designed and that wastages could be minimised

accordingly.

8.9.3. Contractors

Contractors have a major role in ensuring all waste minimisation goals are met during
construction. This role can also extend to the design stage, although their involvements

can be more limited than other participants such as the designers.

During design, the contractors can be involved to provide inputs on the constructability
and areas which they think waste could be minimised. The involvement of the
contractor during the design phase can provide significant value to the overall design.
They can bring in with them a wealth of knowledge and experience regarding
constructability and building systems. In turns this can ensure the building is functional
while meeting waste minimisation targets in the construction stage.
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For contractors, it is possibly at the construction phase that they have the greatest
influence on waste minimisation. The contractors would be responsible for every aspect
of the construction stage. This means they have the power to make sure C&D waste is
properly sorted, reused or recycled. This could be done through influencing onsite
operatives and subcontractors. Contractors may have opportunities to identify areas to

reduce waste further when construction commences.

However, from a commercial perspective there must be incentives for the contractors to
undertake waste minimisation practices onsite. One such incentive is for the client to
engage the contractors early and get them involved in the design stage. By being
involved in the design phase, the contractors have an opportunity to earn extra incomes
aside from their tendered prices. Although the money earned through this involvement
may be relatively small compared to the tendered prices, this early engagement allows
the contractors to have a good understanding of the project. It also gives the
contractors a sense of ownership of the project, which in turns encourages the

contractors to undertake waste minimisation during construction.

8.10. Validation Summary
Telephone interviews were made with the same professionals who participated in the
phase one interviews. However, because several professionals have changed jobs or
were unable to answer phone calls, 15-minutes telephone interviews with available
participants were restricted to only three of the original seven professionals (humbers 1,
5 and 6). Interview questions and interview transcripts can be found in Appendix C and
Appendix D, respectively.
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In general, the feedback from the participants has helped confirm the findings of this

research:

e itis not possible to reuse and recycle all C&D waste (i.e. zero waste).

e optimal range for waste reduction rate obtained in this study (71% - 78%) was
realistic and is achievable in the New Zealand construction industry

e design-out-waste is an effective way of minimising C&D waste

e incentives can help reduce, reuse and recycle C&D waste

8.11. Conclusion

This chapter has demonstrated the applicability of this economic framework to the
evaluation of waste minimisation strategies for the brick waste stream in a
refurbishment project. The results obtained show that the client can get significant
values from waste minimisation. In addition, other parties involved in the waste
minimisation strategy can also obtain some economic benefits. Finally, waste
minimisation strategies were analysed so a recommendation on an optimal waste

minimisation strategy for this case study could be made.

This case study also explored roles and responsibilities of participants of the waste
minimisation strategy to provide a good understanding of the contributing factors to a

successful waste minimisation strategy.

This case study further demonstrated the flexibility of the proposed economic
framework with its application to a single waste stream. In turns, an understanding of
this flexibility allows the framework to be used to evaluate the values of C&D waste

minimisation in New Zealand.
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9.1. Introduction

This thesis has contributed to the understanding of C&D waste minimisation economics
in New Zealand. The thesis has explored areas relevant to C&D waste minimisation
and zero waste. Subsequently an economic evaluation framework was developed to
identify optimal waste minimisation strategies for building construction projects. It is

intended that further research can be undertaken to refine and improve this framework.

The purpose of this chapter is to provide a research overview and summarise key
findings and conclusions regarding the specific research questions and objectives. It
also states the contribution to knowledge this study has made as well as

recommendations for future research.

9.2. Conceptual and Theoretical Challenges
Chapter 1 outlined the problem associated with C&D waste in construction worldwide

as well as that in New Zealand.

Due to a lack of theoretical basis for zero waste, Chapter 2 introduced a conceptual
model to represent the theoretical construct of zero waste in construction setting. This
conceptual model allowed for a systematic review of literature related to C&D waste
minimisation and zero waste. In turns, the literature review provided a good
understanding of issues and challenges in C&D waste minimisation as well as

necessary actions required to address those issues.

It was revealed in Chapter 2 that the most important factor in C&D waste minimisation

is the economics of such a strategy. This finding is important for New Zealand.
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Currently the country is experiencing a construction boom in Auckland and
Christchurch. It is therefore essential that it has appropriate strategies to address C&D

waste in order to meet its long-term sustainability goals.

In the past, New Zealand often looked to the United Kingdom (UK) for guidance and
adopted their strategies accordingly. However, in C&D waste minimisation, this strategy
may not work, as the underlying dynamics of the construction industries in the UK is
different to that in New Zealand. For instance, while the UK construction can get access
to cheap labour from Eastern Europe relatively easily due to its connectedness with
Europe, it is comparatively more difficult for New Zealand construction to access
cheaper labour due to its location in the middle of the Pacific Ocean. Therefore, to
effectively address its C&D waste problem, New Zealand must develop its own C&D
waste minimisation strategy. Given the importance of economic considerations, the first
step is to develop a framework to evaluate the economics of C&D waste minimisation

strategies in the New Zealand construction industry.

9.3. Research Problem
Currently there is a lack of tools to comprehensively evaluate the economics of C&D
waste minimisation strategies in New Zealand. This means appropriate stakeholders in
construction are not well-informed of the values of waste minimisation and waste
minimisation strategies. In turns this lack of understanding can have detrimental effects

on the efforts to minimise C&D waste.

The problems investigated in this research may be summarised as:
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e Currently there is a lack of an understanding of factors affecting C&D waste
minimisation strategies in New Zealand

e Currently there is a lack of an established economic evaluation framework to
evaluate and establish optimal waste minimisation strategies for building

projects

9.1. Restatement of Research Objectives

The research objectives are:

1. To identify factors that may have significant effects on C&D waste minimisation
in New Zealand construction

2. To identify actions needed to encourage the uptake of C&D waste minimisation
in New Zealand construction

3. To formulate a framework to evaluate the economics of C&D waste management

strategies available to New Zealand construction

9.2. Objective One
9.2.1. Objective Statement

TO IDENTIFY FACTORS THAT MAY HAVE SIGNIFICANT EFFECTS ON WASTE

MINIMISATION IN THE NEW ZEALAND CONSTRUCTION INDUSTRY

The review of literature in Chapter 2 has revealed there are many factors that can affect
a waste minimisation strategy. These include external factors (such as government

regulations and economic conditions), internal factors (such as the industry’s
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fragmented nature and technology). These factors have been discussed and studied in
great details overseas. Further, they are postulated to have significant effects on
potential successes of C&D waste minimisation strategies. However, in New Zealand
there is a severe the lack of knowledge on the economic impacts of these factors on
waste minimisation strategies. In turns this is perhaps the main impediment for New

Zealand to undertake meaningful steps to address C&D waste.

In this study, efforts have been made to understand factors affecting C&D waste
minimisation in New Zealand construction. This is important because without this
knowledge, it is difficult to develop meaningful economic models to evaluate C&D waste
minimisation strategies in New Zealand. Objective One was established for this goal,

I.e. to understand these factors from the industry’s perspective.

9.2.2. Method

This objective was achieved via an interviewing technique called ‘elite interviewing’.
This method was undertaken with willing practising professionals in construction. To
ensure the study meets all stringent requirements needed for an academic research,
the research ethics for approval was sought and approved by the AUT Ethics

Committee. The ethics approval letter is included in the Appendix E for reference.
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Semi-structure elite interviewing method was carried out with seven practising
professionals in the New Zealand construction industry. These professionals come from

different background, including:

e A Project Director with 40 years of work experience in NZ

e A Waste Management Consultant with 35 years of work experience in NZ

e A Senior Architect with 20 years of work experience in both the UK and NZ

e A Senior Project Manager with 20 years of work experience in NZ

e A Construction Manager with 20 years of work experience in the UK and NZ

e A Construction Manager with 15 years of work experience in the UK and NZ

e A Product Category Manager with 11 years of work experience in NZ

construction supply chain management

Overall, the comments and feedback obtained from the interviews were useful for this
research. This is due to the fact that all interviewees are senior managers of their
respective companies and have had extensive involvements in the New Zealand
construction industry. This means there is a wealth of knowledge and experience that
the interviewers possess. As a result, not only are their feedbacks useful for this study,
to a degree they are a reflection of the understanding within this industry regarding C&D

waste minimisation.

