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APPENDIX H

PLANNING FRAMEWORKS FOR A BASIC PLAN

H.1 Goals and Targets

H.1.1 Goal

The goal of the Basic Plan is proposed as follows;

"DPevelopment and Realization of a Beautiful and Clean Living

Environment in Vientiane urban area towards the 21st Century through
Citizen's Participation and Establishment of 8Self-Sustainable Solid
Waste Management"

The following should be implemented to attain the above goal.

1}

2)

3)

Establishment of a self-sustainable so0lid waste management
systemn.

Provisien of a collection service in the whole Vientiane urban
area and establishment of a reliable collection system under

which regular services can be provided;

Construction of a sanitary landfill (Level 3) which -employs

~ sufficient measures for environmental protection.

4)

5)

6)

7)

Establishment of efficient road sweeping, drain cleansing and
grass cutting system through the public cooperation.

Establishment of Beneficiary-Pay-Principle under which service
recipients pay waste collection fee and tipping fee.

Estabiishmeﬁt' of proper legislation and regulations through the
modification and revision of the existing ones.

Establishment of proper roles of the organizations involved in
solid waste management.



8) Strengthenlng of the management and administration system.
8} Development of public participation and education programs.

10} Development of human resources involved in solid waste manage-
ment. ' '

11} Securing funds for the capital investment for the equipment and
facilityr necessary for the realization of the goal, specially
during the time of take off. '

H.1.2 Targets
In order to realize the goal, the following targets are set up.

1) Collection Service Coverage

The entire population in Vientiane urban area will be served by the
year 2000 and thereafter.

1991 1995 2000
- Population_(Person) 142,700 163,100 192,809
- Service Population (Person) 6,800 81,500 192,800
- Non-Service (%) 95.2 ' 50 0
Population (Person) 135,900 81,500 0
- Collection Amount (t/d) 13.9 68.3 148.2
Vientiane Municipality (6.1) {58.3) {138.2)

Private Contractors (7.8) {10) (10)

-2



2)

7)

Road Sweeping, Drain Cleansing and Grass Cutting

Road sweeping, drain cleansing and grass cutting to be carried out by
the Urban Service Department (present Cleansing Section of DCTC) of
Vientiane Munibipality'will be the same as the present coverage roads
in 2000; 15 km in road length.

on the other hand, cleansing activity through the public cooperation
will be established in whole Vientiane urban area by the year 2000.
Moreover, sprinkling by water truck to protect roads from dust will
be done whole road in Vientiane urban area by the year 2000.

1991 1995 2000

Cleansing Service by VM (km) 15 15 15
- Cleansing Activity through (No.of Ban} 0 48 96
Public Cooperation (50%)  (100%)
Length of Road for Sprinkling {km) _ 0 150 230
Yater (65%)  (100%)
Recycling

Recycling of food waste and reusable materials should be encouraged.
Expected amounts in the Study area are as follows:

1991 1995 2000

Amount o be recycled (t/d) 23.8 26.9 31.7
- food waste 21.8 24.9 29.4

- reusable materials 2.0 2.0 2.3




4)

5)

Role of residents - gsource separation: of recyclable reusable
materials '

Role of recycling agent - to collect reusable materials from'source
- to organize recycling agents' association

Role of the Municipality - to encourégé recycling activities for
residents and recycling agents

Final Disposal (Sanitary Landfill)

All the waste collected and hauled”direbtiy to disposal sites will be
disposed of in a sanitary landfill site from 1995 and thereafter.

1991 1995 20600

- Disposal Amount (t/d) 17.1 72.8 152.9
- Sanitary Landfill (t/d) 0 72.3 152.9
- Ratio (%) 0 100 100

- Level ' Open dumping Level 2 ~ Level 8

Strengthening of Organization

In order to achieve the goal, thc responsible organization for SWM in
Vientiane Municipality should be improved and the present Cleansing
Section should be replaced with the Urban Service Department (USD) by
1995, In addition, the organizational structure of the USD should be
strengthened.



1991 1995 2000

Responsible Organization Cleansing Section  USD Ush
Number of Personnel (Total) 67 197 366
- Administration T 28 48
- Research & Development 0 2 4
- Collection Services 27 81 187
~ Cleansing Services 21 39 45

- Disposal Site O & M 2 6 10

- Campaign & Enforcement 0

-0&Mof Equipment 2 . 10 16
8

- Night-Soil Management 27 50

6) Securing Financial Resources for SWM
Basically, SWM expenses shall be covered by waste collection fees
which will be collectéd from the beneficiaries as well as by tipping

fees collected from disposal service recipients.

Unit : million kips

1991 1995 2000

Fee collection _
- Basic fee i1.5 241 706
- Extra fee - 65 167
- Special fee - 23 _ 27
- Tipping fee 0.4 2 3
Budget f{rom VM 10.5 129 - 132

Total 22.4 451 1035

-5



H.2

1)

2)

3)

Approach to the Attainment of Goal and Targets

In order to achieve the goal of the Basic Plan proposed, establish-
ment of a self-sustainable solid waste management syStem is the Xey
issue. For the attaimment of the self-sustainable solid  waste
management, the establishment of a financial' base 1is the most
important.'The financial base can be established by the establishment
of the Beneficiary-Pay-Principle and by securing funds for the
capital investment. ' '

The followingé are the key issues for the realization of the goails
and targets;

Stepwise (Phased) Improvement

The Basic Plan goal cannot be attained in a short time. Therefore,
stepwise Improvement 1is a practical and wise approach for the
attainment of the Basic Plan goal. It has been proposed that the
Basic Plan period {from present to 2000) be divided into two Phases;
Phase 1 (1995-1997), Phase 2 (1998-2000).

Tmmediate Improvement Plan

Some of the improvement plans which do not require much initial
investment can be implemented even before the start of Phase 1. The
implementation of immediate improvement plans is extremely important
in the-sense that it would lay a foundation for smooth execution of
subsequent plans.

Pilot Projects

The execution of pilot projects will be required before the implemen-
tation of certain improvement plans.if their feasibility needs to be
proved beforehand. Examples of this type of plané include the
provieion of collection services in non-collection areas as a collec-
tion experiment and the execution of sanitary landfill operation at
the KM 18-DS.



H.3

H.3.1

Projection .of Future Population
Present Population

Presgent population and number of families in Vientiane urban area are
tabulated in Table H.3-1, based_qn the survey done by the Study Team
in cobperation with DCTC. The survey was carried out by means of
visiting evéry Bans (villages) in thé Study area in Cctober 1991. As
shown in the table, the present population and number of families in
Vientiane urban area in October 1991 are as follows; '

1) Present Population; 142,723 persons
2} Number of Families; 24,156 families



Table H.3-1 Present'Populatiqn and Number of Faﬁilies in Vientiane Urban Area (1)

: Population Raté of increase No.of Fanmilies
Zone Village 1985 ~ 1991 A1/°85 | Average(¥) - 1991
Total - - | 130,262 | 142,123 1,006 1.6 24,156
Zone A Sub Total | 60,750 | 10, 249 1,156 2.6 11,411
Phone Xai 12,200 18,1175 1. 080 1.3 2,181
1| Fai 1, 664 1, 103 ' 216
2 | Phone Xai - 2. 249 2,290 418
3 | Naxay : 2,035 2,189 ' 368
4 ! Nong Bone Tay : 2,626 |- 1,336 [ ' - . 221
(@ {Nong Boné Neua 11,119 . - 212
5 | Phonsa At 1, 311 1,549 : 173
6 | Nongsangtho 1,115 1,284 : - ' 236
7 | Saphang Mo 1,200 ‘1, 58% . : 247
Hal Mahosot = a 9,324 10, 206 1. 095 : 1.6 1,834
8 | Phia Wat - 924 1,060 ‘ : 190
9 | Khao Gnot 1,392 1,236 230
10 [ Simuong 1,659 (. 1,622 . 284.
11 | That Khao 1,264 1,245 : : 240
12 | Pha Pho 982 1, 1558 . ' 214
12 | Pha Xay 1,001 1,023 ' 1 176
14 | Bung Khangong Tay | 1,139 1,229 ' 221
15 [ Bung Khangong Neua 957 F 1,636 | . : 273
Sokpaluan 18, 093 20,208 1.258 - 4.3 . 3,178
16 | Phonsavanh Neua 2,185 1, 164 ' ' : . 308
@ | Phonsavanh Tay - 811 ' 134
17 | Saphane Thong Neua 3, 356 1,677 ' 268
18 | Saphane Thong Tay 1,255 1,673 282
@ | Saphane Thong Kang : 1,076 165
@ | Thong Saphane Thong 2,056 - 361
19 | Sokpaluang 185 §29 133
20 | Phone Papao Tha 2,113 1,51 _ - 218
® | Phone Papac Thong 1, 913 208
21 1 Wat Nak 2,213 2, 203 : 345
22 | Thaphane Xay 1, 761 2,013 254
23 | Thong_Kang 1,672 1, 761 291
24 | Phanh Manh 793 795 147
That Luang 13,677 14, 4217 1. 055 0.9 2,401
25 | Phone Kheng Tay 2,638 1,453 243
® | Phone Kheng Neua 945 . 159
26 | That Luang Neua 1,833 i, 884 - 295
27 | That Luang Kang 1, 804 1,955 318§
28 { That Luang Tay 2,468 1, 565 ' 252
29 [ Hong Ke 1,802 2,306 412
30 | Sisangvone 1,418 1, 571 256
. 31 | Phone Thanh Neua 1, 716 1,623 291
(D | Phone Thanh Tay 1,119 183
Souane Mone 9,456 12,233 i.294 | = 4.9 1] : 1,834
- 32 [ Wat Sob 511 600 113
33 | Pho Xay 674 647 : 105
34 [ Souane Mone 9517 1, 040 ' 187
35 | Haysok - 805 914 170
36 | Chomcheng 775 806 - 139
37 | Khok Ninh 676 - 594 ' 110
38 | Saysathane 820 853 143
39 | Phone Savang 356 785 { - . ' 142
40 | Done Pamay ' 312 2,198 91
41 1 Sang Veuy 458 670 : 112
42 | Chomphet Neua 1,191 1, 415 242
43 | Chomphet Tay 1,348 1,713 - 280
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Table H.3-1 Present Population and Number of Families in Vientiane Urban Area (2)

: Population Rate of increase No.of Families
Zone Village 1985 1991 "91/°8% | Average(%) 1991

Zone B Sub Total 80,152 61,998 1.031 0.5 10, 960
Dong Palane 7,088 6,615 0,942 _~1.0 i, 221
' 44 | Nong Chanh 2,588 2,053 184
45 | Dong Palane Tha 1,356 1,393 257

45 | Dong Palane Thong 1,270 1,303 239

47 | Phonsinpuane 1,874 1,926 - 341

Pasak 26,838 28,607 1. 066 1.1 5,001
48 | Hatsady Neua 2,384 1,067 = 186
RHatsady Tay : 1, 258 251

49 | Saylonm 1, 014 1,187 214

50 | Thon Khan kham Neua 2,964 1, 445 259

@ | Thon Khan kham Tay 1,419 263

51 [ Sisavath Tay 4,210 1,922 358

@ j Sisavath Neua : 1,008 174

.| Sisavath Kang : 1, 387 278

521 Sidamdouane 1, 433 - 1,188 291

53 [ Sibounheuan 1,513 1,950 34

54.| bong Mieng 1,862 2,181 382

55 | Thong Sangnang 1,602 2,028 138

56 | Hong khay Keo 441 678 116

57 | Savang 1,524 1, 734 315

58 | Thong Toum 1,704 1, 769 252

5% { Khoua lLuang Neua 2,200 2,034 3176

50 1 Khoua Luang Tay 2,102 2,174 21

51 | Sihom 1,875 1, 531 284
Waitay 26, 226 26,716 1.019 0.3 4, 648
62 [ Sithan Neua 2,413 1, 381 215

