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Abbreviations (Listed in alphabetical order)

B
BMA
BOD
BPP
Ca(QH),
COD
bDS
DFC
DTEC
F/S
GDP
GPP
HCI _
JICA
LHY
MB
MMD

m*N/h
M/ P

N D.
NESDB
ONEB
PPP
Pt-Co unit
PVC
SWM
SS

t/d

Baht

‘Bangkok Metropolitan Admnistration

Biochemical Oxygen Demand

Beneficiary Pay Principle

Calcium Hydroxide

Chemical Oxygen Demand

Department of D}anége and Sewage

Department of Public- Cleansing

Department of Technical and Economic Cooperation

Feasibility Study

Gross Domestic Product

Gross Provincial Product

Hydrogen Chloride

Japan International Cooperation Agency
Low Heat Value

Million Baht :

Mechanical and Maintenance Division (Central Workshop)
of Finance Department, BMA

Cubic meter Normal / hour

Master Plan

Not Detective _

National Economic Social Development Board

Office of National Environmental! Board
Polluter Pay Principle

unit of Platinum-Cobalt method

Poly VYiny!} Chloride -

Solid Waste Management

Suspended Sol id

tons/day

T—KN (T—N) Total Nitrogen (Kjeldah] method)

Rai (Thai Unit) = 1, 600 m?
Soi (Thai Words) : HNarrow Street
Khlong (Thai Words) : Canal

Fxchange Rate (as of January 1991)

1 $ =75 Baht = 130 Yen (Approximately)
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Part I

Estimation of Waste Amount and Quality
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Chapter 1  Waste Amount

1.1 Method of Estimation

1.1.1 Data Abailability and Method of Estimation

The amount of Solid waste is projected in order to examine a final disposal plan,
collection, and a haulage plan in particular, accordingly, the projection of each district is
required. For this projection, data on the amount of waste, collection rate, population

and economic statistics are required. However, the available data is limited as shown in
Table 1.1-1.

Table 1.1-1 Data Availability

Data Auvailability
Whole Bangkok _ District Level
Population Available Available
GPP - Available (unitil 1987) Not Available
Collected Waste Amount Available Available
Collection Rate - Available (1989 only) Available (1989 only)

To project the waste amount by districts, the annual collection rate of Bangkok has to
be estimated first, then, the total waste amount is divided into each district according to
population.

The increase of per capita generation amount is projected using a regression analysis.
The flow chart showing the method of the waste amount estimation in Bangkok is
given in Fig. 1.1-1. ‘

1.1.2 Assumptions

For projection, certain conditions in the future have to be assumed and a desirable
policy target also has to be set, in particular, the collection rate.
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1) Popula_tion B

The populanon of Bangkok is 1ncrcasmg ata %tabla r‘ue of growth, whlch is2.2 % per

year. This trend, however, has slowed down in recent years. On the other hand,

neighboring provinces are growing rapidly with new factories and residential areas, as
are shown in Fig. 1.1-2 and Table 1.1-2,

The population of Bangkok will increase at a more modest rate of 1.5 % per annum

until 2000, vsing data from the third BMA development plan and the master plan for

garbage disposal prepared by the DPC ‘Table 1.1-3 shows the result of future

estimation by districts,

Table 1:1-2 Populatlon Growth of Bdngkok Mehopohtan Reglon(BMR) between 1970 and 1989

4000

3000 -

20604 -

................................................

Number(Thousands) Annual Growth Rate(%)
1970 1980 1989 1970-80 - 1980-89
Bangkok 3,185 4,852 5,717 4.30 0.18
Samut Prakan 341 503 T42%* 3.96 571
Nontha Buri 278 383 572% 3.26 5.90
Pathum Thani 242 332 415% -+ 3.21 324
Nakorn Pathom 434 545 620* 2.30 1.86
Samut Sakhon 207 1256 334 2.15 3.87
BMR. 4,687 6,871 5,717 3.90 272
“* Data in 1987 Source: NESDB
D
e

‘¥ Cily Core Districts

41 Urban DistricLs

1000 - 3

------ v/_"_‘__’,._w—*"‘. -+ Semi-urban Districts
,,_—4-"’—“ g © Semi-rural Diswricis
e - BMA
] o B a
) A brer TR T }—D_—D—D—D—D——"U
—n - —l—— g‘ﬂs
o —G—— O < o -
I "“I I I : : T T T T L
1979 1980 1981 1982 1983 1984 1985 198G 1987 1988 1989
Source; BMA

Fig. 1.1-2 Population Growth of Bangkok from 1978 to 1989
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2) Economic Gx_‘o’Wth

' Thalland pamculariy Bangkok has expeﬂenced very rapld cconomic growth in recent
years, whwh is illustrated in Fig. 1.1-3. This economic growth is expected to continue
for several years. This study applies a 7.4 % per year growth rate until 1997 and 5 %
per y'ear until 2000 as est_imated in the GPP growth rate of Bangkok."