The collected data were analysed with the aid of Microsoft Excel™. Using this software,
useful information on C&D waste minimisation can be tabulated and extracted from
interview results. Subsequently, key variables affecting C&D waste minimisation could

be identified.
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9.2.3. Findings

9.2.3.1. Incentives as key drivers for waste minimisation

It has been shown in the literature that by having an appropriate incentive scheme,
significant waste reduction can be achieved (Tam & Tam, 2008). In other words, the
(financial) incentives act as a lever to influence the behaviours of companies and
operatives in the quest to reduce C&D waste. In New Zealand, there are some incentive
schemes, such as the Green Building and Green Star Certification. And they have

shown some success in waste reduction.

By contrast, it was found from the interviews that with the current technology and skills,
it is possible to reduce and recycle C&D waste in New Zealand. However, the reason
the uptake of waste minimisation remains low (and slow) is due to the lack of economic
incentives offered to companies. As money a key economic driver in construction, the
lack of monetary incentives has discouraged construction companies to adopt C&D
waste minimisation practices. As a result, waste reduction is not considered a high

priority in building construction projects.

Further, it is contended that having incentive schemes is not enough. There needs to be
penalty schemes to the similar effect. A penalty scheme is the reverse of an incentive
scheme in that contractors can be penalised for their generation of C&D waste. It is
anticipated that a combination of incentive — penalty scheme can strengthen the
encouragement/enforcement of waste minimisation in the New Zealand construction
industry. This is because on the one hand construction companies can be rewarded for
effective management of C&D waste. On the other hand, they could be penalised for

ineffective C&D waste management. However, a lack of an incentive — penalty scheme
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in New Zealand is a missed opportunity and one which could be addressed in

subsequent studies.

9.2.3.2. Design-out-waste as a key consideration in projects

The interviews also revealed a common belief in construction that C&D waste
minimisation has the greatest impacts at the design stage. This perception is consistent
with findings in the literature review (see, for example, Chong et al, 2009; WRAP,
2012). It has been argued by WRAP that design-out-waste should be a key
consideration at the design stage in any project to ensure a maximum waste reduction

can be achieved (WRAP, 2007, 2009, 2011).

Further, it was indicated in the interviews that having the design-out-waste
considerations at design stage do not generally increase the additional cost
significantly. Instead, the cost of design-out-waste is so small that sometimes the costs
of waste minimisation-focused designs are the same as those of non-waste
minimisation-focused designs. However, design-out-waste is not placed high in the
project agenda due to the (wrongfully) perception that it would increase the project cost

significantly.

This is finding is consistent with those of WRAP studies. The finding also shows there is
much work to be done to 1) educate people in the construction industry of the value of
design-out-waste; and 2) to change the perception that designs with design-out-waste
components are more expensive than conventional designs (WRAP, 2007, 2009,

2011).
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9.2.3.3. Landfill charges as key economic factor in waste minimisation

It was also found from the interviews that landfill charges imposed on C&D waste
disposal is a major variable that can have significant effects on the success of a C&D

waste minimisation strategy.

Currently in New Zealand, there are no schemes to differentiate or categorise distinct
types of waste streams, leading to a situation where it is more economical to dispose of
C&D waste than it is to reuse and recycle C&D waste. And this is done at the expense
of the environment. Therefore, the interviewees argued that there is an urgent need for
a fee charging scheme that is specific to C&D waste in order to change construction’s

current waste disposal behaviours.

In specific, there is a common perception among the interviewees that the current C&D
waste landfill charges are too low. They argued that a higher landfill charge for C&D

waste is urgently needed to deter polluters from disposing of C&D waste in landfills.

9.2.4. Implications

9.24.1. Implications for New Zealand Construction

The interview results show that there is still much work that needs to be done in C&D
waste minimisation in New Zealand. The industry’s high dependency on the changes of
landfill charges means that it is vulnerable to the external environments. As such, there

is an urgent need for the industry to address this vulnerability.

One approach is for the New Zealand construction industry to establish a closer
working relationship with the waste management industry to manage and minimise the
C&D waste outputs. This could be achieved through contractual agreements or via

collaboration. In the former category, specific requirements regarding C&D waste
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management such as recycling rates can be tightly incorporated and elaborated in the
contracts for services. This can ensure construction companies meet their waste
management and/or minimisation targets. However, the downside of this option is the
cost, as waste management companies will likely charge construction companies a
premium for such services. In the latter category, construction companies are likely
required to establish a long-term working relationship with waste management
companies to ensure the collaboration in C&D waste management is beneficial for
everyone. Although this option may be less costly to construction companies compared
to the former, it is more time-consuming, as it requires both parties to spend time and

effort to work towards a common goal.

Another approach is for the industry to create an internal industry-driven decision-
making mechanism to promote and encourage C&D waste minimisation in NZ
construction. This is because it has been observed that for any construction-related
programme to be sustainable, it must be driven internally by the industry itself. Such a
decision-making framework can helpful for the industry, as it provides a platform for the
industry as a whole to work towards a common goal of minimising C&D waste.
Moreover, such a framework can help the industry to create and drive initiatives such as

an industry-specific incentive-and-penalty scheme in order to achieve this goal.

9.24.2. Implications of this Study

The information obtained from the interviews was particularly helpful for this study.
Based on this information, a contextual framework representing the economics of C&D

waste minimisation in New Zealand construction was developed.
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9.3. Objective Two
9.3.1. Objective Statement

TO IDENTIFY ACTIONS NEEDED TO ENCOURAGE THE UPTAKE OF ZERO

WASTE IN NEW ZEALAND CONSTRUCTION

9.3.2. Method

The approach undertaken to achieve Objective Two is similar to that in Objective One.
Specifically, one-on-one semi-structured elite interviews were employed to help identify
necessary actions required to encourage the uptake of waste minimisation in New
Zealand construction. Further, the interviews were carried out with the same seven
practicing professionals in the NZ construction industry. Interview results in this

objective were used as basis for the modelling process.

9.3.3. Findings

9.3.3.1. High landfill charges as deterrent to C&D waste disposal

As briefly mentioned in Section 9.2.3.3 above, there is a consensus among
interviewees that there is a need for New Zealand to increase landfill charges. The
rationale for this suggestion is that since money is a key factor in decision-making in
construction, a high fee for C&D waste disposal can, and will, force companies in the
construction industry to reconsider their current practice of disposing of C&D waste to
landfills. This is because high landfill charges will make disposing of waste in landfills

become an expensive exercise which will affect companies’ financial bottom line. Over
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the long term, it is anticipated that this will make the construction industry more

responsible for its actions around C&D waste.

The consensus from the construction professionals is that the landfill C&D waste
disposal fee of $150 per tonne is appropriate. It is felt that the current C&D waste
landfill charge of $10 per tonne is too low and is an impetus for construction companies
to continue the practice of dumping waste in landfills. It is anticipated that a 1500%
increase in landfill charges will change this behaviour because this high fee will make it
very expensive for construction companies to continue their current practice: disposing

of waste in landfills.