63 | Khounta Tha 1,826 i, 168 234

@ | Khounta Thong 146 146

64 | Na Kham . 1, 797 1,898 324

65 | Nong Douang Neua 1,201 1,399 231

§6 { Nong Douang Tay 2,493 1,373 251

@ | Nong Douang Thong 1,136 201

67 { Oup Moung 905 1,089 184

63 | Nong Panay 1,080 1,141 213

69 | Nattay Noy 2, 566 1, 281 231

T0 | Wattay Yai 1,722 2,690 504

71 | Akad 1, 388 1,623 313

72 | Muong Va Tha 805 912 154

73 | Muong Va Thong 1, 601 1,662 211

74 | Sikhay Tha 1, 463 1, 543 255

75 | Sikhay Thong 1,838 2,137 365

76 | Gnapha _ 1,121 1,301 216

71 | Sibounheuang 1,959 2,224 280

Zone C Sub Total 9, 360 10, 476 1.119 2.0 1,78%
Namphou . : : 0360 10,476 1.119 2.0 1. 785
78 { Xieng Nhune Thong 3,428 1,950 334
~ @ |Xieng Nhtine Tha 1,834 405

19 | Mixay = 1,488 1,465 136

9 t Hay Sok 1,834 405

80 | ¥at Chanh Tha 2,814 1,946 225

81 | ¥at Chanh Thong 1, 630 1, 441 280

Note: @ The villages numbered from M~@ are not included in the UNDP
Master Plan for Urban Development in Yientiane.
@ Name and area of the zone corresponds with the UNDP Master Plan.
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H.3.2 Population Projection
The 'futuré _populafion by the year 2000 is projected baéed on the
annual growth rate (3.4%) given by the DPF, VM (Department of

Planning and Finance, Vientiane Municipality).:

It is tabulated in Table H.3-2.
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Table W, 3-2 Future Population in Vientiane Urban Area (1)

Population

Zone Yillage 1991 1995 2000
Total 142,723 163, 145 192,832
Zone A Sub Total 70, 249 80, 301 94,913
Phone Xai 13,115 15,060 11,801
1 { Fai 1,103 1,947 2, 301
2 | Phone Xai 2,290 2,618 3,094
3 [ Naxay 2,189 2,502 2,958
4 | Nong Bone Tay 1, 336 1,527 1, 805
@ [ Nong Bone Neua 1, 119 1,348 1,593
5 | Phonsa At 1,599 1,828 2,160
6 | Nongsangtho 1,294 1,47% 1, 748
7 | Saphang Mo 1, 58) 1,812 2,141
Hal Mahosot- 10,206 11, 666 13, 789
$ 1 Phia Wat 1,060 1,212 1,432
9 | Khao Gnot 1,236 1,413 | 1,670
10 | Sinuong 1,622 -1, 854 2,191
11 | That Khao 1, 245" 1,423 1,682
12 [ Pha Pho 1,155 1,320 1, 561
13| Pha Xay 1,023 1,169 1,382
14 | Bung Khangong Tay 1,229 1,405 1,660
15| Bung Khangong Neua 1,636 1,870 2,210
Sokpaluan ' : . 20, 208 23.100 27,303
16 | Phonsavanh Neua 1,764 2,016 2,383
@ | Phonsavanh Tay 811 1,002 1, 18%
17 | Saphane Thong. Neua 1,677 1,817 2,266
18 | Saphane Thong. Tay 1,673 1,912 2,260
® | Saphane Thong Kang 1,078 1,230 1,454
@ | Thong Saphane Thong 2,058 2,350 2,118
19 | Sokpaluang §29 948 1,126
20 | Phone Papao Tha 1,511 1, 796 2,123
®. | Phone Papao Thong 1,913 2.187 2,585
21 | Wat Nak - 2,203 2,518 2,976
22 | Thaphane Xay 2,013 2. 301 2,720
23 | Thong Kang - 1,761 2,013 2,319
24 | Phanh Manh 795 908 1,074
That Luang . o 14,4217 16,491 19, 492
-25 | Phone Kheng Tay 1,453 1,561 1, 963
® | Phone Kheng Neua 945 1,080 1,211
2% | That Luang Neua 1,584 2,154 2,545
27T | That Luang Kang 1,955 2,235 2,641
28 | That Luang ‘Tay 1,565 1,189 2,114
29 | Hong Ke 2, 306 2,636 3,116
30 | Sisangvone 1, 571 1,808 2,131
31 { Phong Thanh Neua 1,623 1, 855 2,183
(@ | Phone Thanh Tay 1,119 1,219 1,512
Souane Mone : 12, 233 13, 883 16, 528
: 32 | Wat. :Sob 600 686 81t
33 | Pho- Xay 647 140 874
34 |:Souane Mone 1, 040 1,189 1{405
35 1 Haysok 914 1,04% 1,235
36 | Chomcheng 806 R 1A 1,089
37 | Khok Ninh 594_ 678 803 |
38 | Saysathane ..8538 - 875 1,152
3% | Phone Savang 185 33817 1,061
40 | Dong- Pamay . 2,196 2,510 2,987
41 | Sang Veuy 670 166 905
42 | Chonphet Neua 1, 41% 1,617 1, 812
43 | Chomphet Tay 1,713 1, 858 2,314

il
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Table Ii. 8-2 Future Population in'Vigntiané~Urban Area (2)

o - Population

_ Zone Villaze 1991. -1 - 1995 . 2000
Zone B Sub Total 61,998 1 - 70,870 83, 765
Dong Palane ' E 6,675 7.630 1 " 9 019
44 | Nong Chanh ' 2,083 2,341 2. T4
- 45 | Dong Palane Tha 1,893 1 1,892 | 1,882
46 | Dong Palane Thong 1,303 1,489 1,760
- .47 | Phonsinpuane 1,926 9902 | 2,502
Pasak - : . ' 28,607 | 32701 38,651
48 | Hatsady Neua ' 1,057 1,208 1,428
® | Hatsady Tay 1, 288 1,472 1, 140
49 | Saylon L 1,197 1, 368 1,617
50 | Thon Khan kham Neua 1,445 | . 1,652 1, 952
@ | Thon. Khan kham Tay. 1,419 1,622 1,917
51 | Sisavath Tay _ 1,922 2,191 2,597
(D | Sisavath Neua 1,008 1,150 1, 359
(D |Sisavath Kang . - 1, 381 1, 585 1,874
52 | Sidamdouane : 1, 786 ' 2,042 2,413
53 | Sibounheuan 1, 950 2,229 2, 635
54 { Dong Mieng L 2,191 2,505 2,950
55.{ Thong Sangnang 2,028 2,318 2,740
56 | long khay Keo 678 - 115 916
5T | Savang . : 1,734 1,982 12,343
58 | Thong Toum 1,769 - 2,022 2,390
59 | Khoua Luang Neua 2,034 . 2,325 - 2,748
60 | Khoua Luang Tay 2,178 2401 |- 2,944
61 ¢ Sihom 1, 537 -1, 181 2,011
¥attay 26,118 30,539 36,096
62 i Sithan Neua 1,387 1,585 1,874
63 | Khounta Tha 1,168 1,335 1,578
(@ [Khounta Thong 146 853 1, 008
64 | Na Khan 1,898 |- 2,170 2,564
65 | Nong Douang Neua 1,399 ~ 1,599 1,850
66 | Nong Dovang Tay 1,378 | 1,569 1,855
@ [ Nong Douang Thong 1,136 - 1,299 1,535
" 671 Oup Moung 1,089 | 1,245 1.411
§8 | Nong Panay . 1,147 | 1,811 1,550
§9 | Wattay Noy 1,281 1, 464 - 1,13
70 | Wattay Yai 2,690 3,078 3,634
Ti [ Akad : 1,623 | 1, 855 2,193
72 | Muong _Va Tha 912 | 1,043 1,232
73 | Muong Va Thong 1,662 [ . :-1,900 7 - 2 246
74 | Sikhay Tha 1,543 1,764 2,085
75 [ Sikhay Thong _ 2,131 2,443 2,881
76 | Gnapha _ 1,301 1, 487 1, 758
71 | Sibounheuang 2,224 -2, 542 3,005
Zone G Sub Total 10,476 11,975 14,154
Namphou 10, 476 11,975 14, 154
: " 78 { Xieng Nhune Thong 1, 950 2,229 2,635
@ | Xieng Nhune Tha 1,834 2,096 2,418
79 | Mixay - 1, 465 1,675 | 1,979
@® {Hay Sok 1,834 2,086 2[478
80 { Wat Chanh Tha 1, 946 2.224 - 2,629
81 {Wat Chanh Thong 1,447 1,654 1,955

Note: @O The villages numbered from D~@ are not included in the UNDP
: Master Plan for Urban Development in Vientiane.
@ Name and area of the zone corresponds with the UNDP Master Plan.
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H.4 Estimation of Future Solid Waste Amount and Composition
H.4.1 Solid Waste Amount

Future solid waste amount by the year 2000 is estimated and tabulated
in Table ii.4-1. At the same time, the future waste stream in the year
2000 is estimated and shown in Fig. 1.4-1.

The following is the conditions of the estimations;

a. The entire population in Vientiane urban area will be served by
the year 2000. '

b. Collection service ratio in the commercial area will be 60% by
the year 1995. The service ratio for the residential area in
1995 will be 50% in order to realize the above-mentioned target
by the year.2000: i.e. the service ratio #ill increase 1linearly
up to 2000.

¢. Generation amount of each generation source will increase
according to the ratio of the population growth ; i.e. 3.4% per
annum. Generation ratio of road sweeping wastes, however, will
not change because service length of the road will be the same
as 1t is in 1991. )

d. Recycling amount of both food waste and reusable materials will
also increase in accordance with the ratio of population growth.

e. The ratio of self-disposal in the residential area in the year
2000 will be the same as it is in the present collection area.
As such the amount of self-disposal will increase with the ratio
of 3.4%.

H-13



Table H.4~1 Future Solid Waste Amount

Items Unit 1991 1995 2000
Populétion _ person 142,723. .153.146 192.832'
Collection Service Ratio in % 1.8 50 100
Residential Area
Collection Service Ratio in % 22.3 60 160
Commercial A;ea
Generation Wasfe'Améunt ton/day 140.8 160.8 190.1

Total Recyeling Amount ton/day 23.8 26. 9 31,7
—_Food'Waéte .ton/day (21.8) (é4;9)_ (29. 1)

~ Reusable Materials ton/day (2.0) (2.0) (2.3
Self-disposal Waste Amount ton/day 39. 8 61.7 5.2
Collection Waste Amount ton/day 13.9 68.3 148.2
Disposal Waste Amount ton/day 17.1 12.3 152. %
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Fig.H.4-1 Future Waste Stream in The Study Area(2000) (Unit: Ton/Day)
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H.4.2 Solid Waste Composition

1)

The future waste composition will not change much by the year 2000..
These changes are negligible based on the reasons described below.

Houseﬁold Area
Land use in 1988 and 2000 is tabulated in Table H.4-2, according to
the UNDP MN/P (Master Plan for Urban Development in Vientiane

conducted by UNDP}.

Table H.4-2 Land Use in 1988 and 2000

! Area
Classification : .

