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Appropriate Technology Option for Municipal Sd]id Waste Management
in Asian Developing Countries
- Feasibility of Anaerobic Digestion Technology -

[ B B F B
SHIKURA Shigeo * HARADA Hideki **

ABSTRACT: In urban area of developing countries, environmental deterioration caused by municipal solid waste
(MSW) has been increasingly endangering humans' health condition. Establishment of appropriate MSW management
is mostly urgent matter. In this study, we investigated the feasibility of anaerobic digestion (AD) technology as a
technical option in MSW management. It was suggested that fuelwood overgrazing from nearby surroundings resulted
in deforestation and soil erosion. Different from developed countries, this region fulfills the conditions of climate and
MSW characteristics for dissemination of this technology, but can not afford the incineration yet. Opposed to our
expectation, AD technology was proved to meet some extent of household energy demands in urban areas, and thus can
partially contribute fuelwood saving for most of Asian developing countries.
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Fig. 1 Structure of environmental problems in Asian countries
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Fig. 2 Ratio of fuel wood to round wood production
and conventional energy to total energy consumption

Abbreviation ; (1)CE : Conventional Energy Consumption, (2)TE : Total Energy
Consumption, (3)FW: Fuelwood Production, (4)RW: Round Wood Production

This Figure was constructed from the tabulated data given in" World Resources 1993-94, WRI"
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Fig. 3 Energy consumption and GNP

This Figure was constructed from the tabulated data given in” World Resources 1993-94, WRI"
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Table 1 Benefit from AD technology and expedient condition

Benefit
* Energy production
+ Improvement of household working
* Abatement of waste quantity to be disposed of and life extension of landfill site
* Abatement of greenhouse and pollution gas emission from landfill site

+  Abatement of leachate
+ Utilizing of bioslurry
Condition
* Nature Moderate climate for AD
* MSW Rich in organic fraction
* Energy Necessity of other energy source development

» Technology Rural AD plant
+ Economy  Deficit of government budget and unavailability of expensive facility

SWOBEKES ORI & 58D THAD S OERBET R, BRETZONH, TLUTBHADO DS TAR
DERNENDZETHS, EENAIFRATY - LRMOKBHLEEE UTOFHANRETHIHN, 75
O MNAEBTHRAZAANRATNENEER, HOITHOREHEETHIEBIETHS.

4.2 BERICHELEEMSF

77 OREEIIZ. ADOYRICEL ZEEIHETHHEbo TS, TTKBESESEBNMENT
EEMSWOHERMSHERINBNI ETH D, IO ERFHEMLNARE < HENRS B IAEL . K
BOLHWHEEBEICREVWED TRET<IEREEX 5N, ThSRIMEEONR 7+ —< L A EHmOE
FEHITKELFLETEHTHS S,

Fh REIXNF-—OHERIBHICE > THTHELARETH B L3, ADBHOBERICE->THE
IFHETHS.

KT ADEMTASHER Low Tech. TH V., HRBRERICBWTHBIENRES 2L AD OFMHE
BRPBIETHEY, R2BTO7ORLARBIZBRNOAD TSV MEEBEBLEBDTHS, Z
NSRECHEDBECKERESLZFALEDOT. BEAENE~IM3DTI7I VYL XODDOTHD

‘Table 2 Number of Rural AD Plant

Country Number of Plant
Bangladesh 500
Bhutan 54
China 4. Tmillion
India 1.2million
Indonesia 200
Myanmer less than 2,000
P.D.Korea 50,000
Nepal 5,959
Pakistan 4,137
Philippines 800
Thailand 2,781
Vietnam 1,500

This table was constructed from some papers
recorded in No. 19 reference
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Table 3 Economic feasibility of Incinerator with capacity of a quarter of waste generated