9.3.3.2. Rigorous waste minimisation strategies equals large cost savings

It was revealed in the interviews that there are many benefits associated with C&D
waste minimisation, including direct terms (such as cost savings) as well as indirect
terms (such as improved reputation). Further, all benefits have their associated values;
and such values can be monetised or cost otherwise. Therefore, these benefits need to

be evaluated accordingly.

There are many materials available in New Zealand outlining this fact (BRANZ, 2009;
ITM, 2013). However, the fact that C&D waste remains a large portion of all landfill
waste means that perhaps this is due to the attitude of operatives within the
construction industry regarding C&D waste. It has been shown in overseas studies that
attitudes and perceptions around C&D waste can have significant influence on the
actions of C&D waste minimisation (Teo & Loosemore, 2001; Kulatunga et al, 2006;

Begum et al, 2006; Afroz et al, 2008). As such, there needs to be a comprehensive
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educational framework setup to provide a good understanding of issues with C&D

waste, and benefits of C&D waste minimisation.

For such an ambitious programme to work, there needs to be commitment from key
stakeholders in construction. These key stakeholders include, but not limited to,
relevant government departments, key industry bodies, construction companies and
education providers. Further, these key stakeholders must work collaboratively to
ensure tangible outcomes around C&D waste minimisation can be achieved. Such an
educational programme can be complex and costly to set up and run, as it involves
many parties with differing interests. However, it is anticipated that such an educational
programme will provide significant benefits to the construction industry via reduced
wastages and increased cost savings. Longer term, this in turns can help the New

Zealand construction industry to be more sustainable.

9.3.4. Implications

9.34.1. Implications for NZ Construction

It was generally acknowledged by the interviewees that in the short-term, the high
landfill charging fee of $150 per tonne will deter polluters from disposing C&D waste
into landfill. This is because companies will avoid sending waste to landfills in order to

save costs.

However, at the same time they may find other ways to get rid of the C&D waste. And

this may lead to increased illegal dumping of C&D waste materials.

Therefore, appropriate strategies are needed to minimise adverse environmental effects

that may arise from this proposal. Over the long-term, it is anticipated that construction
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companies will adjust to this new working environment and minimise their C&D waste

accordingly.

It is also anticipated that as more C&D waste being recycled and repurposed, it could
also create additional economic opportunities such as second-hand markets for
recycled construction materials or niche recycling markets of companies. Not only do
such opportunities help stimulate and encourage waste minimisation actions but they
also have a role in creating additional employment opportunities and additional wealth
for communities. In this sense, the construction industry has an indirect contribution to

the economic development of the wider society.

9.3.4.2. Implications of this Study

As previously stated, the aim of this research is to understand the economics of a zero
waste strategy in the New Zealand construction context and to identify the most
economically optimal waste minimisation strategy in building projects. To achieve this
goal, the current study develops an economic evaluation framework based on feedback

obtained from Objective One and Objective Two.

As identified in these two research objectives, ‘landfill charge’ is the key variable
affecting C&D waste minimisation strategy in New Zealand. As a result of this finding,
the variable ‘landfill charge’ is incorporated into the modelling process. Further, the
landfill charge for C&D waste is set at $150 per tonne. The reason for choosing this
value is to test the hypothesis obtained from the qualitative part of the research: ‘landfill

charge of $150 per tonne can deter polluters from disposing C&D waste to landfills’.

It is anticipated that this approach allows the research to analyse in detail the economic

effects of landfill charges on C&D waste minimisation strategies. By understanding this
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variable, it is further anticipated that the industry can take appropriate actions and
strategies to facilitate a successful C&D waste minimisation programme in New

Zealand.

9.4. Objective Three
9.4.1. Objective Statement

TO FORMULATE A FRAMEWORK TO EVALUATE THE ECONOMICS OF C&D
WASTE MANAGEMENT STRATEGIES AVAILABLE TO NEW ZEALAND

CONSTRUCTION

Based on relevant qualitative data collected from interviews, an economic framework
was developed to evaluate the economic values of appropriate C&D waste minimisation
strategies, including zero waste. The economic evaluation framework developed in this

research is mathematical-based and is based on results obtained from interviews.

In economics, mathematical-based modelling is often employed to fulfil requirement of
economic evaluation (see, for example: Doppelt & Dowling-Wu, 1999; Begum et al,
2006; Yuan et al.,, 2011; Hogg et al, 2011; Till, 2013). Given that the specific
requirement of this study is to evaluate the economics of C&D waste minimisation
strategies, it makes sense that this study also uses mathematical modelling as basis for
analysis. As stated in Chapter 5, the focus of the study is on the client’s perspective

regarding C&D waste minimisation, with a ‘client’ being defined as the building owner.
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9.4.2. Method

To account for the time value of money, wherever appropriate the study employs a
common accounting technique called Net Present Value (NPV). NPV is a powerful
method that takes into account the value of money through time based on discount
rates. As projects under consideration in this study are multi-year projects, NPV is
appropriate to account for time value of money. As a result, NPV would be used

wherever applicable in this study.

In addition, the study also employs a wide range of economic evaluation techniques
such as Economic Impact Analysis (EIA), Benefit-Cost Analysis (BCA) and Cost
Effective Analysis (CEA) to help analyse the results. The combination of these

economic evaluation techniques helps the study convey its results effectively.

To test the applicability of the models developed, the study employs ‘case study’
research. Two case studies were chosen: a new construction of an education centre
and a refurbishment of an office building. The first case study focusses on the economic
evaluation of six waste streams whereas the second case study focuses on one waste
stream (brick waste). The reason for this choice is to demonstrate the flexibility of the
framework developed in this research: the framework could be used to evaluate either a

single waste stream or a range of waste streams.

The research considers seven waste strategies. These strategies range from the most
basic strategy (such as landfilling waste) to the most ambitious level (such as zero
waste). The rationale for the chosen range of waste strategies for this research was

offered in Chapter 6.
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Table 47: C&D Waste Minimisation Strategies in this Research

Waste Strategy

Strategy 1 2 3 4 5 6 7
Description | Waste to Waste Waste Waste Waste Waste Zero

Landfill Reduction | Reduction | Reduction | Reduction | Reduction Waste
Reduction 0% 5%-10% @ 11%-30% 31%-50% | 51%-70% | 71%-95% 100%
Rate

The economic evaluations of these waste streams were offered in Chapter 7 (Case

Study 1) and Chapter 8 (Case Study 2).

9.4.3. Findings

Chapter 7 and Chapter 8 have shown that the economic evaluation framework
developed in this study is flexible and capable of evaluating the economics of wide
range of waste streams under different C&D waste minimisation strategies. This section

summarises key findings in this study.

9.4.3.1. Cost Component of Baseline Strategies

The baseline strategy for case study 1 is Level 5 waste minimisation strategy while
baseline for case study 2 is Level 1 waste strategy. In both cases, the disposal of C&D
waste is not cost-effective. This is mainly due to the major adverse impacts this
operation has on the environment: C&D waste is often not treated or processed before
being disposed of. Thus it has a high potential to create major environmental and health
hazards in the future. In this study, these are considered non-cost attributes of waste

disposal.

Both the baseline strategies show high levels of costs for C&D waste disposal. This is

due to the fact that there remains a significant amount of C&D waste in the baseline
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strategies. Coupled the high landfill charge of $150 per tonne, the costs associated with

collecting and landfilling the waste remain high.

Although the analysis shows that the costs of design-out-waste in both baseline
strategies are lower than those of other strategies in their respective cases, when taking
non-cost attributes into account, the total cost of waste disposal may end up being

much higher than its current level.

Therefore, due to this high potential cost, it is recommended that the client should

consider other waste minimisation strategies.