' 1988. ' 2000
Residential Area ' 1,240 ha ' 1,703 ha
Public Commercial Area ! 820 ha : 594 ha
Industrial Area } 25 ha : 36 ha
Water -Area ! 65 ha 1 89 ha
Green Area - 697 ha ! 272 ha
Others ! 88 ha ! 241 ha

Total i 2,935 ha | 2,935 ha

Source ; ITSTP, MCTPC

From the table, it is deduced that the household area will not change
as shown in Table H.4-3.
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Table H.4~3 Household Area in 1988 and. 2000

Ttems Uit ! 1988 : 2000 °
a. Residéntial Area ! ha | 1,240 :. 1,703
b, Population ' | ! per. | #142,723 ! | 192,832
‘c. Number of Families 1 hou. .} . ‘*24.156 . 52.683
d. Household Area ' e | 513 : | 521

Note: = The figure is in 1991,
#+ The figure is estimated by the average number of family
members in 1991,

Consequently, the following conclusions are déduced_from'the above;

a. Area per household -is big enough to generate a lot of garden
waste, and this situation will not change by the year 2000,

b. The generation ratio of garden wastes in resideﬁtial areas will
not change by the year 2000, '

2) Recycling of Food Waste

At present, domestic animals are important sources of income for each
household, and food waste generated in residential areas is . commonly
used as animal feed. In addition, food waéte collected from shops is
important feed for the livestock of the farmers and is normally given
for free. Furthermore, the demand for domestic animals’ meat wiil
increase by 2000,

ConseQuently. as long as the economic structure in the Study areé

will not change drastically, it is estimated that the recycling ratio
of food waste will not change.

- 17



3} Future Study Reeds

In the Study, it is concluded that the future waste composition will
not change much by the year 2000. The changes that may occur are
considered as hegligible. Changes are expected though after the year
2000 due to the following changes in the Study area,

i. fapid population increase;

ii. change from the sparse land use to the dense land use;

iii. from independent houses to aggregated houses;

iv. increase in income;

V. rapid urbanization extending to the surroundings of the Study
area;

vi. improvement of the standard of living and change in the 1life
style; and

~vii. expansion of the industrial activities.

Consequently, the waste composition will change as follows,

i. The ratio of paper, plastics and incombustible waste will
increase;
" ii. The ratio of wood/bamboo and others will decrease; and
iii. The recycling ratio of the food waste may decrease due to the
ilack of space for livestock near the Study area. Accordingly,
the ratio of garbage will increase.

Conclusively, Vientiane Municipality is requested to carry out the
following studies;

i. periodical WACS (Waste Amount and Composition Analysis) every

several years; and
ii. reviewal of the Basic Plan before the year 2000.
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APPENDIX I SELECTION OF AN OPTIMUM ALTERNATIVE FOR TECHNICAL SYSTEM

I.1 Examination.of System Components
I.1.1 Selection Method of an Obtimum Alternative
1) System Components in SWM
a. Technical system
The SWM'.(Solid Wasfe Management) system consists of a following
technical system and an institutional system. The technical system

consists of the followiﬁg sub-systems;

discharge and storage

collection and haulage (transportation)

roads sweeping, drain cleansing and grass cutting

processing and recycling

final disposal

Technical system consists of various sub-systems such as discharge/

storage, collection/haulage, processing/recycling, final disposal,

etc.. Some sub—systéms are always necessary, while the necessity

of the others such as processing depends on local conditions such -
as Tinancial, geographical and waste conditions.

It is necessary fto examiné whether or not certain sub-systems are
required, and if required, their types, methods, and facilities,
too. The following table explains upto what extent each technical
sub-system was examined.



Table I.1-1 Scope of Examination

Sub-systems Scope of Fxamination

- Discharge and Storage ¢
- Collection and Haulage ¢
- Transfer B
- Processing

. Incineration A

. Composting A

. Shrédding A

. Sorting A
- Final Disposal C

Note;

A: Examination was made as to:
~ whether or not the sub-system is necessary

B: Examination was made as to:
- whether or not the sub-system is necessary
- types, methods. and facilities

C: Examination was made as to types, methods and facilities as
the sub-system is’absolutely necessary.

b. Institutional system

In addition to the above-mentioned technical sub-systems, SWM
systein contains the following institutional sub-systenms:

organization and management

legislation and enforcement

finance (revenue source)

public cooperation



2) Possible Sub-system Alternatives
Each sub-system haé the following possible sub-system alternatives:
a. Discharge and storage
i. solid waste separation

- mixed discharge
- separate discharge

ii. refuse bins
- plastic bins
- plastic bags
- drums
- concrete bins
.- bamboo baskets
- communal containers (hauled or stationary)
-~ pthers
iii. discharge and storage points
iv. discharge frequency
b. Collection and haulage
i. collection frequency
ii. mixed or separate collection
iii. collection points
- door to door backyvard collection

- curb collection
- bell collection



- gtation collection
- communal container collection

iv. working time

- daytime collection
- night collection

v. collection equipment

vi. haulage method

hydraulic system
- pneumatic system
motor vehicles

- boats
- railway

vii. introduction of transfer stations

- Lype
- capacity

viii. sites for transfer stations
. Road sweeping, drain cleansing and grass cutting |
i. . cleansing frequency

ii. cleansing service area or length
iii. cleansing method

~ manual
-~ mechanized

iv. cleansing equipment



v. working time
d. Processing and recycling
i. possible processing method
- composting
- RDF (Réfuse Derived Fuel)
- pyrolysis gasification
- slagging pyrolysis
- incineration
-~ crushing and shredding
- mechanical or manual sorting
ii. facilities sites

1ii. recycling

- manual (recycler/or scavenger at dump sites)
- mechanized

e. Final disposal
i. disposal sites
ii. disposal methods
~ open dumping
- controlled tipping
- sanitary landfill
iii. landfill structure
- anaerobic landfill

- anaerobic sanitary landfill
" - improved anaerobic sanitary landfill



- semi-aerobic sanitary landfi1l
- gaerobic sanitary landfill

iv. recovery of methane gas
f. Organizqtion and management
i. assignment of respoﬁsibility in SWM
- DCTC, VM
~ DPH, VM
- establishment of a new organization
ii. manpower and training
iii. scope and content of privétization
iv. research and development of technoclogy
g. Legislation and enforcement
i. establishment and/or revision of laws and regulation
ii. enforcement measure
h. Finanpe (revenue source)
i. revenue source
- 1oan-and/or grant source
- assessment ratio

- service fee

ii. rate of collection and disposal fees and tax ratio



i. Public cooperation
i. measure to obtain resident's cooperation
~ii. reséonsible bodies
3} Selection Method of an Optimum Alternative

An alternative fo- the SWM system- is a combination of various
technical sub-systems such as a discharge and storage system, a
collection and haulage system, a road sweeping, drain cleansing and
grass cutting system, a processing system and a final disposal
system. Many alternatives can be made by the combinations of possible
sub—systems,'as mentioned above.

If all combinations of the above sub-systems were Lo be studied, the
total number of combinations would be equal to hundreds of individual
SWM systems. Therefore, it can be deduced that a Basic Plan study is
the screening work concerning various alternative systenm.

The creation of a cost-effective S5WM system is a main issue in the
generation of alternatives because SWi cost is place a big financial
burden. “

Consequently, the following method was applied in the Study for the
selection of an optimum alternative for the Basic Plan.

.a. 8election of an optimum technical system
i. examination of technical sub-systems

Possible sub-system alternatives for each technical sub- .
- gysten were'examined and optimum sub-system were selected.

For.example, as for the refusé bing, after the comparison of

alternatives such as plastic bins, pamboo baskets, etc.,
~ optimum bin was selected.



ii. examination of combinations of technicai sub-systems

A compariéon study on technical_system was carried out by
combining each technical sub-~system. The study was carried
out regarding the following 3 cases;

Case 1: Final disposal site is at Kn 18-DS

Case 2: Final disposal site is at DCDS .
(Dongphesi Candidate Disposal site)

Case 3: Final disposal site is at NCDS .
(Noensaard Candidate Disposal Site)

iii. selection of an optimum technical system

Upon ‘consideration - of the results of the above-mentioned
three alternative studies, an optimum: technical system was
selected by evaluating the following aspects;

a; technical points of view;
b; economic and financial points of view;
¢; transactional facilitation points of view; and

d; environmental points of view.
b. Selection of the optimum institutional systen

After the selection of the optimum technical system, a study was
also made to generate alternatives for the organization, institu-
tion and finance which would be suitablie to the selected technical
system. After the comparative study on the. above-mentioned

alternatives, an optimum SWM system was finally selected.
1.1.2 Discharge and Storage

The waste discharge and storage system is mainly composed of the
following items;



N

solid waste separation

.refuse bins

!

discharge and storage points

discharge frequency
Solid Waste Separation

The waste discharge method is divided into two categories: mixed
discharge and separated discharge.

The source Separation at the residential and commercial areas is well
established and orgaﬁized. Therefore, the present source separation
system at ‘the residential and the commercial areas should be
encouraged in the futufe.

Almost all iInstitutional wastes are discharged in a mixed manmer,
except that they are partly collected as reusable materials for

recycling.

In the future, refuse bins for institutional wastes shall be properly
adopted and the existing mixed discharge will be continued. However,
the infectious wastes generated in hospitals should .be discharged
separately as soon as possible since they are already segregated at
fhe generation sources. Plastic bags are to be used as containers

when sorting out infectious waste from others.

Type of Refuse Bins

Under the existing condition, bambco baskets are mainly used as
refuse bins by the collection service in both residential and
compercial areas. Though the number is very limited, there are also

plastic baskets and metal baskets.

The refuse bins generally used in the study area are compared in

‘Table T.1-2.



Table 1.1-2 Comparison of Refuse Bins

Type of Refuse Bins Capacity | Price Couvenience | Collection | Sanitary
() (Kip) for Resident ¥ork Aspect
: 120 18, 500
with lid 100 14, 500 @) A ®
80 10, 500
Plastic Basket
50 5,000
without 1id 35 4,500 O FAN O
25 3, 300
Plastic Bag 80 1, 300 O © ©
(18
pieces)
Metal Bucket 30 2,000 O A O
20 1,800
30 300
Bamboo Basket 70 400 (@) © O
: 120 500

Note: @ Excellent
(O Good
A Fair




a. Capacity

Judging from the result of the WACS, the amount of waste
discharged from a residence is about 22 liters per day (626 g x 6
persons/168). Consequently, the capacity of the refuse bin should
be about 154 liters, assuming that the discharge frequency is once
a week.

b. Price

A bamboo basket costs less than 500 kips.'It is extremely cheaper
than the other containers.

c. Convenience for residents
‘As” there are many garden waste generated by the residents,
including twigs and 80 on, it is very convenient to use bamboo
baskets as they are easy to handie.

d. Collection work

The present loading work of discharged waste is implemented as
follows;

- One. or two labourer(s) on a collection truck receive the waste
collected by a collector.

- The labourer(s) on the truck throw out the empty containers onto

the ground.

In consideration of the above, bamboo baskets or plastic bags are
convenient  as containers. Because the former is shock-proof and
the latter is disposable.



e. Sanitary aspect

A plastic basket with'lid is sanitarily favourable in terms of
prevention of offensive odor, refuse scattering, etc.

However.Athe:results of the WACS carried out in this Study showed
that percentage of houschold garbage is very low (around 17%), and
that only few flies and scavenging animals were seen around the
bamboo basket with waste.

- It can be concluded, therefore, that the use of bamboo baskets
does not cause unsanitary conditions.

