Contents

FOTEWOIT ... (vii)
Preface ..o (ix)
ACKNOWIEAGEMENT.......eiiiiiieieieie e (xiii)
1. BASICS ... 1
L1 INtrOQUCTION ..ot 1

12  Typesof SOldWAESE.........cccoeriririneniee e 4

1.3 Waste Management CONCEPLS........ccevvrereenierienieenieseeieenees 10

1.4  Health and Environmental IMpacts...........c.ccooevenerenennenns 11

15  Global Warming ........cccocevererenenieieeeseseseseeseeeeseseneens 13

1.6 SOUrce REUCLION.......cciiriiiirieieeeieeee et 19

2. WASTE GENERATION AND CHARACTERIZATION......... 24
21 Waste Generation and Composition .........ccccceeeeverereenennne. 25

2.2 Waste CharaCterization...........ccovrererrereeieeenesesesieseeeeens 34

3. WASTE REDUCTION AND RECYLING.........cccovevivieriiniie 38
0 10 R (= ox Yo 11 o 39

3.2 Statusin Developing COUNtIES........coooeerereeeenieseeeeene 40

3.3 Statusin Developed COUNIiEs........ccoveeeererieeieene e 44

34 Caseof PlastiCS.......ccoviireireeeireeese e 46

341 Nature of PlastiCS.......ccovrereieeieririneseceeeeee 46

3.4.2 Recycling of PlasticWaste ........ccccoovveenrieeenne 48

3.5 Recovery and Recycling of E-waste..........c..ccoocevvveennnene. 53

3.6 Waste Trading......ccccovveeeeneeeesee e 55

3.7 WastePickingasaLivelihood ...........cccccoooviiiiiinieeenne 55



(xiv) Contents

4, WASTE COLLECTION AND TRANSFER .......ccccoceiiniiniinnn 58
4.1 Waste Callectionin Developing Countries............cccun..... 58

4.2 Waste Collection in Developed Countries..........c.ccoovvennee. 63

4.3 Waste Processing and DiSpoSsal .........ccccoeeeerenerienieneeneenns 66

5. COMPOSTING ...ttt 67
5.1 PrOCESS.....eiiieetieee ettt 67

5.2 BeNEfilS. o 69

5.3 Composting Technologies..........cccerveieiieinininc e 70

5.3.1 Backyard or aHome Composting ...........cccccveee. 73

532 Vermi Composting ......cccooveeeeeneseeeeneseeneeseenes 75

5.3.3 Aerated (Turned) Windrow Composting............. 81

534 Aerated Static Pile Composting ........ccceeveeveenienne 83

535 In-Vessel Composting.......ccccoveveveveeceeseseeneene 85

54  Biowaste Composting in EUrOpe.........ccccooeereneriesiesiennene 88

55 Composting Challenges...........ccoevereeieieninenineneeseseeeees 89

5.6  Composting in Developing COUNtries...........ccoceveveeeeneene 89

5.7 Composting in Developed Countries..........ccoecveveeieeninnns 95

6. ENERGY FROM WASTE .....ccooiiiiiiiiiieticee s 98
200 R 1 014 [ (o o 98

6.1.1 Assessment of Energy Recovery Potentid ........ 100

6.1.2 Environmental Impacts of the Technologies.....102

6.2 Thermal ProCessing .......ccccceeveereererseesieenieesieesesseesee s 103

6.2.1 Combustion/INCineration...........c.ccecerereereennene 103

6.2.2  PYrOlYSIS...cocoiiieeece st 129

6.2.3  Gasification .......cccocvvieveriinere e 131

6.24 PlasmaArc Gasification.........c.ccooeeeenvrveieennnne. 137

6.3 Biochemical ProCessing.......cccccveeererereeneseeeseseeeeneens 141

6.3.1 Anaerobic Digestion (Biomethanation)............. 141

6.3.2 Mechanical Biological Treatment ..................... 158

6.3.3  Fermentalion......cccoveeeeeeee e e e 161



(xvii) Contents
6.4 Chemical Processing: Esterification..........ccccveevvreniennee. 161
6.5 Recent Developmentsin WTE Technologies................... 167
6.6  Planning and Execution of WTE Technologies................ 169
6.7 Applications of Important Industrial Wastes.................... 173