9.4.3.2. Cost Component of Level 6 and Level 7 Strategies

At these levels, the ‘costs of design-out-waste and waste strategy’ are significantly
higher than those in the baseline strategies of both case studies. The higher costs of
these components are due to the high compliance cost that the client must spend to
ensure high level of waste reduction. In particular, they must also spend significant
money to establish waste minimisation strategies for the projects and ensure all project
partners follow and adhere to the waste minimisation strategies. Also under Level 6 and
Level 7 strategies, the client must spend more money on design-out-waste than they do

in the lower level strategies.

Further, since these strategies require a significant amount of double-handling of waste,
the cost with such activities must increase accordingly. The double-handling of waste
comes from the fact that waste is transported twice: first, waste must be handled from
collection point (i.e. construction site) to waste management facilities. Subsequently
waste must be handled at waste management facilities to get rid of any residues that

cannot be recycled or salvaged. This is the unique (and costly) feature of this strategy.
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In the ‘landfill’ strategy, all waste is disposed of to landfill regardless of their reusability
or salvage values. However, in the zero-waste strategy, all waste is recycled or reused
thus eliminating the need to transport waste from waste management facilities to dump
site. As a result, careful consideration must be given to this strategy, as the client may

end up paying twice for the transportation of waste.

The ‘zero waste’ strategy requires rigorous waste minimisation undertaking. As a result,
the waste generated under this strategy is less than that under the other alternative
strategies. This is true in both case studies. Moreover, with the high recycling and reuse
rate (100%), this strategy offers the client a cost-effective option. This is because in the
‘zero waste’ strategy less waste is produced, thereby saving the client on materials.
With less waste produced, the client spends less on transportation and processing
costs while deriving earnings from sales of reused/recycled materials to offset the cost

of purchasing original materials.

Similarly, Level 6 waste minimisation strategies can offer the client a near identical cost
efficiency as the zero-waste strategy. However, unlike the zero case, the Level 6 waste
minimisation is achievable due to their lower requirements for waste reduction rates
than its zero waste counterparts. Level 6 strategy of case study one requires a waste
reduction rate of 78% while Level 6 strategy of case study requires a waste reduction
rate of 71%. In practice, both these waste reduction rates are achievable (and in fact
have been achieved in real situations). Further, the costs associated with achieving
these levels are much lower than those for Level 7 (zero waste) strategy. But the
returns between the two levels for both case studies are similar. And therefore, it can be

argued that Level 6 strategies in both cases are more economical than the Level 7
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strategies. The cost-effective of Level 6 strategy is a compelling argument for its

implementation in construction projects.

9.4.3.3. Benefit Component of Baseline Strategies

Both case studies show that there is little benefit to the client in the ‘landfill’ strategy. By
dispose of the C&D waste, the clients get rid of all potential cost savings that could be
derived from it. This includes opportunities to on-sell the processed materials to the

secondary markets to offset the costs of purchasing the original materials.

Although in many situations it could be economical to dispose of the waste, as the
additional costs associated with processing waste may outweighs the benefits derived
from it. However, in the case studies considered in this thesis, the benefits of recycling
waste outweigh the cost of landfilling C&D waste. This is a compelling case to consider

C&D waste minimisation as a better alternative to ‘landfilling’ waste.

As the baseline strategy of case study one is a Level 5 waste minimisation strategy, the
degree of benefits that the client can derive from this case is much higher than those in
the baseline strategy of case study two (since the baseline of this case study is Level
1). However, in both cases Level 6 waste minimisation strategy is the ideal strategy for

this case study.

9.4.3.4. Benefit Component of Level 6 and Level 7 Strategies

The benefits offered by these two strategies are much higher than those offered by their
respective baseline strategies. It can be observed that with a high landfill charge, the
clients gain significant economic benefits. This is because as more waste is diverted
from landfills, the client can save more on waste disposal costs. This observation

demonstrates a positive relationship between ‘landfill charges’ and ‘economic benefits’.
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These arguments show a compelling business case for the clients to implement a waste

minimisation strategy.

However, there is one area that this study did not sufficiently cover, that is the lack of
explicit evaluation of intangible benefits for the clients. There is a common trend in both
case studies: the clients have received significant values from their projects but they did
not quantify and evaluate such intangible benefits in their respective projects. This is a

missed opportunity and one which requires further research.

9.4.3.5. BCA of Baseline Strategies

The Benefit-Cost Ratio (BCR) is the ratio between the benefit component and the cost
component of a strategy. Due to the fact there is no benefit to the clients under the
‘Landfill’ strategy, the BCR of this strategy is 0%. This means the ‘landfill’ strategy is not
an economically efficient option. From an economic perspective, the client should avoid

this strategy and consider other options that can offer better value for money.

By contrast, the baseline strategy for case study one shows a relatively high degree of
economic efficiency (BCR = 71%). This is perhaps due to the high level of investment
that the client has spent in this strategy to ensure at least 51% of their C&D waste
outputs could be diverted from landfills. As argued in Section 9.4.3.3 above, despite its
relatively high economic efficiency, the Level 5 strategy of Case Study One does not

deliver the optimal economic returns and thus it can be improved.

9.4.3.6. BCA of Level 6 and Level 7 Strategies

The BCRs of both these levels show near identical economic efficiency rates (105%
and 131% for Level 6 and Level 7 in case study 1 and 94% and 97% for Level 6 and

Level 7 in case study two).
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It has been observed that a high landfill charge of $150 per tonne brings a high cost of
waste disposal. This high cost of waste disposal is perhaps the impetus for the clients
to look for alternative options to landfilling waste. An alternative is to minimise waste.
This means there is a need to identify an optimal strategy that could deliver the client a

high level of returns (benefits) for a reasonable price (costs).

As more waste is managed and minimised through waste minimisation strategies, the
clients also receive more benefits through cost savings and material savings. There is a
cost associated with the implementation of the ‘waste management’ strategy. However,
the benefits received by the clients can help recuperate some of this cost. This explains

for the increasing BCRs in all waste minimisation strategies in both case studies.

As more stringent requirements for waste minimisation are required, more aggressive
steps are needed to minimise waste. Steps that the clients employ can be a

combination of management methods including, but not limited to:

e Value Engineering: to realise potential values and areas that can be exploited
to deliver added value to waste minimisation strategy

e Just-in-Time (JIT): to ensure right amount of materials delivered to site when
needed in order to minimise wastage

e Total Quality Management (TQM): to ensure all work packages are

completed to the desired quality to minimise rework and double-handling

This culminates to the ‘zero waste’ strategy. Hence ‘zero waste’ is the ultimate goal of
the ‘waste minimisation’ strategies. In the zero-waste strategy, the disposal costs

decrease sharply due to the elimination of the cost of transporting to landfill.
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However, the compliance costs associated with the implementation of the zero waste
strategy are significantly higher than those in Level 6 waste strategy. But the rates of

return (BCRs) between the two strategies remain similar.

9.4.3.7. Optimal Rates of Waste Minimisation

This study has made two discoveries. The first discovery is BCR is an appropriate
metric to assess the comparative economic efficiency of C&D waste minimisation
strategies. The second discovery is an establishment of the optimal C&D waste

minimisation rates. The second discovery will be discussed in detail in this section.

From an economic perspective, Level 6 strategy in both case studies is the optimal
waste minimisation strategy, as it delivers the optimal value for money to the clients in
the two cases considered in this research. Based on this result, it can be argued that
the optimal rate for C&D waste minimisation lies between 71% and 78%. The first figure
(71%) comes from the second case study while the second figure (78%) originates from
the first case study. As shown in both case studies, any waste minimisation rates higher
than these base figures only add marginal benefits to the clients while at the same time
incurring higher costs. Therefore, these base figures are optimal minimisation rates for
each case study; and collectively they form a basis for an establishment of the optimal

C&D waste minimisation strategy for this research, namely Level 6.