The  problem  on the absence of 1ids was dealt with, and
cbnsequently, it was decided'that, with the cooperation of the
‘residents, a corrugated paper or a plank should be used as a
substitute cover to prevent scattering.

Several élements described above lead to the concluSion that it is
most effective to use a bamboo basket, which is already broadly

used, as a refuse bin even in the future (the year 2000).
3} Discharge and Storage Points

Discharge and storage points will be determined. on the basis of the
future collection system. In the residential and commercial areas of
the Study area, curb or bell collection system is to be adopted in
relation to the fee collection system. Thus, discharge and ‘storage
points for domestic and commercial wastes will be designated at the
road sides.

On the other hand, institutional waste is to be collected under the
collection system with the use of containers., The container shall be
placed within the premises and the waste will be discharged in it.



4)

I.1.3

D

Discharge Frequency

Faste should be disbharged on days designated as collection days in
residential and commerclal areas. Hence discharge frequency shall be
equal to collection frequency.

Collection and Haulapge

The collection and haulage system is mainly composed of the following

items:

collection frequency

- mixed:or'séparate collection
- collection system

- collection time

- collection vehicle

- haulage method

- transfer system

Collection Frequency

" The current coverage ratio of the collection services is 4.8% in the

residential area and only 22.3% in the commercial area. Therefore,
the primary objective is not to increase collection frequency but to
extend the coverage of the collection services. In view of the
foregoing, the collection frequency in the residential area and the
commercial area shall be once & week, as a rule, with the exception
of some parts in the commercial area where a twice a week collection
shall be made.

On the other hand, institutional wastes shall be collected everyday,
as a rule. However, the collection frequency in every market, office
and hosbital will be determined according to scale. This is
calculated_based on the number of days in which a container (5 m3) is
filled with waste.



2) Mixed or Separate Collection

‘Mixed collection shall -be made on the waste discharged from the
residential area, ‘commercial area, markets and offices. Waéte
generated from. hospitals, however, - shall be separated because
infectious wastes will be disposed separately from other wastes at
the disposal site. ' :

3) Collection Service
a. Type of collection service

The most common types of residential services used - for Jlow-rise
detached dwellings are common in the Study area include;

i. curb collection;

ii. alley collection;

iii. setout-setback collection;
iv. setout collection;

v. backyvard collection; and
vi. bell collection.

The characteristics of these collection services are compared in
Table 1.1-3.

i. curb collection
.The homeowner is responsible for placing the containers at the
curb to be on collection day and for returning the empty
containers to their storage location until the next collection.
ii. alley collection
¥here alleys are part of the basic layout of a city or a given

residential  area, alley storage of containers used for solid
wastes is common,
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Table I.1-3 Cornpariso_n of Residential Collection Services

Type of Service

Consideratfons

Door to Door Collection

Setout- Bell
Curb Alley Setback Setout Backyard Collection
1. Requires homeowner
. cooperation:
To carry full containers Yes. Optional No No No Yes
To carry enpty containers Yes Optional No Yos -~ : No Yes
2. Requires scheduled service
for homeowner cooperation Yes No No Yes No Yes
3. Poor aesthetically:
Spillage and litter
Problem High- High ~ Low Righ Low Low
Containers visible . Yes No No Yes No Lo¥
4. Attractive to scavengers Yes Highest - No Yo Yo No
5. Prone to upsets Yes Yes No Yes hi] o
§. Average numbers of persons
in erex réquired for 1to3d 1 to3d 3to 7 1tobh 3 to$ 1to3d
efficiency persons persons Persons  persons persons persons
7. Crev Lime Low Low Great Medium Meditm Low
8. Collector injury rate due ]
to lifting and carrying Low Low High Mediunm Righ Low
9. Trespassing complaints Low Lovw High High High Low
10. Special considerations Requires alleys and Requires wheeled caddy to
- vehicles that can roll filled bafrels or the
manesver in thenm, use of burlap carry cloth
less prone to block or hand-carry bin, works
traffic; high vehicle best with driveway
and container depre-
3 ciation rate ]
1i.Cost-&ue to crew size and Low cost Low cost High cost Medium c0§t Medium coél Low cost

time requirements
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111.setout-setback collection

Containers are set but from the homeowner's property and set
back after being emptied by additional crews that work in
conjunction with the collection crew responsible for loading
‘the collection vehicle.

Iv. setout collection

Setout collection is essentially the same as setout-setback
collection, except that the homeowner 1is responsible for
returning the containers to their storage location.

v. Dbackyard collection

The collection crew enters the homeowner's property and removes
the wastes from their storage location.

vi. bell collection

The collector calls out to the residents for discharge of their
waste when a collection vehicle arrives at a certain collection

point.
b. Selection of collection service

In fhe Study area, as effective collection work is required in
spite  of 1little equipment and 1imited number -of workers, the
cooperation of people 1living arcund the collectidn poihts will
be indispensable. Therefore, curb collection should be adopted for
the residences along the collection route and bell collection
should be selected for other residences.



4) Collection Time
Under the existing condition, it is not observed that traffic
congestion prevents the labourers from collection work in Vientiane,
day time collection shall be adopted.

5} Collection Vehicles

a. Type of waste collection vehicles

The 3 types of vehicles for waste collection services are as shown
below (see Fig. I.1-1).

- dump truck type;
- compactor truck type; and
- detachable contaimer truck type.

b. Comparison of waste collection vehicles by type

The three types of waste collection vehicles are compared in Table
1.1-4 in terms of their advantages and disadvantages.

c. Selection of suitable waste collection vehicles
Based on the comparison in Table I.i-4, the dump truck type and
detachable container truck type are recommended for the Project
because:

- It is economical in terms of volume of waste loaded.

-~ It is capable of collecting all types of waste and thus can be
used for a wide range of services.

- It is compatible with the type of vehicles currently used by the
present collection system.



Waste Collection Vehicles

Dump Truck Type

Open Type

Compacter Truck Type

Detachable Container Truck Type

Lifting Systenm

Fig. 1.1-1 Type of Waste Collection Vehicles

Close Type | [ Front Loading Type. .Side'Loédfng Type Réa; Loading Type Slide on System
] =l TV
@ Eg P E“u—%—% .
& 3 e " i
R w @ » ﬂ&_ , I
)

KHire Ropé Type

Hydraulic Type
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Table 1.1-4 Comparison of Waste Collection Vchicles by Type

Advantage

Disadvaniage

Ease in maintenance

Ease in operation

~ Low waste loading factor

- High possibility of waste

(]
o : .
& - Fase in discharge _ scattering during transportation,
5 — Capable of collecting bulky waste if the open tipper is employed
=
& | - Cheapest ~ Possibility of being used for
o .
g — Compatible with present collection systen, “other purposes
[
and relatively simple in operation
- Multi-purpose
2
o | - Highest waste loading factor ~ Complicated maintenance procedure
'§ - No waste scattering during transportation |-~ Most expensive
& - Ease in discharge - Incapable of loading bulky
et
g waste
[ 5]
L
(=}
=
Q
L&)
o
E - Relatively easy maintenance -~ High purchase cost due to large
o
E @ | - Base in discharge number of containers required
& .
‘: i: - Container can be used as collection boyx - Wastes scattering possibility
E E% ~ Highest collection and haulage efficiency during transportation, if the open
R . )
E loading type is used
-
o]

- Difficult to load bulky wastes
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- The dump truck type shall be used_in'the collection area where

curb or bell collection services are used.

- The detachable container truck type shall be used for

inétitutional waste.

6) Transfer System

a. Means and methods of transport

The following is presently used as the principal means of

transportation for solid wastes;

- motor vehicles

it.

railroads
vessels

pneumatic and hydraulic systems

motor vehicles

The motor vehicle is the most commoﬁ means of transportation
for solid wastes in Vientiane and all over the world. Almost
every imaginable type of motdr vehicle 1is being used at
present.

railroads

Although railroads were commonly used in the past, they are
now used by only a few communities. However, renewed interést |
can be pbserved in the use of railroads for hauling solid
wastes, especially off to remote areas travélling in highways
is difficult, and due to the existence of railroad lines and
the availability of railroad-owned property or adjacent land
for filling.
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iii.

iv.

water

Barges, scows, and special boats are belng used to transport
solid wastes to seaside and ocean disposal sites.

One - of the major problems éncountered when vessels are used
for the’transport of solid waste is the frequent inability to
move the barges and boats during storms or heavy seas. This
shail requifc, therefore, the construction of a costly storage
facility for the storage of the wastes.

pﬁeumatic and hydraulic systems of fransport

Both low-pressure air and vacuum conduit transpert systems
have been'ﬁsed to transport solid wastes. The most commonly
used system is the transport of wastes from high density
apartments or commercial activities to a central location for
processing or for loading into transport vehicles.

From a design and operational standpoint, pneumatic systems
are more complex than hydraulic systems because of the complex
control valves and ancillary mechanisms that are required. The
necessity  to use blowers or high-speed turbines further
complicates the installation from a maintenance standpoint.
Because installation costs for such systems are quite high,
they are most cost-effective when used in new facilities.

The concept of using water to tramsport wastes is not new.
fiydraulic transport is now commonly used for the transport of
a portion of food wastes (where home grinders are used). One
of the major problems with this method is that ultimately the
water used for transporting the wastes must be treated. As a
result of solubilization, the organic strength of this waste
water 1s considerably greater than that of other domestic

wastewater.
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b. Need for Transfer Stations

Transfer and transport operétions become a necessity when haul
distances to available disposal sites or. processing plants
increase to the point that direct hauling is no lbnger
economically feasible. They also become a necessity when disposal
sites _bf pfocessing plants are in remote locations and cannot be
reached 'directly by highway. Transfer operations and the
introduction of transfer stations are necessary in the case that
the following is observed;

i. The location of disposal sites is relatively far from
collection routes (typically more than 15 km).

ii. The use of small-capacity collection trucks {generally under
-3
15 m).

iii. The widespread use of medium-sized ' containers for the
collection of wastes from commercial sources.

iv. The use of hydraulic or pneumatic collection systems.
¢. Necessity of Transfef system

In the Study area, the distance from the'collection area to the
disposal site is about 2¢ km. Therefore, it is dispensable to
adopt large scale transfer system.

The transfer system using containers is certainly one of the small

scale transfer systems. As a matter of fact,  however, in the

residential and the commercial area, it is Inconvenient to use

containers because the collection service is conducted under the

Beneficiary~Pay—Prineiple; the collection fee is collected from
~each premises.

On the other hand, as for institutional waste, the transfer'system
using contalners shall be adopted due te the following reasons:
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i, reduction of loading times

ii. sanitary control of heaping points

iii. ensuring against risks in loading work

I.1.4 Road Sweeping and Drain Cleansing and Grass Cutting
1) Road Sweeping
Road sweeping is normally conducted both by hand or machine.
Automatic road sweeping system is the collection of waste accumulated
at the _road éides_by_a sweeping vehicle. The use of this systen,
however, requires the road to be paved.
Although the main road Swept is paved in the Study area, the pavement
is not well, especially the road sides. In addition, the automatic
road sweeping system 1is expensive not only in terms of material

procurement -but also in terms of the operation and maintenance of the
machine for the system.
Therefore, it is considered to be carly to adopt an automatic road
sweeping system in the Study area, unless the length of paving road
will be extended and enough financial source is secured. Then,
existing manual sweeping system will be continually used at least
until the target year for the basic plan (the year of 2000).
The optimum road sweeping method in the study area is as follows.
a. Cleansing system

Manual sweeping by sweepers will be continued as rcad cleansing

system. Road sweeping waste will be collected and placed in
_ containers (5 m) to be set at proper locations by sweepers.
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The contaiher for road sweeping and grass cutting waste will bé
hauied by a detachable container truck.

b. Length of road to be swept

Currently, since main roads in the Study érea are covered by the
sweeping service, thé present road sweeping service is considered
adequate even in 2000 in terms of financial capability. As for
roads uncovered by the Service, the Municipality shall encourage
the residents to keep and clean-up the roads by themselves.