3) Collection Rate

The collection rate shows the proportion of service provided o t'he popnlntion of the
BMA to that' of the total BMA's population This data is new, and is collected from
districts every four months by the DPC, so the only available data is that for 1989.
This study applies’ the collection rate estimated by the JICA 1982 Study as the collection
rate in 1980. The annual collection rate is estimated using the assumption that the
collection 'rate has been increasing at a constant from 1980 to 1989.

The current collection rate is a result of the BMA policy. The present BMA governor
has created the pohcy of "Clean Bangkok" hence, the collection rate has increased by
the many efforts of BMA. It can be said that the collectlon rate depends greatly on the
BMA's future pollcy on the solid waste management This study assumes that the
BMA will try to continue to increase the collection ratio at the same rate as in the recent
years, under the present political structure of the BMA The collection rate by districts
is shown in Fig. 1.1-4.

Million Baht
180,000 -

160,000 +
140,060 1

120,000

100,000 - & TERTIARY
[} sooonnepy
80,000 + : .

B PRIMARY

60,000 -|-
49,000 |

20,000 |

| o e | e

1] 5
1981 1982 1983 1984 1985 1986 - 1987

Sour(:e NESDB
Fig. 1.1-3 Change of GPP of Bangkok from 1990 to 2000

1-6



Tons/day %

6,000 — -~ 1.000
Generated Waste
. PUNNEIMENEESSY
5.000 - // T {0950
N 5043 .
// Collected Waste
4,000 + : - + 0.900
3.000 -+ + 0.850
Collection Rgz(le R,
£+ — K AT 4
2,000 y e % X 1% 0.800
[PR— -
1,000 4 + 0.750
0 ! i I l - : : 0.700
1982 1983 1984 1985 1986 1987 1988 1989

Fig. 1.1-4 Estimation of Collection Rate and Generated Solid Waste Amount
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4) Generated Waste Amount

Generated waste per person {(Generated Waste Unit) is the result of personal
consumption and business activities. In Bangkok, both have changed rapidly under the

recent favorable economic growth, Thus, the generated waste unit will increase in the -

future. If it is a short period,' the increase of the generated waste unit can fit to a linear
curve. This study, hence, applies simple r'egression analysis in order to estimate the
generated waste unit. Table 1.1-4 and Fig. 1.1-5 show the results of the regression
analysis. |
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N SZ3c—-00

800

7001

600+

500-1

400 t f t f f — } } S
1.981 1.982 1.983 1.984 1.985 1.986 1.987 1.988 1.589 1.990

Column 1 x 10*3
Fig.1.1-5 Result of Regression Analysis

Table 1.1-4 Result of Regression Analysis

Variable Std. Err. t

Name Coeflicient Estimate Statistic Prob > t
Constant -84114.429 14572.981 -5.772 0.001
Column 1 42.679 7.340 5.815 6.001

Sum of Deg. of Mean

Source Squares  Freedom Squares F-Ratio  Prob>F
~ Model 76501.339 1 76501.3389 33.811 0.001
Error 13575.536 6 $2262.589
Total 90076.875 7

Coefficient of Determination (R*"2) 0.849

Adjusted Coefficient (R*2) 0.824
Coefficient of Correlation {(R) 0.922
Standard Error of Estimate 47.567
Durbin-Watson Statistic 1.749
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1.2 Results of the Estimation

Estimated geherated waste amount and collected waste amoutt diu‘ing 1990 to 2000 are
shown in Fig. 1.2-1 and Table 1.2-1. In the year 2000, 10,200 tons/day of solid waste
will be generated, and 8,700 tons/day are expected to be collected. At that timé the
population will be 6,734 thousand people with a GPP per capita of 68, 000 Babht.
Esnmated collected waste amount by districts is shown in Table 1.2-2.