However, this result is based on the limited sample used in this research (two case
studies). As a result, further research is required to validate this finding. Nevertheless,
this finding has established a basis for future investigations in C&D waste minimisation.

This is based on the fact that no previous studies have made this discovery.
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9.4.4. Implications

9.44.1. Uniqueness of the research

The economic evaluation framework developed in this study is unique to the New

Zealand construction industry for several reasons.

First, it was developed based on interviews with New Zealand-based practising
construction professionals with many years of experience. The feedback received from
these professionals has ensured that the framework is applicable to the New Zealand’s

situation in relation to C&D waste minimisation.

Second, investigations into the economics of C&D waste have not been previously
undertaken in New Zealand. A number of previous studies have outlined potential
benefits of C&D waste management (Snow and Dickinson, 2001; Kazor and Koppel,
2007; Kestle & Rimmer, 2010; ITM, 2013; BRANZ, 2014). However, no studies have
expressly evaluated the economics of a zero-waste strategy. This is knowledge gap in
New Zealand construction that needs to be filled urgently; and it is the objective of the
study reported in this thesis. To this end, this study is the first of its kind in New Zealand

to investigate the zero-waste paradigm of economics of C&D waste minimisation.

Third, the framework was designed to be flexible and applicable to various waste
streams and situations in New Zealand. To validate its flexibility and applicability, the
framework was applied to two case studies of different natures to evaluate a range of
waste streams. The results show the framework was able to achieve its designed
objectives. In other words, the framework could be used to evaluate either a single
waste stream or a multitude of waste streams. Further, the framework can assess the

economics of various waste strategies, ranging from the basic strategy (such as
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landfilling waste) to the advanced waste minimisation strategy (such as zero waste).
Overall, this New Zealand-centric economic evaluation framework has allowed for its

applications to be unique to the New Zealand cases and situations.

Finally, the research has established the optimal rates C&D waste minimisation strategy
and optimal waste minimisation rates in New Zealand. It was found that the optimal rate
for C&D waste minimisation strategies in the building industry lies between 71% and
78% (Level 6 strategy). Although this finding was based on a limited sample (two case
studies), it has nonetheless established a basis for future research in C&D waste
minimisation. This is since no previous studies have made this discovery and

established such a detailed base figure.

9.44.2. Collaboration as a key to desired waste minimisation outcomes

Chapter 7 and Chapter 8 have shown that there needs to be a collaborative working
environment to ensure a successful waste minimisation objective can be achieved. In
this collaboration, the client should be proactive in working with other stakeholders such
as architects, engineers, contractors and specialist waste management sub-contractors

to establish and execute an overall waste strategy.

The economic modelling in Chapters 7 and 8 has confirmed a long-held belief in New
Zealand construction that the variable ‘landfill charges’ indeed has significant influence
on a waste management programme in New Zealand. This means in order for all
stakeholders to get value out of a waste minimisation programme, there needs to be a
close working relationship between construction companies and specialist waste

management companies. This close working relationship can foster opportunities such
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as a creation of a send-hand market whereby construction companies can provide

specialist waste management companies feedstock for their second-hand markets.

Overall, in this collaboration framework, effort must be spent to monitor, track progress
to ensure all parties follow the plan and to review waste management plan as the
project progresses to ensure it is up-to-date in all circumstances. In all cases, there is a
cost associated with maintaining this collaboration as well as the implementation of a
waste management strategy. However, as shown in Chapters 7 and 8, the benefits that
the clients can derive from such a strategy outweighs this cost. Many of the benefits

that the clients get are intangible and unquantifiable. They include:

e opportunities to improve reputations and credentials to increase the
opportunities to market the clients’ brands and images

e contribution to the increased morale, well-being and productivity of people
working in the buildings

e an opportunity to increase the value to the clients via potential (highly

competitive) rentals

The quantification of these intangible benefits is highly complex and one which
constitutes a different study. Due to the limited time and scope of this research, it is not
possible to explore this area. For the purpose of this study, assumptions regarding the
intangible benefits of ‘waste management’ and ‘zero waste’ strategies have been made
for both case studies. Despite the fact that the assumed economic values for these
intangible benefits are conservative in both cases, the analyses in Chapters 7 and 8

showed the clients achieved high levels of economic efficiency for both ‘waste
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management’ and ‘zero waste’ strategies. It can be, then, concluded that there are

values in minimising C&D waste.

9.5. Limitations
While the framework developed in this study is flexible and can be used to evaluate the
economics of different C&D waste minimisation strategies, there are limitations in its

methodology.

First, the study only considers one factor that can have significant impacts on the
success of a waste minimisation strategy in NZ construction: landfill charges. This
factor was identified in the research as important drivers in a waste minimisation
strategy. However, this sole focus on this one variable makes this study one-
dimensional. There are many interacting factors that can have significant effects on the
success of a waste minimisation strategy. Thus by making ‘landfill charges’ the one key
variable, this study does not, and cannot, exhibit the true extend of the problem related

to C&D waste minimisation in New Zealand. This is one major weakness of this study.

Second, the economic modelling undertaken in this study is stationary, i.e. nothing
changes under any circumstances. This is the underlying assumption underpinning this
study. Although this assumption helps simplify the modelling process, it is not realistic,
as there is always a degree of uncertainty involved in a C&D waste management
strategy. As a result, subsequent studies can be carried out to establish other variables
that have significant effects on the success of a waste management strategy. These
variables may be tested using advanced techniques for uncertainty analysis such as

Monte Carlo analysis to analyse their behaviour under changing circumstances (i.e.
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under uncertainty). This will cater for a better understanding of variables or factors

affecting New Zealand construction’s zero waste aspiration.

Third, although the study acknowledged there were many intangible benefits associated
with a C&D waste management strategy, it did not evaluate the economics of such
intangible benefits. Instead, assumptions regarding the economics of the intangible
benefits were made. Although these assumptions simplified the problem at hand
significantly, they may not be realistic; thus rendering the study for potential scrutiny.
Furthermore, without a method to explicitly evaluate the intangible benefits, any attempt
to emulate this study is difficult. This is because assumptions regarding these intangible
benefits must be made every single time; hence making the framework unreliable. This
is a missed opportunity and one which subsequent researches could investigate in

detail.

Finally, the study currently focuses on the economics of C&D waste minimisation from
the client’s perspective. Although this choice is sufficient for the purpose of this study
(i.,e. to demonstrate the applicability of the economic framework developed in this
study), it does not cover all aspects relating to C&D waste minimisation in the New
Zealand construction industry. There are many parties involved in a construction
project. They include, but not limited to, clients, architects, engineers, quantity
surveyors, land surveyors, contractors, specialist sub-contractors and waste
management sub-contractors. Each of the parties mentioned above has a different
perspective, a different objective and a different focus relating to C&D waste
management. But they all contribute to the success of an overall project C&D waste
minimisation strategy. By focusing on the client side is a good start, as they ultimately

pay for everything in the construction project. However, this choice may be too narrow
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and does not cover or reflect all aspects involved in a C&D waste management
strategy. Therefore, there is a need to investigate the economics of C&D waste
minimisation from other parties’ perspectives and this could be catered for by

subsequent researches.

9.6. Future Research
Overall, this study has achieved its stated objectives. Specifically, the study has
demonstrated that the economic framework is flexible and can be applied to various
waste streams. However, based on the limitations identified in Section 9.5, some

suggestions for future work can be made.

First, there is an urgent need to incorporate the incentive — penalty models of this
framework. Although this current research does not include this aspect, it is considered
an important driver for the uptake of C&D waste minimisation in New Zealand. As a
result, there are opportunities for future research to investigate an incentive — penalty
scheme in detail. It is anticipated that by being able to incorporate the incentive and
penalty models, the economic evaluation framework will become more mathematically

and economically sound.