¢. Frequency of cleansing service

Basically, road'cleansing service will be done everyday except for
Sundays and holidays. ' :

d. Public cooperation

Although cleansing service for main roads will be done by the
Municipality, cleansing of the ~other roads will be done by
surrounding residents. Therefore, it will be necessary to set up a
rule stipulating the sweeping of the surrdunding roads of the

residents.
2) Drain Cleansing

Drain cleansing is not presently conducted in most parts of the study
area, except in some of schoels and offices which request the DCTC to
collect drain cleansing waste.
The optimum drain cleansing system in the Study area is as foilows,
a. Cleansing system

Drain 1is cleaned by each residence, school, office, ete..

Residence, school and office will request the Municipality to
collect the drain cleansing waste.



Drain cleanéing waste will be collected and hauled by using small
dump trucks and a wheel loader.

Cleansing of main drains along_the main roads to be covered by
.road sweeping service will be regularly served by the
Municipality.

b. Cleansing service area

Cleansing service area will be the entire Study area. The main
drains which ~are along the main roads covered by road sweeping
service will be especially done by the Municipality.

¢. Frequency of cleansing service

Frequency of cleansing services will be once every three months.
The collection service for the wasles of the drain cleaned by the
residents themselves will be done whenever requested except on
Sundays and holidays.

d. Public cooperation

Although the cleansing of the main drains will be conducted by the
Municipality, the cleansing of the other drains will be conducted
by the resident themselves. Therefore, it is necessary to set the

cleansing up of their surrounding drains as a rule.
3) Grass Cutting

Grass cutting work is presently conducted aloﬁg a total of 15 km of
main roads by'only using two handling -grass cutters which limits the
area to be cleaned. Therefore, a shoulder type grass cutter will be
introdhéed. The optimum grass cutting system in the Study area is ‘as
follows:



-a. Grass cutting system
Grass cutting system by using shoulder type grass cutter will be
adopted. Grass cutting waste will be collected and placed together
with ' the road sweeping waste in the containers to be set at the
road slde by the road sweeper.

b. Service area

Grass - cutting will be conducted on the road sides of the main
roads which will be covered by the road sweeping service.

¢. Frequency of service

Grass cutting will be conducted every two months.

I - 26



I.1.5 Processing and Recycling
1) Characteristics of Processing Methods
(1) Composting

Combined with recycling facility, composting system has been
considered as one of the cost-effective alternatives for the
refuse disposal. The folloWing is the description of various
methods of composting, and also their advantages and disadvantages.

a. Classification and description of typical compost plants

Composting planté have been divided into four general types: a.
high-rate composting, b. - batch area or bin type, c. batch
windrow type, and d. modified landfill employing in-place
composting.

i. high-rate composting type

High rate composting system consists of various equipment,
devices, etc., (with a unit operation) in order to perform
the function of composting treatment, regardless of its
method or size. This system has functions of feeding
principally sorted and collected solid wastes, shredding,
'sdrting-and adjusting wastes in the equipment, fermentation,
curing post-treatment then taking out refined ' compost and
residue continuously and smoothly according to fed wastes.

Composting operation must be kept at a constant cbndition 50
that oxygen amount, temperature, moisture, and C/N ratio,
etec, can be easily controlled and secondary pollution
-egpecially offensive odor can be prevented securely.
Compdsting system consists of the following equipment:
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Waste recelving/feeding equipment is composed of =~ the
measuring equipment to measure the wéight of _féd éolid
waste, carrying in/out ~passage through which - waste
collecting wvehicle goes in and 6ut the platform and

preparation stand, platform on which waste  collecting

vehicle feeds wastes into waste pit or receiving hopper,
feeding stand, waste pit which sfores wastes temporarily,
receiving hopper, and waste crane which transfers wastes
from pit to hopper.

Most of the wastes fed into this equipment have been sorted
and collected as a principle. Pre-treatment equipment
composting consists of bag breaking machine, shredding
"machine, screen, sorting machiné, adjusting machine, ete..
Thus treated wastes enter fermentation eqﬂipment in which
fermentation cbntrol is done properly, and they are sent to
curing equipment for complete fermentation. Then they go
through sorting equipment 'for'fine sorting and another
sorting equipment for the removal of impurities, and if
necessary, they are dried, granulated, conpressed, packed
and carried out.

Offensive odor generated from these treating facilities .is
deodorized by an appropriate method which has  been
environmentally  assessed. - Water supply and drainage
equipment supplies water from_water supply source to each
equipment, supplies water to buildings, and discharges water

contained in wastes into drainage equipment. Waste water

treatment equipment treats effluent _ discharged from
treatment facilities, and is.generally composed of various
treatment devices according  to  individual planning
condition.
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ii.

iii

iv.

batch area or bin type

A batch process has the inefficiency lag periods wherein
large populations of the light bacteria mnst be developed.
Although stirring is employed, there is no intermixing of
today's material placed in the digester with that from the
day before or the day before that. Lach employs some type of
aeration and each uses sorted and preshredded material.

.batch windrow type

Numerous plants were constructed throughout thé world during
this century, in which several typés of turners have been
desiéned to turn windrows or compost stacked over a wide
area. Probably the best known is the modified Athey gravel
loader. This has been successfully used for several years
and is capable of cutting through'a pile of refuse. Another
well tested machine is Gobey Rotor-Shredder which shreds
material as it turns it. It consists of 5 meter long, one -
diameter, rotating steel drum with teeth on it. It is
mounted on flotation type tires. This has a high capacity
and moves well along the length of a.windrow but cannct cut
through a pile of material. It is capable of handling most

raw refuse and gradually shreds it up.
modified 1andfill employing in-place composting

This process has been recommended as- the lowest cost
composting method yet available today. Essentially the
process calls for preshredding of refuse and placing it in a
sanitary landfill without cover. Composting may be conducted
by the use of forced air blown through pre-laid, low-cost,
four inéh corrugated polyethylene pipes. Preshredding can be
accomplished either centrally or with a rotor shredder on
site. The cost of the stabilized refuse is appfoximately the
same as or slightly more than a sanitary landfill, but there
are the advantages of; (1) no cover, (2) negligible water
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poilution, and (3) approximately one-third of the fill ' area
required due to digestion and greater_compaction. The end
product can be dug out and sold if'a market exists thus
making  room for more material. The filled area can be
reused, making the pile deeper with a second and a third
layer possible.

In each system, except for modified landfill ewploying in-place

composting basically most important are;

air supply and its conirol
temperature control
turning o

roisture control

seeding and reseeding

Value of organic matter, utilization and marketing

Organic  composts used as 1ow?gréde fertilizer or soil

conditioner have a real benefit to most soils but particularly

heavy clays or loose sand where its usage can increase crops by

several fold, whether chemical fertilizers are available or

not.

The need for organic matter in the soil can be summarized as

i.

follows:

improves physical character:

Organic matter markedly improve the physical character of
the soll, making it easier to cultivate. Organic matter
supports earth worms which in turn keep the soil porous.'
thus greatly increasing aeration. During heavy rains these
worm holes and porous soil textufe increase percolation

which reduces surface run-off and erosion.
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ii.

iii.

iv.

increases molsture holding capacity;

The organic matter is very absorptive of moisture and holds
it 1like a sponge. Thus, in periods of drought, a crop
planted in fields cohtaining large amounts of organic matter
will remain green and grow, whereas crops in soil without
organics may wither and die.

reduces leaching of chemicél fertilizer especially nitrogen
and phosphorous:

The presence of adequate organic matter reduces the amount
of chemical fertilizer required by as much as 40%. This is
largely due to the prevention of leaching. With the organic
matter present, the water does: not wash the chemical
fertilizer out of the soil as 1t does in barren soils.
Nitrogen added as a fertilizer is in a soluble state and can
be readily leached away from a barren sail; however, in the
presence of organic matter and biological activity, large
portion of this soluble nitrogen is converted into organic
nitrogen as micro-organism bodies. As these micro-organisms
die, the nitrogen again becomes available to the plant
roots. In the interim period, it is neither lost by leaching
nor by loss. to the atmosphere, in the form of ammonia. The
same phenomenon occurs with phospherous. About 95% of the
soluble phosphorous can, as shown by actual test, be
converted into organic bodies and living protoplasm, and
released slowly to the plant rather than being lost by

‘leaching.

healthy biological activity stimulates root growth:

Experiments by soil scientists indicate that the presence of
6rganic matter is a prerequisite to a healthy biological
activity of the soil, and the presence of a. healthy
biological activity in the soil is very stimulating to root
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growth. Roots have been shown to grow several times as fast
where organic watter is high, as compared with ordinary
barren soil.
c¢. Advantages and disadvantages
Composting system has several advantages and disadvantages.

~ Advantages are as follows:

i. As aforementioned, compost product by waste ‘are used as
organic-fertilizer and soil conditioner.

ii. A certain quaﬁtity of usable material can be recovered at
the pre-treatment stage.

iii.A certain quantity of reduced waste volume at landfill is
expected.

- Disadvantages are as follows:

i. The recovery rate of compost product will be 35% maximum
of total waste weight. Rejected materials have to be
hauled to the landfill site again. )

ii. Reduction of waste volume cah not "be considerably
expected compared with incineration or pyrolysis system.

iii.Quality of waste suitable for composting is very limited.
Thefefore in order to collect the above material for
compost, modifications of existing systems for collecting
and hauling may be required.
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iv. Efficiency of compost system 1s not enough, therefore:
- it takes a long time for fermentation.

~ wilde stock yard for fermentation and storaging the
compost product will be required.

v. Bulk density of compost product is very 1l1imited,
therefore compared with chemical fertilizer, this compost

have thg following inconveniences:
- high tfansportation cost.
- difficult to sprééding In plantation.
vi. Genération of offensive odor has to be avoided.
{(2) Refuse Derived Fﬁel (RDF) System
a. Present situation of RDF system

The production of refuse derived fuel can be done in several
ways. In some of the eariier systems raw refuse was first
shredded to a nominal partiecle size of about 4 inches. More
recent systems employ a rotary trommel before shredding. This
trommel allows for prior separation of heavy, larger matefials.
After shredding, ferrous metéls are separated magnetically for
recycling. The remainder is then separated into a lighter,
mostly combustible fraction and a heavier, mostly non-
combustible fraction using an air classifier. The lighter
fraction is.then further processed to produce the RDF through
secondary shredding and screening. The RDF that is produced can
be burned ‘as a coal or can be burned as a primary fuel in a
specially designed boiler.

1 - 33



-Today, RDF systems are mainly adopted in the United States and
Canada. But the extensive use of this technology elsewhere in
the world are not recommendable.