Item Unit Colombo Vientiane Kathmandu
City Population Thousand 615 132 598
Total Plant Capacity ton/day 150 20 60
Available Budget for SWM US$ million 31 03 0.8
Annual Capital Cost " 3.9 0.3 0.6
Annual Operating Cost " 1.7 0.2 0.7
Total Cost " 5.6 0.5 1.3
Ratio of Total Cost to Available Budget % 176 172 161
Dhaka Manila Calcutta Beijing Karachi Kuala Lumpur Jakarta
5,877 7,968 10,741 10,872 7,965 1,122 9,250
750 1,500 800 2,900 900 750 1,500
17.6 56.5 334 94.4 331 36.6 130.8
79 25.3 129 233 8.8 7.5 20.3
8.5 17.0 9.1 32.8 10.2 8.5 17.0
16.4 42.3 22.0 56.1 19.0 16.0 37.2
93 75 66 59 57 44 28
Yangon Bangkok Seoul Singapore _ Hong Kong Taipei Tokyo
3,302 5,894 10,558 2,705 5,369 2,900 8,022
150 1,500 3,700 1,800 2,100 900 3,000
21.7 244.4 738.4 394.9 772.9 331.0 2,164.6
1.5 14.2 56.8 11.8 222 7.6 232
1.7 17.0 419 20.4 23.8 10.2 33.9
3.2 31.2 98.7 322 46.0 17.8 57.2
15 13 13 8 6 5 3
Calculation procedure:

1)Plant capacity is nearly equal to a quarter of waste generated per day.
2)The reserve is not taken into account.
2)An available budget for SWM is assumed to be 1% of regional GDP.
3)An annual capital cost is calculated by [PC X UC1 X CRF)

PC : plant capacity (ton/day),

UC1 : unit cost for capital (US$100,000/ton, referred from No.11 source below),

CRF : capital recovery factor = [r(14r)n}/[(141)n-1], where; n=20 year, r=interest rate in each city,
4)An annual operating cost is calculated by [PC X UC2 X 365}

UC2 : unit cost for treatment (US$31/ton, referred from No.11 source below),
Data Source:
JICA, Report, 2)UNCRD, City profiles, 3)Tokyo Gomi Hakusyo, 4)MMDA (Philippines), Report, July
1996, 5)Monitoring MSW Hong Kong, 1993 and 1994, 6)Dhaka City Corporation, private communication,
7)Metropolitan Cities in the World (Sekai no Daitoshi), 1994, 8)Karachi Metropolitan Corporation Islamic
Republic of Pakistan, Solid Waste Management; Final Report, Oct. 1995, 9)Yearbook of Environmental
Protection Statistics, Taiwan Area, the Republic of China '96, 10)Solid Waste Management in CMC Area,
Calcutta Environmental Management Strategy and Action Plan, 11)The Management of Municipal Solid
Waste in Europe, 1994 Elsevier, 12)SWMRMC (Kathmandu), Private Communication
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BRVEDOBELM% CHARICED S I EIRETH 508, HRONEER. HEERSOMSWERTF
BIrhD3880RI2ERTEE, FREVI0XBENRETH D EE L, Bit. > R—IV3E
VAMSRERA HAZEBL TS, £2FH. YU, NPy 2T RS REBEISEHTES
Bbhs, LHLENS, £0olofii. AEEH S oBBRTVWEORERTRIENIFOBRIIRETHA
S5, 2B, PO i315% & HBMEEITENRZIIMS WORERNED THOLRWZ ENFEREEX S
nd.

FEE4TaIL—2a RAWEERTOMSWO 3RABREBR L. 5—% bR £-FH
EoTHARESRADN, ZLNERBHAEZANTHY, KRENFVLRA SN THHDRE OB AL
HiEbh, FRIEEZENSNZIENFHEEINS.
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a:Kuala Lumpur, b:Jakarta, c:Manila,
d:Bangkok, e:Yangon, f:Beijing, g:Bombay,
h:Kathmandu, i:Colombo, j:Dhaka, k:Vientiane

0 20 40 60 80 100 Area of Self-Sustained Combustion
Volatile Solid (%) m (Luis F.Diaz et al., Solid Waste Management for

' Economicaly Developing Countries, ISWA)
Fig. 4 Three Components of MSW

Source : 1)City Profiles, UNCRD, 2) Jindal and Harada Report, AIT, 3)JICA, '93 Report, 4)Dhaka
City Corporation, Private Communication, 5)P. U. Panjwani, 6)Sharma, T., and Hari, G. C.