Second, to enhance the value of the study being reported in this thesis, there may be a
need to incorporate uncertainty into the modelling process. As uncertainty is present in
all industrial processes, having it built into the modelling process can help strengthen
the framework developed in this study significantly. Further, the information derived
from the uncertainty models can help cater for improved strategies to address C&D

waste.
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To enhance this study further, effort can be spent to investigate and quantify the
intangible benefits associated with C&D waste management. This is a missed
opportunity and one which needs to be filled urgently in order to strengthen the value of

this study.

There is also a need to verify (or disprove) the proposed optimal waste reduction rates
found in this research. The optimal waste reduction range of 71%-78% was based on
the two case studies used in this research. Further, it was a product of the economic
evaluation framework developed for, and by, this study. As such, there may be errors
inherent in the assumptions and findings. In order to confirm this proposed optimal
waste reduction range, or otherwise, there is a requirement for further research to be
undertaken urgently. Any further results will provide an improved understanding of this
subject matter and in turns advance the knowledge in C&D waste minimisation

economics.

Finally, there is an urgent need to investigate the economic values of C&D waste
minimisation from other stakeholders’ perspectives. These stakeholders include, but not
limited to, clients, architects, engineers, quantity surveyors, land surveyors, contractors,
specialist sub-contractors and waste management sub-contractors. By understanding
the economic perspectives of these stakeholders on C&D waste minimisation,
appropriate strategies can be developed to ensure the sustainability of a C&D waste

minimisation strategy.
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9.7. Contribution to Knowledge

Given that there are few studies investigating C&D waste minimisation and C&D zero
waste in New Zealand, this study has contributed to the body of knowledge in the

following ways:

1. The research has developed a bespoke methodology to achieve research
objectives

2. The research has established a conceptual economic model for C&D waste
minimisation that is appropriate for the New Zealand construction industry.
This conceptual model can be used as a roadmap to chart necessary
pathways to minimise C&D waste

3. The economic evaluation framework developed in this research is flexible and
applicable to a range of waste streams and waste minimisation strategies.
This helps advance understanding in the area of C&D waste minimisation
economics

4. The research established a methodology to identify optimal C&D waste
minimisation strategies for clients in building projects

5. As this research is the first in New Zealand to develop a comprehensive
framework to evaluate the economics of C&D waste minimisation, it can be
an impetus for further research in this area in New Zealand

6. This research established optimal rates for C&D waste reduction in the New
Zealand building sector. The optimal waste reduction rate is between 71%
and 78%. This is a major contribution to knowledge because no studies have

identified such detailed waste reduction rates as this research.
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9.8. Research Finding Evaluation
This section evaluates and associates key findings of this study with the stated
research aim, research objectives and research questions. The evaluation is

demonstrated in Tables 49-51.

Table 48: Associating Research Findings with Research Questions

RESEARCH QUESTION NUMBER RESULT
1 Addressed
2 Addressed
3 Addressed
4 Addressed

Table 49: Associating Research Findings with Research Objectives

RESEARCH OBJECTIVE NUMBER RESULT
1 Achieved
2 Achieved
3 Achieved

Table 50: Associating Research Objectives with Research Aim

RESEARCH AIM ACHIEVED

9.9. Research Conclusion
This research has achieved its research aim in establishing a base understanding of

C&D waste minimisation economics in the context of New Zealand construction.
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Through literature review, this research has established an understanding that while
construction plays an important role in national growth and wealth worldwide, it also
created significant unwanted and costly adverse effects in the process in forms of C&D
waste. It was found that there are the costs of C&D waste in forms of environmental
costs (such as resource depletion and pollution), social costs (such as health and
wellbeing of communities) and economic costs (such as remedial costs to manage
effects of C&D waste or additional investments to expand landfill sites). These costs are
significant and have significant impacts on construction’s long term sustainability
aspirations. Therefore, there is an impetus for construction and society in general to
address C&D waste urgently. As money is a key consideration in construction, there is
an immediate need to investigate C&D waste minimisation economics. This was the

rationale for this study.

The literature review also showed that although there are a number of economic
models concerning C&D waste management and minimisation, these models could not
sufficiently address two key issues: 1) how to identify the optimal C&D waste

minimisation strategies and 2) what is the optimal C&D waste reduction rate?

Subsequently, this research employed a mixed-paradigm approach to address this
knowledge gap. The mixed-paradigm approach was employed to help the research
overcome the lack of empirical information on the research subject matter. Further, it
also strengthened the theoretical perspective of the research, as it allowed for the
development of a framework that is appropriate for, and applicable to, the case of New

Zealand construction.
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As shown through the modelling process, there are significant benefits that can be
derived from the implementation of C&D waste minimisation, including tangible returns
(in forms of cost savings), as well as intangible potentials (such as increased
reputations or potential opportunities for rentals). Although the costs associated with the
implementation of C&D waste minimisation are higher than otherwise, the benefits often
outweigh such costs. Therefore, there are economic imperatives for companies to adopt

and implement C&D waste minimisation in their projects.

It was found, through modelling, that optimal waste reduction rate ranged between 71%
and 78%; and the optimal waste minimisation strategy in New Zealand is Level 6

strategy (with reduction rate between 71% and 80%).

However, one must be careful when interpret the above findings because these results
are specific to this research only. And further investigations are required to confirm (or

otherwise) the validity of the research claim.

Through the development of this robust economic evaluation framework, the study has
provided an impetus for future research. Opportunities for future work were identified

and listed in Section 9.7.

As the first study investigating economics of C&D waste minimisation and C&D zero
waste in New Zealand, this study has made significant contribution to knowledge as

outlined in Section 9.8.

Overall, this research has achieved its stated research aim and objectives by
successfully answer the research questions. The evaluation of the research was shown

in Section 9.9.
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APPENDIX A - PHASE 1 INTERVIEW QUESTIONS
1. What is your role?
2. Do you have an overall sustainability policy for your organisation?
a. If Yes, please elaborate!
b. If No, please explain why!

3. What is your definition of waste in construction?

4. What are your main considerations in a project?

5. How does waste management/minimisation fit in?

6. What do you do to manage/minimise C&D waste generated?

7. How much time/effort/cost do you currently have to spend to manage C&D
waste?

8. In your opinion, what else can be done at your organisation to minimise C&D
waste?

9. If you were to further minimise C&D waste, how much extra time/effort/cost
do you think you had to spend?

10.What benefits would you get from managing/minimising C&D waste?

11.From your experience, what are the major challenges in C&D waste
minimisation?

12.What do you think about the collaboration in construction?

13.What are your opinions on zero waste for the construction industry?

14.What are constraints that may prevent zero waste in NZ construction?

15.In your opinion, what needs to be done to achieve zero waste in

construction?
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APPENDIX B — PHASE 1 INTERVIEW RESULTS

Q Interviewee
1 2 3 4 5 6 7
1 Company Director Company Director Sustainability Project Manager Construction Manager Sustainability Manager Category Manager
Manager

2 N/A N/A Yes N/A Yes Yes Yes. We actively promote sustainable
building practices, including waste
minimisation to our customers via our
website content and building guides.
We have just updated these guides
this week. Some good information is
available on our website. We have
also endorsed the voluntary Code of
Practice developed by MAF relating
to the importation of timber.

3 N/A N/A N/A N/A Anything that cannot be N/A Waste is anything that is not re-used,

integrated into a building. As recycled or recovered which is
well as time and money typically sent to landfill or other
location for disposal.