The-paper presented at the 5th Japan-United States Governmental
Conference on SWM (1982), describes 'the following:

Many RDF systems are new ahd in the shakedown stage. There are
only 4 fully_operational RDF systems in the U.S;A.'ahd Canada.
Three more are in shakedown operation and 10 additional are
under development., Of significance are 5 facilities that were
expected to come on line in the past two years but have been
closed due to technical or Cfinancial difficulties. This
demonstrates the developmental nature of this technology. While
many of.these systems will attempt to also recover glass, non-
ferrous metals and other products from- the non-combustible
fraction, the technology for doing this economically is stiil
unproven,

. Advantage and disadvantages
- Advantage is:

i. Combustibles in- municipal waste c¢an be converted to
substitute fuel which can be stored and is easy to
handle. '

- Disadvantages are:

i.. Waste which can be converted to RDF is very limited, and
their availability can be found only in waste with much
paper content.

ii. The market for RDF product will be limited due to the

necessity of a special burner which can burn hard solid
fuel such as coal.
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iii.Some technical difficulties such as causing explosions in
crusher, cloggings in storaging silo, ete., have to Dbe
solved.

(3) Pyrolysis Gasification
a. Situation of pyrolysis gasification system

Recently, considerable attention has been given to pyrolysis in
providing means of recycling municipal solid wastes. Pyrolysis
is a process for breaking down organic substances by applying
heat, in the range of 700-1,200°C, in the absence of oxygen or
at oxygen levels insufficient for total combustion. Under these
temperature and pressure conditions, organic materials break
'down to shorter chain ofganic compounds and in some cases are
reduced to charcoal, a carbon residue. Various modifications of
the basic process'are under development by different companies.
A - varlety of potentially useful products may be produced,
depending on refuse composition ~and operating condifions.
Master products ére charcoal, tar and pitch, light oil, organic
acids, ammonium sulfate and combustible gases.

Theoretically, pyrolytic operations lend themselves well to a
total recycling approach. Prior to the actual pyrolysis step,
waste materials must go through a number of preparatory
operations. Generally solld wastes are first shredded, glass
and metals are separated and these materials are sold where an
available market exists. Unusable residue, reduced to a small
percentage of the original total, is left for ultimate disposal
at a sanitary landfill.

b. Advantages and disadvantages

Inherent in any pyrolytic processing operations are certain
advantages and disadvantages. Among the advantages are:



i.. reduced land requirements for final disposal;
ii. reduction of solid wastes to a minimum volume:

iii.1ittle air or water pollution; and since little or no
oxygen is involved combustion products are not a factor of
poliution. '

iv. recyecling of solid wastes into potentiaily useful products.
Considering the effective energy saving, production of such
items as fuel oils, gas and steam are desirable and nceded.

Basic disadvantages are:
i. Large capital investment and high operation cost.

ii. The nature of oil-or gas obtained from the facility is
still in insufficient for commercial use, therefore the
market is limited to in-plant use only. For purifying the
oil or gas, high cost have to be consumed, therefore it is
not effective regarding their cost,

c. Notes

i. In Japan, first commercial pyrolysis gasification plant
which has 450 tons/day capacity had commenced in operation
in 1983. However, due to several accidents caused during
its operation, many revisions or improvement work were made
to this plant. Although the plant is still in operation, it
said that large scale basic improvement plan is_ now under
way by the unfavorable reasons, such as the lack of energy
recovery benefit, complexity, high waste treatment cost,
ete..

ii. The present situation on the pyrolysis technology in the

United States is shown in the Paper presented at the Japan-
USA Governmental SWM Conference (1982).
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And it is said that:

"Pyrolysis ‘of municipal waste to produce a marketable oil
or -gas product has not been proven feasible. The pilot
plants that were being developed for that purpose have been
closed."” ' '

(4) Slagging Pyrolysis
a. General

The slagging pyrolysis is a new refuse conversion process
charactérized as -high temperature slagging - pyrolysis.
Pyrolysis, commonly referred to as destructive distillation. is
an irreversible chemical change brought about by the action of
heat in an oxygen-deficient atmosphére. Pyrolysis of the
organic materials in refuse causes the volatile fraction to
distill.'fbrming COmbuétible liquids and vapors. The vapors are
composed primarily of methane, hydrogen, carbon -monoxide,
carbon dioxide, water and the more complex hydrocarbons and
such as ethane, propane, oils and tars. The exact compohents
and percent composition of the gases formed by pyrolysis of
municipal refuse cannot be predicted, in that in a real system,
the complex, multi-component fraction would be converied to
more stable gases such as ethylene, ete., through a continuing
pyrolysis action, and are a result of .complex time/temperature
kinetic reactions. The material remaining after pyrolysis is
char, a charcoal—like substance consisting primarily of fixed
carbon residue. In these system, the char is combusted in the
gasifier using preheated alr, thereby generating the
temperatures ‘required for pyrolysis and for melting of the
inert materials contained in refuse. '
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b.

Fig. 1.1-2

Pyroiysis and combustion processes

The principal components - of the system are the gasifier,
secondary  combustion - chamber,: primary - air preheéting
regenerative towers, energy recovery/converSibn systems, and
the gas cleanihg system. The pyrolysis and combustion parts of
the system are shown in Fig. 1.1-2, The refuse is charged as
received from the refuse pit, withoﬁt.priof preparation_ other
than shearing "bulky items to Japproximately one meter
dimensions, into the gasifier. The gasifier is'a vertical shaft
furnace designed so that the descending refuse burden and the
aScending high temperature gases become an effective countér—
current heat exchanger. The uppermost portion of the descending
refuse serves as a refuse plug to minimize the infiltration of
ambient air. As the refuse descends, three distinct changes in
the occur. The first is the drying where the moisture is driven
off: the second is the pyroleihg due to the heat transfer from
the ascending, hot gases to the refuse; and the fhird is
combustion im the hearth where the carbonaceous char is
oxidized to carbon monoxide and carbon dioxide, and mélting of
the inert fraction of the refuse.
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The heat for pyrolyzing and drying the refuse and for melting
the inert fracticn is produced by the combustion of the carbon
char with 1000°C preheated air supplied to the hearth zone of
the gasifier. The heat thus generated melts the inerts to form
a molten slag, which is drained continuously through a sealed
slag tap into a water quench tank to produce a black, ' sterile,
granulated residue. The quench tank 1S periodically purged into
the system slag pit from where the granulated material is

transported to suitable storage.

The volatile products of pyrolysis and products of primary
combustion exit from the gasifier via an offtake plenum, called
a 1antern,'and are drawn into the secondary combustion chamber
by the‘ system's JInduced draft fan. At the entrance to the
secondary combustion chamber, these gases are mixed with a
near—stoichiometric quantity of ambient air in a high energy

burner.

The secondary combustion chamber is a vertical, refractory-
lined vessel in which temperatures to 1400°C are realized, and
where sufficient residence time to assure complete burning is
maintained. The majority of the particulate matter entrained in
the offgas  from thergasifier is burned, or slagged out ‘into
another slag quench tank. The resulting'slag'residue is sluiced
into the “system slag pit. The now completely combusted and
partially cleaned gaseous mixture exits from the secondary
combustion chamber at 1150-1250°C.

. Air'preheating, energy recovery and gas cieaning

There are a number of possible methods for the preheating of
primary combustion air and for the recovery and utilization of
energy from the hot combustion products which issue from the
gecondary combustion chamber. An example of equipment system is
shown in Fig. I.1-3.
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Referring to Fig, 1.1-3, approximately 15% of the hot waste gas
from the secoﬁdary combustion chamber is directed through the
regenerative towers where its sensible heat is recovered and
used for preheating the process air supplied to the gasifier
“hearth. -These regenerative towers, successfully used for many
years in the steel Industry, are two refractory lined vessels
containing a high heat capacity refractory _cheékerﬁork
material. Hot products of combustion from the  secondary
combustion chamber and ambient process air are passed through
the towers on a cyclical basis for preheating the hot blast.
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The Jlarger, approximately 85%, portion of -the secondary
combustion chamber exiting flow is supplied to the energy
recovéry'system. a waste heat boiler. Typically, the waste heat
boiler is of the combination radiation/convection type. These
characteristics are high temperature inlet gases, from 1150°¢C
to 1250°C, constant temperature input, homogeneity of inlet
gases and absence of unburned materiél, low volumetric gas flow
and low particulate loading.

At the exit of the waste heat boiler, the cqoled waste gases
from the regenerative towers are combined with the exiting flow
from the waste heat boiler and are ducted to the gas cleaning

system.

The gas cleaning system is a hot gas electrostatic precipitator
of conventional design.

. Situation on techrnology

Since 1975 up to 1983, more than 10 of commercial plants of
slagging  pyrolysis have been built and were operating in
Europe, Japan and USA. These plants have been built based on
the know-hows for 4 years operation results obtained from the
demonstration plant developed in USA. However, some of the
plants in Europe have already been closed due to .technical and
economical broblems; that the plant consumes large amount of
additional fuel for melting inert material contained in wastes,
and has many difficulties in keeping a continuous operation
'thrdughout the year, etc..

In Jaban, four commercial plants have been built by different
three manufacturers and still are they are still operating,
however other new projects, similar to the above type of
slagging pyrolysis plant are have not followed after that. The
major reasons are the high cbnstruétion cost, large consumption
of additional fuel/energy and difficulty of operation, etc..
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e. Advantages and disadvantages

Advantages are;

i1.

iii.

Since waste volume reduction in this system is 95 to 97%,
it is considered to have the best reduction effect compared

_with any other treatment systems.

The fritted, glassy aggregate-obtained'from this plant is
completely sterile, therefore, the problems of leachate
from the landfill site for the residue of the plant is not
to be considered. '

Further efforts to develop a useful end-use are being
followed as to concrete aggregate, building blocks, road
way base and filter base.

The production of energy in the form of steam and/or
electrical power is available.

Disadvantages are:

i.

ii.

iit.

Large capital investment cost.

High operation cost. Inert materials contained in wastes
have to be melted into molten slag, therefore a - lérge
amount of additional fuel is required leading to high
operation costs.

Difficulty of "operation. It is rather difficult to keep

stabilized and continuous operation. In this system,
skillful operators are required.
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{5) Incineration

Incineration of municipal solid wastes is being practiced by nany
municipalities across Japan. For those installations currently in
existence, a general observation would indicate that incinerators
may be feaéible where land available for landfilling is scarce,
expensive or very remote from the actual solid waste generation
center.

a. Types of modern incinerators

A modern incinerator consists of a number of basic components.
Typical of these will include an unloading area, refuse feed
device, burning grate area, combustion chamber; air supply
system, residue quench and disposal system, flue-gas scrubber
and water treatment systems and stack. Selection and design of
these "basic components will be the deciding factor in
differentiating one incinerator from another. Performance of an
incinerator will also be very closely controlled by these
component parts.

Major _differences in typical modern incinerators are noted in
both 'refuse feed systems and grate designs. Feeding of refuse
‘may be accomplished by either batch or continuous mode. Batch
feed is accomplished by a crane or similar device with a given
quantity of refuse deposited to be burned at designated time
intervals. Batch feed of refuse has experienced a declining use
rate in recent years in favor of continuous feed methods.

Continuous feed, as the name implies relays refuse to the
incinerator 1in a constant stream. In most 'cases, continuous
feed is accomplished by a hopper and refractory lined or water
cooled gravity chute. The refuse in the chute acts as an air
seal and prevents sudden influxes of alr which may cool the
combustion process, thﬁs resulting in less efficient combustion

with higher rates of emission.
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Varions grate design$'are in use for refuse burning.. Each “of
these design functions to perform a number of tasks. A grate
is “designed - to satisfy the foliowing objectives: provide
support for the refusé; distribute underfire air'through grate
opénings: transport the refuse from feed chute -th ash quench;
agitéte the bed to break up clumps; .and redistribute the
burning mass.

A major new deveiopment in vefuse burning involves the
application = of fluidized-bed technology. Fluidized-bed
incineration has been employed to some extent. High heat
transfer and reaction rates achieved in such a unit have
demonstrated favorable characteristics for the incineration of
refuse with good burnout of residue.