There have been two main studies relevant to the solid waste management in Bangkok. -
There are two previous studies, one is the JICA study in 1982, and the other is
"Feasibility Study on The Management of The Disposal of Bangkok Municipal Waste",
Each study erhploys a different approach for projecting the solid waste amounts in
Bangkok. Table 1.2-3 shows a comparison of the studies in terms of data used
method of projection and results. '

ton /7 day
12,000

D

10,000 - }
generated Amount of Garbage — /
8,000 - ///

6,000

4,000
2,000
Q- T T T T T T T T T T T T T ¥ T T
1982 1985 1989 1990 1995 2000
Yoor

Fig. 1.2-1 Generated and Collected Waste Amount toward the Year 2000
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Table 1.2-3 CopmariS(m of Studies -

o - Feasibility Study on
Present JICA Study JICA 1980 Study the Management of
o : . ' * the Disposal of Bangkok
: . _ : - Municipal Waste
_ Collected Waste Disposal Amount Collected Waste
Used Data - 1982-1989 1960-1978 _ 1984-1987
' Coliection Rate Collected Waste Collection Rate
1979-1989 1979-1980 1987
Generated waste amount  Generated waste amount  Waste amount is assumed
Methodof s projected by is projected by by GDP growth.
Projection - regression analysis, assumed formula.
' Variables are generated  Variables are generated
‘ waste unit and year. waste and GPP.
Projected 1990 4,770 3,310 5,206
Waste Amount 1995 6,600 4,300 7,308
(Tons/day) 2000 8,700 5,540 9,896
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1.3 Results of Questionnaire Survey Regarding Busines_s Waste
1.3.1 Implcmehtation of Questionnaire Survey

An "business waste questionnaire survey” has been conducted in order to obtain data regarding
what is business waste and who is business waste discharger. The questionnaire survey was
implemented in the following manner:

1) Survey Methdd

Théque’stionﬁaire hf&s" been distributed by mail to 36 district offices. The district office
completed the questionnaire from the records which the district office keeps for charging
collection fees, ' ‘

2) Survey Period

5 October to 2 November 1990

3) Sample

All wasté dischargers who pay more than 500 Baht/year are targeted except residences. Data of
2,190 business establishments are obtained through 36 districts as a result.

1.3.2  Results of Questionnaire Survey

1) Rusiness Waste Discha;ger

"Factory" and "office" have the two largest shares among all types of the business waste
dischargers; which is approximately 35% and 30% respectively. “"Market" follows with
approximately 6% share to the total number of the business waste dischargers. Table 1.3-1
shows the number of dischargers by district and by types of business.
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2) Business Waste Amount

The business waste from office and factory are the largest amount, approximately 28% and
25% of the total respectively. "Hotel" and "Market" discharge relafively large amounts 61_’
waste, 8.3% and 16.4% respectively, compared their number of dischargers. It means that
each hotel and market discharges a large amount of waste individﬁaliy as shown in Table 1.3-
2.

More than half of business establishments who pay more than 500 Baht discharge less than
3m3 waste. The business establishments iyho discharge more than 5Sm3 are approximately
19% only. For the types of the business waste diSchafgers, office and market discharge
relatively large amounts of waste. Table 1.3-3 shows waste amount by types of business.

3) Collection Fee

Approximately 61% of the business waste dischargers pay less than 1,440 Baht per year as a
collection fee. Among types of business, 1,,440 Baht to 2,400 Baht is largest proportion for

restaurants, 960 Baht to 1,440 Baht is largest for offices, shops and government offices, and

600 Baht 1o 960 Bahts is largest for factories. Hotels and markets pay more collection fee,
with the largest proportion of dischargers belonging to 2,400 Baht to 4,800 Baht rate collection
fee. Table 1-3-4 shows distribution of collection fee by types of business. ‘

Table 1.3-5 shows a relationship between collection fee-and waste amount. If the 1962 fee rate
is applied, approximately 54% of the business waste dischargers pays appropriate level of
collection fee and 15% of office pay lower than that and 31% of office pay higher that.
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Collection Frequency

Every day and 3 times a. week are the most dominani collection frequency. The
business establishments which are supposed to discharge perishable waste and are
required to have a high sanitary condition such as restaurant, hotel, shop and market
have a high percentage of daily collection service. Meanwhile, more than half of
factories receive every other day collection service. Refer to Table 1.3-6.

Type of Receptacle

The business establishments, use various types of receptacles for discharging the
waste. In particular, bamboo basket, container and concrete container are widely
used, see Table 1.3-7.
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Chapter 2 Waste Quality.
2.1 Present .Wastc Quality

2.1.1 Physical Composition

Quality of solid waste affects the method of intermediate treatment, in particular the type or use

of incineration plant. The composition of the solid waste, therefore, is analyzed from the

viewpoint of possibil