4 N/A We do consulting to N/A Time and money We operate as a As a contractor, we focus Stores place orders to ensure they
communities in Management Contractor so on time and cost are holding enough core lines in stock
relation to waste all work onsite is carried out to meet regular demand from their
minimisation and by subcontractors. We supply trade customers and then order other
resource recovery skips and bins and require products based on a customer’s job

subcontractors to put waste specific requirements (i.e. they will
into appropriate bins to be order in non-stocked items
recycled specifically for each order).

5 Environmental Plan and | Waste minimisation N/A Environmental Plan and Our subcontractors purchase | As the Sustainability We encourage our customers to

Sustainability Plan to
set KPIs. Capture
waste streams in waste
management plan

and resource recovery
work hand in hand

6 BIM and digital = no
waste

N/A, as we are not a N/A
construction company

Sustainability Plan to set
KPIs. Capture waste
streams in waste
management plan

BIM and digital = no waste
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the materials so the risk rests
with them, as we pay a lump
sum for their service

We provide skips and bins
and require subcontractors to
keep site clean and tidy. In
case of violation, we issue
tidy-up notices to force them
to clean up the site

Manager, | focus on making
sure our company
personnel and
subcontractors meet all
required sustainability
targets set in contracts,
including waste
minimisation. This can be
hard work, as people do
what they've been doing
N/A

minimise waste through the
recommendations in our waste guide.
We also encourage customers to use
our prefabricated products if possible
such as pre-nail Frames & Trusses,
Flat pack kitchens, pre-hung doors,
etc.

We have participated in waste audit
studies previously (Target
Sustainability study in Christchurch,
2008) and have published the results
for other stores to benefit from these
recommendations.
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7 5% of jobs

8 Culture

9 extra 2% to totally
remove waste; early
engagement

10 N/A

11 N/A

N/A

Encourage resource
recovery centres to
work closely with
construction
companies

N/A

| used to run a not-for-

profit company in
resource recovery
area and we have

established a network

of resource recovery
centres around New
Zealand. It was a
success

Low landfill charges;
Lack of markets for
recycled materials

Huge effort to achieve | 5% of jobs

zero waste. Need to
affect behaviours of
people. But landfill
charge is too low

Use 80-20 rule in
designing out waste

Roles of
architects/designers
are important. So
require regular
collaboration with
each other

N/A

Low landfill charges;

Lack of understanding

in waste industry; No
relationship between
design and waste
industry; No legal
requirements for
deisgning out waste;
No incentives

N/A

extra 2% to totally remove
waste; early engagement

N/A

Lack of incentives (such
as take-back schemes);
low landfill charges
(increase to $120 per
tonne then we can reduce
waste)
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It takes us a lot of time and
effort, as we have to
establish preliminary
meetings to set agendas with
the clients and then with
subcontractors before
handing over the
responsibilities to the
subcontractors

People being more efficient
will help. In demolition jobs,
we require at least 80% of
waste reduced. As a
Management Contractor, we
do not generate much waste

Not applicable, as we do not
generate much waste initially

Efficiency and cost per dollar
return

Efficincy and return; Educate
workmen and clients on
requirements and Green Star

Hard to answer. All
depends on the job

Training and Education.
Education is a big part.
Sometimes | have to run a
workshop for both internal
and external people to
ensure we are on the same

page

Hard to answer. All
depends on the job

Image and future work

Low landfill charges; Lack

of incentives; Low skill
levels

It is not a time intensive part of my
role currently. We have previously
spent significant time and effort in
researching waste minimisation and
developing the guides mentioned
above so now it is now a case of
continuing to promote and encourage
the recommendations to our stores
and customers.

We have implemented several
initiatives above and continue to
encourage new initiatives as waste
and recycling markets develop.
Measuring waste output is difficult at
present due to our co-operative
structure and lack of quality data
available. However, longer term this
would provide benefits to us in terms
of measuring results.

Difficult to answer as it depends as to
what level we wanted or needed to
minimise waste and this would not be
measurable for us as above.

Please refer to our waste guide which
outlines benefits to our customers
and these would also apply to us.

The availability of viable recycling &
recovery markets for major
construction waste streams; treated
or engineered timber, plasterboard,
concrete & masonry, hazardous
wastes etc
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12

13

14

N/A

Zero waste: not
achievable task

Lack of Recovery
parks; Lack of Markets;
Challenge in getting
private developers to
care about waste
minimisation. On the
other hand, big clients
have better ethics and
will require waste
minimisation

N/A

Good to have an
objective. But will take
a long time to achieve
it

As above, lack of
markets for recycled
materials

Early days yet

Good industry goal
but have to have
pathways to test its
applicability. Doable
but lots of work to get
there

N/A

N/A

N/A

Lack of Recovery parks;
Lack of Markets;
Challenge in getting
private developers to care
about waste minimisation.
On the other hand, big
clients have better ethics
and will require waste
minimisation
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Between us and our
subcontractors: good, as it is
mutualy beneficial for us to
maintain good relationships;
Between Client and
contractors: need early
contractor involvement, as
contractors can provide
feedback on designs and
collaborate more

Absolute zero: not achievable
due to human errors and
handling and distribution

Construction industry is
wasteful since materials are
cheap but labour is
expensive. Poor quality of
tradesmanship - low skills
and inefficient = waste

Can be improved

Ideallistic but worth a try

Lack of incentives and lack
of markets for recycled
materials

Unclear on this question but if you are
referring to collaboration in the
construction industry regarding waste
minimisation some work was started
in various areas but incentives to
minimise waste are very low so
viable/economical markets have not
developed for some major waste
streams e.g. treated timber and
plasterboard. Landfill levies and
Greenstar projects have definitely
encouraged greater efforts and
funding for waste minimisation
initiatives.

A very lofty ambition, particularly for
the building industry which accounts
for approx. half of all waste to
landfills! Without strong government
support and resulting industry
engagement it is highly unlikely to
gain major traction towards this goal.
As above, weak government support
and industry engagement.
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15

N/A

Incentives and
regulation

N/A

Mandatory requirements

Use and import higher quality | Upskills workers

and regulation; not enough | products; upskills labour and

regulation and incentives
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skills

a)

b)

Strong government support
(funding for waste
minimisation research,
programmes or initiatives,
especially for large scale
recycling and recovery
markets for key waste
streams. This could be funded
from higher landfill levies) and
Industry engagement (which
will only occur through strong
incentives to do so such as
higher landfill levies/penalties
on specific high volume or
high risk waste streams going
to landfill). A signal to industry
from Government of pending
penalties or higher landfill
levies unless demonstrable
reduction in waste by 20XX
would be enough to get
relevant industry parties
(waste companies/suppliers &
merchants/builders) together
to form working
groups/committees to
discuss/promote initiatives to
reduce waste. Failing industry
engagement | believe
penalties/levies only way to
move positively towards zero
waste goal.
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APPENDIX C — PHASE 2 INTERVIEW QUESTIONS

1.

My research found the optimal rate for C&D waste minimisation is between
71% and 78%. What are your opinions on this finding?

My study also found design-out-waste also plays an important role in C&D
waste minimisation. What are your opinions on this?

In your opinion, what can be done to encourage waste minimisation practices
in New Zealand construction?