- A typical fluidized-bed reactor consists of a bed of small.
solid- particles through- which a gas is pasSed vertically
upward. With . sufficient upward gas' velocities, . the solid
partibles begin to. move in more-or-less iandom motion and
expand the bed Vertically. As such, the entiré bed acts as a
fluid mass much like a boiling liquid. Typical beds used for
incineration = of refuse have been sand with air being supplied
at the bottom of the unit. The fluidized sand bed acts as an
accumulator for heat produced in . combustion. Refuse is
generally shredded énd then fed to the bed where it is quickly
brought o ignition temperature and combustion is both rapid
and complete. Heat generated is rapidly transferred to the sand
particles which are in a fluid state. Construction cost and
power consumption of fhis type incinerator are generally higher
than other conventional types.
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h. Residue disposal

After combustion, there still will remain some residue,
consisting of  small fractions of both combustible and non-
combustible items. Typically residue from incineration includes
ash, clinkers, tin cans, glass, ceramic and l1ittle amount of
unburned organic matter.

Residue disposal is most generally accomplished by landfilling.
When deposited ‘at the landfill, care should be taken in the
same manner as raw wastes, to see that 1eachate'production is
minimized. Although, generally of a more inert nature than raw
refuse, residue still contains soluble constituents vhich may
result in both organic and inorganic leachate.

c. Heat utilization

The waste heat utilization of municipal refuse incineration
plants has a long history of twenty years in Japan. The steam
is supplied by the bleeding of steam turbine, and another type
is to use the boiler main steam, or the exhaust steam from
back pfessure turbine. The steam pressure and temperature of
waste ' heat boiler is usuvally selected somewhere about 20 to 23
kg/cng (saturated or slightly superheated steam) to prevent
corrosion from gas and dust, and the pressure of turbine exit
was more than 1 kg/cng. However, but the condensing {ype has
been gradually used to get higher thermal efficiency. Surplus
steam'_steam is used for outside heat - utilization such as,
district heating and cooling, air conditioning, hot water
supply for residences, direct steam supply to industries, efc.

The status _of ‘waste heat -utilization in- municipal refuse
inéineration.plants was investigated by the Ministry of Health
and Welfare, Japan. Among 780 municipalities investigated, 164
muhicipalities have used the waste heat,'and as such, 81.7% of
the facilities supply heat to room air-conditioning, hot water
supply, followed by welfare facility for dwellings, and power
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generations. And in 1986, number of power_generation-'facility
is counted to about 73 (including those uﬁder—construction},
those which a part of generated power is'cdnsumed in the plant,
and surplus power is sold to electfic power companies.

Construction, maintenance and operating costs

A major factor contributing to the disfavor of incineration as
an  economical disposal sqlufion is- - the high 'cépital
requirement. Total capital requirement per ton will généréily
decrease with ~increasing capacity, however, unit valﬁes -are
typically higher than other disposal alternatives, especially
sanitary landfilling. Therefore, detailed cost evaluation have
to be made- on the construction cost, . annual @ running and
maintenance cost, versus expected income which could Dbe
obtained from the supply of electricity or heat.

. Advantages and disadvantages

Basic advantages are:

i. The system has wide range of availability. Almost all kind
of waste except bulky inert materials can be treated.

ii. High reduction in bulk volume and weight in ‘lower
transportation costs and landfill requirements.

-iii.Heat can be recovered by waste heat boiler. Turbine driving

system for auxiliary equipment in the plant alsoc has an
advantage to reduce operation cost.

iv. Revenue will be expected from the sale of surplus

electricity by means of poweér generation in the plant (in
cagse of higher heating value of waste).
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- Disadvantages .of incineration include:

1. Sizable fixed costs and high operation and maintenance
costis.

ii. The = total disppsal problem is still to be considered. A
portion of the incinerated wastes (15% by weight 1is ash)
must be landfilled elsewhere.

iii.Increased air pollution control requirements call for
substantial additional capital outlays.

{6) Crushing and Shredding
a. Characteristics of crushing or shredding process.

Shredding half the volume of waste carried-into. the final
disposal site. The shredded waste, as compared with the non-
shredded one, will be settled more guickly when used for a
sanitary landfill. It is said that the sanitary landfill land
composed of the shredded waste will increase in price, since

_the land is suitable for various uses. The land users near the
sanitary landfill make little complaint about the 1ahdfill,
because the landfill work progresses sanitarily. In addition,
fewer fires will break out during the landfill work. Fewer
rodents and insect hatches will require less insecticides and
raticides are needed.

The shredded waste causes less damage to the landfill egquipment
and trucks for the sanitary landfill work than the non-shredded
waste. The shredded waste has a less settlement than non-
shredded one because of its high compaction ratio.

The term "crush" has various meanings, 1i.e., shredding,
milling, pulverizing, grinding, cutting, tearing, ripping,
etc., for which =~ appropriate machines are developed,
respectively,. For example, an ordinary hammer mill where a
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swing hammer attached to the horizontal "or vertical shaft
rotates very fast. Waste is dumped from above, and discharged
from the opening at the bottom after it is pulverized by shear
force of the cutting board.

The grindability depends upon the substances to be erushed, and
the size required for the'purpose of each treatment system. The
pulveriiing process will be -combined with sieving, if
necessary. The crusher is classified inte the various types,
which are outlined in Table I.1-5.

. Advantages and disadvantages :
Several advantages can be described and they are as follows:

i. Shredding is well adapted to the 1local conditions and
intended plans: because (1) shredding reduces wvolume by
about 50 percent thus making transportation by truck easier
and more efficient; (2} shredded waste spreéds more easily,
is compacted better in the sanitary landfill and thus'takes
up less space making the landfill area last longer.

ii. Shredding makes for more compact and ultimately more stable
sanitary landfill and hence, the wltimate value of land
after filling would be great.

1ii.Since shredding facilitatesIMOre'compaction'of the waste,
"~ there have been less fire on such operations particularly
if solid waste disposed receives a final cover. In
addition. problems of flies and rodents would be greatly
minimized.

iv, Shredding definitely increases compaction thus making
landfills denser and reduces the percentage of settlement.
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Table ‘1. 1~5 Various Tybes of Crusher and Their Characteristics ,

Crushing Cabacity &

Type of Applicable Non~Applicable
Crusher Characteristic Waste Waste
Impact 4 machine which has a powerfull Combustible bulky Ductile plastics,
Crusher | impact and destructivé power through | waste, metal, cloth, foaming
crushing action by high speed rotor, | glass,” rubbish and | plastic and
stroke blade and collision board in | other ordinary rubber
crushing room. Inferior in shear waste.
capacity.

Hammer A machine which destroys waste by Applieable for Ductile plasties
Shredder | impact of rotor swing hammer, and wide range of and things which
shear between anvil and grade bar waste, bulky twine.

of the main body. Application range | industrial waste,

is wider than the impact crusher. as well as

Superior in crushing capacity, but ordinary waste,

inferior in heavy hammer wear,

noise, any vibration.
Plane A machine which performs crushing Plastics, can, Concrete and
Cutter by shear between rotary blade and bottle, wood, metal
Crusher | main body. Superior in shear paper, animal

strength, but inferioer in impact, bone, fish-bone,

Suitable for crushing of waste fish~intestines,

inapplicable for impact crusher rubber, tire,

and hammer shredder. Rotary blade ordinary waste.

wears heavily for metal, etc.

Suitable for a single item

treatment
Recipro- | A machine which compresses.and Applicable for Hard metal,
cating | shears waste by reciprocating a bulky waste as conerete and
Cutter Y-shape hydraulically-operated well as wide range | things long and
Crusher | reciprocating blades composed of of waste. Ordinary | narrow.

several comb-like fixed blades and
reciplocating blades which are
facing to each other with their
bottom edges as axes. Less trouble,
noise and dust because of simple
structure. Limited application for
hard materials in addition to
relatively rough crushing size.

vaste is also
acceptable.
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Crushing Capaclity &

acceptable. Less noise, dust and
vibration., Crushing size is
limited. Some are improved in this
limitation, and have the function
of reciprocating cutter crusher.

Type of Applicable “Non-Applicable
Crusher Characteristic Yaste Waste
Squeezer | A machine which compresses and Concrete, Metal products and
crushes waste by using upper and insulator, plastic | rigid materials
lower caterpillars which rotate at and furniture '
the same speed and in the same '
direction.
Not provide any impact and shear.
Com-— A machine which compresses, shears Applicable for Hard metal,
pressed | and crushes by using wing pusher. bulky waste such conerete, ete.
Shear stamper, vertical blades (some of -as wooden
Crusher | them are horizontal blades) which furniture,
are put into a set of actions mattress, rubber-
hydraulically. All waste are tire, ete.
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v. Shredding also virtually eliminates salvage on the landfili
site since materials are finely ground and all Intermixed
thus leaving nothing to be salvaged.

Shredding has the followling disadvantages:

i. The use of the rotary type hammer crusher consumes large
quantity of electricity as it usually requires a high power

electric motor.

ii. Damages  due to explosion caused by inflammable matter
contained in waste might occur freqhently. Therefore,
strict checking and sorting out of dangerous matter have to
be done.

iii.According to tremendous wear of mechanical parts such as
- hammer beaters, shear blades, etc., ~ frequent malntenance
work, repairing or replacement of damaged parts shall be
necessary.

{7) Sorting

An important point-to be considered in both the ‘treatment and
disposal is that a system for recovery of the resource such as
paper, glass, metal, plastics, etc., must be provided in the early
stage  of planning. The most desirable method is a system which
allows as many kinds of waste as possible at the lowest cost, and
nof causing any secondary environmental pollution. The essentials
of the resource recovery system are the salvage with or without
shredding. Generally, a waste truck, weighed at the entrance of a
plant, dumps the waste into the hopper. The dumped waste is then
carried 'to a salvage yard'on the salvage conveyer. The wvaluables
-are sdrted there by machinery or by hand. Magnetic materials are
sorted out by a magnetic separator installed behind the salvage
conveyer, and carried to the crusher, as required.
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a. Type of salvage process

The major purposes of the salvége are to recover the valuables.
For metal, non-ferrous metal, paper, cardboard, glass,
plaétibs, rag, leather, etec., to be recovered as"‘valuébles,
a dry classifier which uses wind power, magnetic sepafator;

- vibration, and human power are mainly used in accordance with
gach characteristic of the valuables. Dry - classifying 1is
usuhlly performed in air. In addition to this method, available
are the wet classification by means of liquid and the semi-wet
classification by means of less liquid. Both the dry classifier
and the wet classification have a wide range of application in
accordance with their characteristlcs.

i. wind power sorting (pneumatic sorting);

Since the separation efficiency of the wind power - salvage
varies with the waste size, moisture content, size, surface
condition, weight, etc., pre-shredding, drying and sieving
shall be prepared if necessary.

ii. vibration sieving (vibrating screen);

This method wuses the upstream air passing through a
slanting. porous board. Sieving is generally performed in
three stages, fi.e., upper, middle, lower. Some sieving
systems are provided with baffle boards at appropriate
places to increase the sieving efficiency.

1ii.magnetic salvage;
In this method, magnetic materials mingled with the waste
or shredded waste are attracted for salvage by the magnetic

separator which is placed over the belt or at the head of
the conveyer.
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iv, aluminum sorting;

- vi.

This machine sorts out non-ferrous metal such " as aluminum

from the wastes. There are -various fypes such as

electrostatic method, heavy-media separation by specific
gravity difference, magnetic fluid separation and induction
eddy current methed.