7. LANDFILLING. ...ttt 175

7.1 INrOJUCTION ...t 175
7.2 Environmental Impact StUdy .........ccoeeereririneneneseenes 177
7.3 Landfill CoNStrUCioN........ccccvevereeieseseere e 178
7.4 Decomposition inthe Landfill ..........c.ccoovvineieiiiniencnnene 182
7.5 BeNEfitS. oo 184
7.6 Recovery and usesof Landfill Gas.......cccccceveeeveevenvnenen. 184
7.7 ASSOCIAEd ACHVITIES ..o 186
7.8 Health and Environmental IMpacts...........cccceevverereeneenee. 186
7.9 ANEXAMPIE. ..o 187
7.10 Landfillsin Developing COUNtries........cccovveeeneneeneereene 191
7.11 Landfillsin Developed Countries........cccccvevvvevvceecceecneene, 197
8. MSW MANAGEMENT IN INDIA.....ccoooiiiiiiieneeieie 199
8.1 INtrOUCTION ... 199
8.2 ANAYSISOf MSW ...t 205
8.3 Storage and Collection of MSW ........cccoviiiiiiininenennenes 210
8.4 Transfer Stationsand Trasporation...........cceceeeveeevceeseennne. 216
8.5 MSW Treatment/DiSpoSsal .......cccccveveeieeieeseeseeseeseesnees 219
85.1 Landfilling.....cccccevveviiiieii e 220

852  COMPOSLING ....covevirerierieieieeeiesie e 221

8.5.3 Anerobic Digestion (Biomethanation) .............. 223

8.5.4  INCINEration........ccccceiviieeeiiieee e 227

8.5.5 GasifiCation .......cccceeieiirei e 228

856 RDFPIANS.....cccceiivieieeeeee e 228

8.6 Recovery of Recyclables Materials ........cccoceevvvvveecennne 230
8.7 Hedthcare Waste Treatment..........ccovveeevvneseennsnnieennnns 232



(xviii) Contents
8.8 Hazardous Waste Management ..............ccccevvviicuciiinines 233
8.9 E-waste Management........cccceveveieiiennneeesieesies e e 234
8.10 Rules, Legislation and Legal Provisions.............c.cceeeeneee 236
8.11 Financial RESOUICES..........cceieirieniirienieieeee e 245
8.12  FULUIrE SCENAIIO.....cveeeeeeeieeie st 251
9. PRIVATE SECTOR PARTICIPATION IN INDIA. ................ 256
9.1 INtrOUCLION ..ot 256
9.2 Optionsin PSP Arrangement.........cccoceeeeneneneneneeieenenns 258
9.3 Examplesof PSPin MSW ServiCes.......ccocvvvriveieeernennn. 261
9.4  Important Contractual ISSUES...........ccecererrererieieeinenieneens 264
9.5 Survey on Privatisation of MSW Services........cccccoeeueene. 268
9.6 Roleof NGOsand CBOS.........c.ccocerereeieeeniniesiese e 270
9.7 Initiatives by Some State Governments...........c.cceeeeeenenne. 271
0.8  CaSESIUAIES......cceeieieeeeeeeere e 277
10. MSW MANAGEMENT AND PLANNING -
GLOBAL EXAMPLES.......ccio e 304
JO.1 At 304
10.2  ATTICA o 312
10.3  Latin AMENICA...cceveeeeeierieniesiesreseee e 328
104 EUIOPE....coiiiiieeeiteeee ettt sresneene 337
10.5 NOMh AMENiCa.....cceieieeirieere e 350
ANNEXURES ... 357
Al Waste Generation and Management Data by Country .....357
A2  Waste-to-Energy Facilitiesin USA ..., 363
A3  Waste-to-Energy Plants Operating in India...................... 370



(xix) Contents
A4 Composting Plantsin India..........cccceoerininencneneneeene 377
A5  Waste-to-Energy Statusin China.........cccoeceeveeneeneeninnn, 379
A6 International Agreement and Commnitments to
Environmentally Sound Management of Waste .............. 386
A7  Typesof Biogas Plants........c.ccocevereneineneneneneseeeee 389
A8  Zero-waste APProaCh.......cccceeveeieeieesiesiescieeseeseeeseeseeens 395
A9  Integrated Solid Waste Management..............ccceeeeivernenns 397
A10 Door to Door Refuse/Garbage Collection Systemin
Surat Municipal Corporation City —
A Project in Best PraCtiCe...........ooeiveieeienieninineseseeenn 402
All Centraised Co-digestion of Multiple Substrates: (CAD)
Example of DenMark .........c.coceveieeiiniencneneseseeeens 407
GIOSSANY ...t 413
RETEIENCES ..ot 423