Any other comments?
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APPENDIX D — PHASE 2 INTERVIEW RESULTS

Question

1
Company Director

It sounds about right. Currently
we aim for waste reduction - if
we have to - at around that
figure. Of course if the contractor
can reduce further, it's better
because they are likely to get
work in next projects. But we
don't generally aim for too high

Design stage can reduce waste
so it makes sense to consider
waste minimisation here. The
problem is most clients, except
for government clients that
we've worked with, they see it as
a costly exercise. This is
especially true for developers.
So in reality design out waste is
only done in major government
projects

Incentives and high penalties for
waste dumping

I'd like to get a copy of your
study at your convenience

2
Company Director

N/A

N/A

N/A

N/A

3
Sustainability Manager

N/A

N/A

N/A

N/A

Project Manager

N/A

N/A

N/A

N/A

4
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Construction Manager

Yes, generally that's the kind of figure we aim
for. Naything more than that is not feasible
because it costs us more

We have our own in house design team and
they generally get involved in th design with the
architects in our major projects. So we see the
value of getting in early with the designers in
reducing errors and waste. Contractors need to
have a say in a project. But generally this is not
always the case so | think we as an industry can
do more to improve collaboration

Increase landfill charges

Your study is interesting and can be of value to
us

6
Sustainability Manager

| think most of our projects aim for a figure in
that range. If we can reduce more waste, it's
great because we can get more work in the
future.

In theory it is great but in reality it is not
always the case. New Zealand is much
smaller than the UK so | think design out
waste is always going to face a challenge in
conving people of its value. But definitely
deisgn out wast has its values as shown in
the case studies in the UK.

Incentives and high landfill charges

N/A

7

Category
Manager

N/A

N/A

N/A

N/A
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APPENDIX E - ETHICS APPROVAL FROM AUT

AU

NIVERSITY ECRETARIAT

ANANGA ARONUI O TAMAKI MAKAU RAU

8 September 2014

John Tookey

Faculty of Design and Creative Technologies

Dear John

Re Ethics Application: 14/266 Mapping the economic values of a zero waste policy for construction materials in New

Zealand.

Thank you for providing evidence as requested, which satisfies the points raised by the Auckland University of Technology Ethics

Committee (AUTEC).

Your ethics application has been approved for three years until 29 September 2017.

AUTEC recommends that the researcher offers to conduct interviews off site to protect the privacy of participants and assist in the

gathering of responses.

Acting under delegated authority and subject to endorsement by AUTEC at its meeting of 29 September 2014, the Executive Secretary

approved the satisfactory resolution of AUTEC's conditions.

As part of the ethics approval process, you are required to submit the following to AUTEC:

e A brief annual progress report using form EA2, which is available online through http://www.aut.ac.nz/researchethics.
When necessary this form may also be used to request an extension of the approval at least one month prior to its
expiry on 29 September 2014;
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. A brief report on the status of the project using form EA3, which is available online through
http://www.aut.ac.nz/researchethics. This report is to be submitted either when the approval expires on 29 September
2014 or on completion of the project.

It is a condition of approval that AUTEC is notified of any adverse events or if the research does not commence. AUTEC approval needs
to be sought for any alteration to the research, including any alteration of or addition to any documents that are provided to
participants. You are responsible for ensuring that research undertaken under this approval occurs within the parameters outlined in

the approved application.

AUTEC grants ethical approval only. If you require management approval from an institution or organisation for your research, then

you will need to obtain this.

To enable us to provide you with efficient service, please use the application number and study title in all correspondence with us. If

you have any enquiries about this application, or anything else, please do contact us at ethics@aut.ac.nz.

All the very best with your research,

Kate O’Connor

Executive Secretary

Auckland University of Technology Ethics Committee

Cc: Van Dai Tran tran.dai.van@gmail.com
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APPENDIX

APPENDIX F — CASE STUDY 1 CALCULATIONS

Table 51: Unit Cost Calculations

BASE RATE
Charge-out rate per machine (incl. labour) $ 120.00 $/hour
Average Fuel capacity of machine 450 L
Diesel fuel (based on 25L per hour) 3 $/iL

CALCULATIONS

Distance to travel: from site to processing facility Dsp 60 km
Distance to travel: from site to landfill Dsl 60 km
Distance to travel: from processing facility to landfill Dpl 0 km
Haulage rate HI $ 5.00 $/km
Haulage per round trip Hr $ 450.00  $/trip
Truck capacity Tc 20 tonne
Number of trips Nrt 177 trips

unit cost of collecting waste Ucw $ 22.50 $/tonne
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Total number of machinery used Tm 192 machines
Average Fuel capacity of machine Fc 450 L

Diesel fuel (based on 25L per hour) Df 3 %L

unit cost of energy used Ue $ 73.43  $/tonne
GIB weight per sheet Wg 28.08 kg
Number of GIB sheet per tonne Ng 36 sheets
Unit cost pet GIB sheet Ug $ 10.00 $

GIB cost per tonne Cg $ 360.00 $/tonne

Table 52: Case Study 1 Calculations

UNIT COST

Landfill charge $ 150.00 $/tonne

market price of material i (new) $ 316.67 $/tonne

resale price of reused/recycled

material i (market rate) $ 115.00 $/tonne

unit cost of collecting waste $ 22.50 $/tonne

unit cost of sorting waste $ 50.00 $/tonne

unit cost of energy $ 73.43  $/tonne

unit cost of recycling waste $ 120.00 $/tonne

unit cost of reusing waste $ 120.00 $/tonne

BENEFIT COMPONENT LEVEL 1 LEVEL 5 LEVEL 6
Intangible benefits $300,000.00 $300,000.00 $300,000.00
%‘;f;ﬁ:l‘g”g from reusing $ - $181,538.91  $277,647.74
%‘;?;ﬁ:l‘;'”g from recycling $ - $181,538.91  $277,647.74
g%f;rsl;‘;'”g A GLe-eHgesrel elf - e - $270,053.42  $413,022.87
Revenue from selling $ - $207,040.95  $316,650.87

recycled/repurposed materials

Total cost saving $300,000.00  $1,140,172.19 $1,584,969.22

COST COMPONENT LEVEL 1 LEVEL 5
Cost of design out waste + waste

strategy $ = $57,375.00
Cost of waste strategy $ $90,000.00
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90,000.00

$
79,427.48
$
529,516.50
$
1,117,879.93

$1,816,823.91
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APPENDIX G — CASE STUDY 2 CALCULATIONS

Table 53: Case Study 2 Calculations

UNIT COST
Landfill charge $ 150.00
market price of material i (new) $ 316.67
resale price of reused/recycled material i (market rate) $ 115.00
unit cost of collecting waste $ 2250
unit cost of sorting waste $ 50.00
unit cost of energy $ 7343
unit cost of recycling waste $ 120.00
unit cost of reusing waste $ 120.00
LEVEL 1
Intangible benefits $7,000.00
Cost saving from reusing materials $
Cost saving from recycling materials $
Cost saving from non-disposal of materials $
Revenue from selling recycled/repurposed materials $
Total cost saving $7,000.00

COST COMPONENT LEVEL 1
Cost of design out waste $2,526.43

$/tonne
$/tonne
$/tonne
$/tonne
$/tonne
$/tonne
$/tonne
$/tonne

LEVEL 2
$7,000.00

$126.29
$126.29
$88.11

$29.37

$7,281.94

LEVEL 2
$3,031.72
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LEVEL 3
$7,000.00

$277.83
$277.83
$193.84

$64.61

$7,620.28

LEVEL 3
$3,334.89

LEVEL 4
$7,000.00

$782.98
$782.98
$546.27

$182.09

$8,748.06

LEVEL 6
$7,000.00

$1,793.29
$1,793.29
$1,251.13

$417.04

$11,003.61
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Cost of waste strategy $1,462.71  $1,462.71  $1,462.71
Cost of waste collection $247.41 $235.04 $220.19
Cost of waste landfill $1,762.15 $1,674.05 $1,568.32
Cost of recycling waste 0 $17.62 $38.77
Cost of reusing waste 0 $3.28 $7.22
Cost of energy used in repurposing C&D waste 0 $67.54 $148.60
Cost of energy used in recycling C&D waste 0 $67.54 $148.60
Cost of waste materials $5,638.89  $5,356.95 $5,018.61

Total Cost of Waste $11,637.59 $11,945.52 $12,011.86

61%
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