Among these methods, the Induction eddy current method

adopts the following principle: when the nonferrous metal
(conductor) is moved rélatively in the ununiform magnetic
fiéld, eddy: current - is produced. Interaction of this
current and the magnetic field produces electro-magnetic
force.

optical sorting;

This method is being used experimentally. In this method,
glass is shredded in accordance with the color, and with a
difference in  the -transmittancy converted to the
resiliency, the shredded glass pieces.are scattered so as
to classify them according to their hop distance.

manual sorting;

No matter how much the classification and salvage by means
of machinery may develop, human power will remain
essential. There 1s a system where several  persons,
standing by the salvage conveyer, pick up their specified
valuables or admixtures to throw them into the recovery
boxes arranged near the conveyer, or apply them, if
necessary, to the compressor to make them transportable,

1 - 53



The'problem of the hhman power salvage is the industrial
hygiene. The insects and offensive odor accompanying the
transported waste are extremely bad for the health of the.
persons engaged in the salvage. Thus, efforts mist be made

. to improve the working environment with an investment

aggressively made in deodorization.

b. Advantages and disadvantages

Advantages of sorting systems are:

ii.

With the adoption of sorting devices such as pneumatic,
me¢hanica1, magnetic, ete., sqrting out operation is
executed effectively under h?giénic environmental condition.

Many sorting systems are relatively simple and easy to

operate. Furthermore, technically those devices are stable.

1ii.Investment cost, utility'cost and maintenance bost are

usually cheaper than other systems.

Disadvantages are;

ii,

The suitable wastes to sort in this system are generally
limited to such waste that are relatively dry and with rich
inert material content. Therefore not so much comtribution
will be expected for waste volume reduction.

Objects rejected after usable materials are sorted have to
he hauled to landfill site again.
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iiji.Generally, aquality or purity of materials which are

obtained by mechanical separation device 1s insufficient,
compared with manual sorting. For example, 1light fraction
such as plastic films and papers are recovered as a mixture
by pneumatic device. Each fraction can not be completely
separated though because the specific gravity of both
materials is almost equal to the specific weight, thus the
market price will be reduced.

2) Examination of System Components

Generally, the possibility of introducing appropriate processing

facilities must be examined because the acquisition off new disposal

sites

is becoming increasingly difficult and that better environ-

mental conservation measures should be introduced.

a. Selection criteria for processing facilities

The following criteria are considered in the selection of possible

processing facilities.

i.

i1.

volume reduction of solid waste
The facility should be capable of reducing the solid waste
volume for final disposal, thereby contributing to extend the
life of disposal sites.
resource recovery

The facility should assist the recycling of resources.

There are two ways of resource recovery from solid waste. One

is the extraction of economically usable materials from solid

waste, and the other is the extraction of energy from waste.
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iii.protection of environmental-pollution

The facility should contribute to the - improvement of
environmental conditions.

Possible processing system

in respohse to the above-mentioned criteria, the following
processing systems are discussed in this report;

m'combosfing

- RDF (Refuse Derived Fuel)
~ pyrolysis gasification

- slagging pyrolysis

- incineration

- crushing and shredding

- mechanical or manual sorting

Each system can be employed independently or jointly, and has
advantages and disadvantages. 1t is, therefore, important to
select an optimum system or an optimum combination of systems,
taking the following points into account:

-. construction, operation, maintenance and repair cost

- acceptability of various kinds-of wastes

- volume reduction effects for final disposal

- marketability and price stability in markets of recovered
materials

- ease in operation

- reliability and stability of treatment plants (degree of
technical development and operation results, etc.)

- impact on surroundings and its intensity

- simplicity in design of plants (pre-treatment, back-end
treatment, etc.)

Table 1.1-6 shows characteristics of possible processing systems.
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‘¢. Relationship between processing systems and solid waste quality
The processing systems should be selected_abcording to qualities
of waste. Table I.1-7 shows the general characteristics of
fvarious kinds of solid wastes {percentage of organic materials,
water content, inorganic materials and calorific value), and types .
of wastes most effectively treated by the respective processing

plants.

Fach processing facility and its characteristics are described
below:

i. composting

Generally, suited for domestic waste, other similér types of
waste and some kinds of commerclal waste. |

ii. RDF

Commercial waste especially rich in paper content might be
processable.

iii.pyrolysis gasification

Limited only to waste with low moisture content and high
calorifie value.

iv. slaggiﬁg pyrolysis
Suited for a wide range of waste including inert materials.

v. lincineration
Suited for a wide variety of waste except for incombustible
bulky waste. Waste from_ hospital and carcass are low in

calorific wvalues. However, they should be incinerated in a
special furnace for sanitary purposes.
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_vi. érushing & shredding
For bﬁlky waste.
vii.mechgnical or manual serting
Suited for inert waste.
3) Conclusion

_Upon' consideration of the examination of processing systems and the
present SWM in Vientiane urban area, especially its very limited
financial situation, it is.concluded that the introduction of any
kind of processing facility including a recycling faéility would not
be necessary by the year 2000 unless the financial situation would
change drastically. Some small scale facilities, however, such as  an
incinerator for hospital waste or corpses might be recommended in the
condition fhat not only their initial cost but also opefation " cost
should be secured. The reasons for the conclusion are described as
follows;

a. In view of the present financial status of SWM, it is absolutely

- difficult to secure not only the initial cost but also operation

and maintenance cost of a processing facility and a recycling
facility as well.

b. There is an existing landfill site (KM 18-DS) of which the area is
enough for more 30 years use and candidate sites (DCDS and .NCDS),
whiie the main purpose of processing.facilities is the volume
reduction' of so0lid waste in order to extend the 1life span of
disposal sites. Consequently, the introduction of a processing
facility is not'urgently required by the year 2000 in terms of the
disposal of solid waste.
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¢. According to the results of the WACS and CCS described in 2.1
Waste Stream, the compbsitibn of waste 1is not suitable for

composting due to less ratio of food waste and C/N. In addition,

with regard to the composting of solid waste in the Study area the

following problems are identified.

il

iii

iv.

d. In

The'market'size for compost is limited due to the wide use of
various types of organic fertilizer such as chicken and cow
dung.

The production and transportation costs for composting are
very high while the actual application of compost invelves
heavy labour.

.The composting of solid waste is not wvery effective in

reducing the solid waste volume and weight.

Raising 1livestock, which provides organic fertilizer, is
expanding.

addition to the initial and running cost, there are following

problems are encountered in each processing systems,

- RDF : restricted by solid waste quality,

and technical immaturity

pyrolysis gasification : restricted by solid waste quality,

technical immaturity and operation
difficulty

- slagging pyrolysis : technical immaturity and operation
difficulty

- crushing and shredding : less generation of bulky waste and

limitations on subject waste
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- mechanical or manual sorting; existence of well-established
recycling system done by private
sectors and limitations on subject
waste

e. As described in Appendix F;5 (Recycling), the existing recycling

system is well-established and there is no need to introduce a

recycling facility.
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I.1.6

1)

2)

3)

Final Disposal -
Possible System Alternatives

Upon consideration of the possible system alternatives of final
disposal, the following aspects are to be considered; ‘

- 1ocation'aﬁd number of final disposal sites;

- fiﬁai.disposal methods;

- landfill structure; _

- recovery of methane gas; and

- level of sanitary landfill development and operation.

Location and Number of Final Disposal Sites

As stated in the S/W and M/M agreed between Vientiane Municipality
and the .Preliminafy Survey Team and modified in the MN/M on the
Inception Report, the final disposal sites studied were limited to
the followings;

i. the existing KM 18-DS (Kilometer 18 disposal site)

ii. DCDS {(Dongphosi candidate disposal site)

iii. NCDS {Noensaard candidate disposal site)

Through the examination of combinations of technical sub-systems, a
final disposal site for the Basic Plan is selected in this chapter.

Final Disposal Methods
There are geveral final disposal methods as listed below:

- open dumping;

- controlled tipping; and

- gsanitary landfili.

] - 63



Although the crude open dumping method is generally employed in the
Study area, the use of the method should not be tolerated in the
future in view of their adverse effects on the landscape, public
health and environment.

A sanitary 1andf111 should be used for flnal dlsposal A sanltary
landfill is proven to be the most economical and acceptable method
for the disposal of solid wastes. The term sanitary landfii} means
an operation in which the wastes to be disnosed of are compacted
and covered with a layer of soil at the end of each day's operation.
When the disposal site has reached its ultimate capacity - that is,
after all disposal operations have been completed - a final layer of
60 cm or more of cover material is applied.

The advantages of sanitary landfills are shown below.

- Where land is ‘available, a sanltary landfill is usually the most
economical method of solid waste disposal.

- The initial investment is low compared with other disposal
methods, such as composting and. incineration,

- A sanitary landfill is a complete or final disposal method as
compared to incineration and composting which require additional
tréatment or disposal opefations for residue, quenching water,
unusnble materials, etec..

- A sanitary landfill can receive all types of solid wastes,
elimipating the necessity pf separate collections.

- A sanitary 1andfiil is flexible: increased quantities . of solid
wastes can be disposed of with 1ittle additional personnel and

equipment.

- Subnerged land may be reclaimed for use as parking lots,
playgrounds, golf courses, botanical garden, etc..
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4) Landfill Structure
There are five types of landfill structure, as follows:

- anaerobic landfill;

- anaerobic sanitary landfill; .

- improved anaerobic sanitary landfill;
- semi-aerobic sanitary lahdfill;

- aerobic sanitary landfill.

The contribution to thé mitigation:of envireomental pollution is
improved in accordance with the above list. Fig. 1I.1-4 shows the
structure of each landfill type.

a. Anaerobic landfill

As the. leachate generated in the landfill layers 1is hardly
drained, the landfill layers constantly maintain anaerobic
conditions. The quality of the leachate is very poor, causing bad
odor and the propagation of vector and vermin.

b. Anacrobic sanitary landfill

Covering soil is applied on each layer of waste. This covering
soil restrains the bad odor, incidental fires and the propagation
of harmful insects to a_certain extent. However the problems of
leachate and gas generation remain. As ‘in the case of anaerobic
landfill, the disposed solid waste wmaintains anaerobic
conditions. |

c. Improved anaerobic sanitary landfill
In addition to povering soil, a drainage facility for the
leachate is introduced at the bottom of the disposal site. The

quality of the leachate is accordingly improved, although the
anaerobic conditions are still maintained.
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d. Semi-Aerobic'sanitary landfill

As the leaehate'ris constantly drdined by drainage pipes, the
quality of the leachate is falrly improved. These drainage pipes
stimulate natural_ventilation,'achieving aerobic conditions in
the landfill layers. As a result, the decomposition of the solid
waste Is accelerated.

e. Aerobic sanitary landfill

In addition to the drainage pipes used in semi-aerobic landfill,
air stply pipes are introduced for forced air injection to

 achieve aerobic conditions. in the layers, accelerating the
ﬁecomposition and stabilization of the solid waste and improving

the leachate quality.

The Landfill site ih'the Study area currently employs the anaerobic

landfill structure.

In view of the_abové:advantages and disadvantages of the landfill

structure types, it is planned'that final disposal sites in the Basic

Plan will employ the semi-aeraobic sanitary landfill structure with

leachate drainage pipes.

5) Recovery of Methane Gas

The recovery of methane gas will nol be considered in the alternative

study due to the following reasons;

ii.

ALl candidate sites are flat and it is rather difficult to

recover the methane gas at the flat and shallow disposal site.

It will take many years for the recbvery of methane gas and also

require a mounting-up disposal operation.
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