This figure was constructed from many data sources above mentioned
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MSWhHSDOIXNF—ERITONTHEL., REMPEXANOERIIOVWTEREMA S,

5.1 iR

EEAOEHREZRAITRYT. FEHIMSWHORFZEUTRELR. HRARER0.5mYkg-VS). H R
#. (5,000kcal/m?) IZ—E E U HADOHRERIZLZNWHOE Uk, £hBIHFOBKARITS0% &L, ELREF
S0 100% BEBRD THBELEEREL T 20%VS). N FTHAORBARKERZ. BREHOBEREERL
THERIERTSHLOLUTHELL. REMOHHIEB IR NVF—4E%E  3.5kg-fuelwood/m’-biogas
(4 LU TRDE. i, BHESMET. REH O (ton/year) 2 & EHEMH O BAEMY /= 0 N1 F
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BEIC, R, B2 X, VINTIE250 B, FOMOEX TiZ300 &L,

Table 4 Calculation Method

Item Equation Source
Quantity of Garbage (ton/day) per capita MSW generation (kg/cap./day) X Urban Population 21)
X Garbage Ratio (%)
Quantity of Biogas (m>/year) Quantity of Garbage (ton/day) X Gas Yield (0.5m3/kg-VS) 21)
X (1-0.8) X 1 X 300 (or 250 day) X 1000 23)
Biogas Energy (kcal/year) Quantity of Biogas (m3/year) X Biogas Calorie (5,000kcal/m3) 22)
Household utilizing Biogas Quantity of Biogas (m3/year) + (2.5m3/household/day X 365day) 23)
Fuelwood Saving (ton/year)  Quantity of Biogas (m>/year) X 3.5kg-fuelwood/m3-biogas + 1000  22)
Forest Saving (ha/year) Fuelwood Saving (ton/year) < Unit Biomass in each country (ton/ha) -
5.2 HMER

BRERSICRT NMAHIREHERIRNF—D0.1~06%BEICHEYT B EIREINE. MSW
DIXNF—REEL TOFSRMFENERFEAZ KBRS o 2. BICKDENPE VDRI I X —
RODBVEIRE ZHOHHBL PV EDTREVNEEDNS. LA LN SRETOMME GHER) I
REdTse. £EENENRAFHAIRHTRERFELED 1~ 11%NFHATE H5RBICIEHT 3 Z &itbhh
5., :

—%, EBICRBINBMEHO—BEZOIINVE—THS & LEBE, BET29% FE, IL—
7T 6% REE, TOMOETO.1%~ % BEGNTEIHETHS. HELRIPIREBEI XN —HEILE
LENZEFEFOFSEMELS B0 Tz

T OSHMENIREHBREBEKERE BT, BETI00%ME IL—27. 8%, AUS>
1T 20% ~ 30%. HOET1~10%ICHE L=, ZHIREKICET S8R E ZORICHENTALETHHT
FBZEEBHETIN, M THEAIHTIROABIHERTRARLTWBILERTHOTHH 5,

6 BbUIC

FRXTR7 V7HERZ EEICB T 2REYEBRHEORNA 7Y 3 & UTHRKAEHEERZRER L.
FIMSWOADHKOHREZREL, 24L L TiRbTHTH 2, HANLMEE L L TIRRENZER
MHEINTWBZ &, TERCBEREEI XN —OBERZDONVT, ZThHOELZ OB IMKRELT
CHOBREITEFE LI RV F - ERREEE L TVWA Z & £ T hAtEEMNICREREEY LT
WBZEERLE. ESRMSWEAALEZADEROFR LT V7 HENZOENOBRZDICAKL T
NEEEOEEEADIZLAEARIFNF—NbE S THRIZDONTERET - k. TOBREMH T Ricxt
LTI EERICERVIERRENERENED > TVWAZ &, —ATEMA T3 &L TOERFOR
ARE<OETHHMETHD T LERLE. LBEOKE. MSWOIRNF—EFEL TOFSIIH
BENEIEEAE ITAVY, RETOME BER) CRETSEABVOERNEAENZ L, i
HR DIz U TIRERZ L > TR EBRNSGRSRNE I NS 2 &R I N,

SEADDEED S B, TINE—ITDVTOBIMEL LA, & D ERICKRNT 52DII3E O/OR
B, BIASED I THOEMEPHROBBLIIREFTEESORENVETSS S5, k. RDEELR
HEERTORFRICETIHROBRTHZ. SLEITNA, DEHTLHABREEICELEN—F, V7
NEEICHED AT ARBRBL TN BEND .
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