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1. Phase I Project

This Feasibility Study Report covers the Phase I Project idemtified in the
Master Plan Study for MPPP,

1.1 Preliminary Financial Evaluation

"As referred to iam the Master Plan, the introduction of sanitary landfill will

require a large investment relative to the financial scale of the Council.

This section examines an appropriate level of disposal system to be
constructed in Phase I in view of the required investment amounts and the

financial situation of MPPP,

In general, the landfill system for waste disposal can be categorized into

the following four levels.
a. Level 1 Controlled Tipping
~ Consolidation of roads on premises
~ Periocdical soil covering
- Introduction of haulage control system

b. Level 2 Sanitary Landfill

- Clear determination of a disposal site; to be separated from

surrounding areas to prevent entry by scavengers

~ Clear determination of the disposal site by construction of

ehbankments

- Restricting the landfill; introduction of compartmental system to

decrease volume of leachate

- Establishment of a rainwater drainage system to prevent flow of

rainwater into the landfill site from surrounding areas



~ Introduction of instruments to prevent environmental pollutica,
including a buffer zone, facility to prevent waste and odour
dispersion, gas extraction facility

- Introduction of welfare facilities

- Partial introduction of guasi-aerobic landfill structure by gas

extraction facility
¢. Level 3 Sahitary Landfill

- Introduction of proper leachate control system by introduciag

leachate drainage and circulation facility with monitoring system
- Intréduction:of'qgasi—aerobic landfill structure by leachate drainége
- Pfevention of dust by ﬁater sprinkling
d.'Lével 4 Sanitary Landfill

- Introduction of leachate treatment facilities

- Introduction of impermeable structure on site

Local authorities in any country select certain levels of the landfill

system depending on their respective local conditions,

In view of the soil investigation data on the proposed disposal site, the

eStimated‘investment costs for the Phase 1 are as follows:

Level 3: M$ 6.2 million
Level 4: MP13.8 millionk

* This amount does not include costs for bottom liner because it is

not'necessary in view of very low permeability of the bottom soil.

As can be seen from the above, Level 3 disposal system costs less than one

half of Level 4,



In view of the facts that the implementation of a project which requires
'sﬁbstantial investment against limited financial resources may destroy the
financial basis of the municipality and that the balanced development of the
'infrést;uctﬁres'includinq sewage system, solid waste management system and
flood control, etc. is essential for the environmental conservation, it has
been decided that the disposal facilities to be constructed ih Phase I will
be of Level 3, and that these will be improved Eo Level 4 in Phase II
onwards. This decision is also supported by the preliminary environmental
impact assessment results which show the impact of Level 3 sanitary landfill

on the surrounding environment is minimal.

If a sanitary landfill would be inproduced without measures for the
improvement of colleétion and cleansing works proposed in this First Phase
Project Plan, it will be necessary to increase the budgetary allocation by
at least 4% annﬁaily. That is why the improvement of collection and

cleansing works plays an important role in Phase I arrangement.



1.2 Contents of Phase I Project

To complete the Master Plan by 2005, the stage plan for MPPP {see Chapter 12
of Part I) will be actually implemented in the following 3 phases.

Phasé.I : 1991 - 1995
Phase IT : 1996 - 2000
Phase III : 200) - 2005

Phése I Project will consist of the consolidation of the foundations of
solid waste management in MPPP. Its successful implemegtation is. a
precondition for the achievement of the wvarious targets given in the Master
Plan., ' The Master Plan for solid waste management in MPPP is considered..

important on a national level.

As shown in Fig. 1.2-1, tﬁe objectives of FPhase I Project are the
achievemenﬁ of a pleasant living environment and contribution to the socio;
gconomic development of the city by improving the iiying environment, in
turn achieved by improving the service level, expanding the service area and
implementing sanitary iéndfill at disposal sites far from urban areas

through a reduction of solid waste collection and cleansing costs.

Pleasant Living Environment ' Socio-—economic Development

Environmental Conservation

. . . .
Expansion of | Tmprovement of | . Sanitary Landfill
Service Area Service Level at Pantai acheh

[ )

{;ost Reduction
i )

{;olid Waste Collection and Cleansing Improvement

Fig. 1.2-1 Objectives of Phase I Project



Fig. 1.2-2 shows the concrete contents of each component of the Phase 1

Project.

o Collection Improvement

~ 3 times/week door-to-door
collection (urban areas)

~ Establishment of bulky waste
collection system

- Introduction of 10 m~ compactors

o Construction of Pantai Acheh

Disposal Site

I

Development area
Land£ill volume
Daily disposal amount
Operation period

i

" oan e e

25 ha
1,540,000 m3
539 tons

6 years

o Contracting-Out

- Maintaining 87% contracting-out
ratio (in terms of waste amount)
- Review of collection zones
{1 zone: 30 t/day) 4
- Advice on introduction of 10 m
compactors

0 Disposal Method

- Tafget 1ével
~ Landfill method

Level 3
Cell
method

o Cleansing Improvements

- Introduction of team work and
weekly cleansing
(Residential areas)
- Mechanization of the sweeping of
- main roads
- Introduction of grass cutters

Fig. 1.2-2 Phase I Project of MPPP



1.3 Design Conditions
{1} Target Year
Target year is 1995 due to the limited diSpoSal capacity of the present

site, the disposal operation will be transferred to the Pantai Acheh

disposal site in 1992 and operation will be continued till 1996,
(2) Target Area

While the entire MPPP is the target area, collection will be limited te the

Priority Operational Areas as shown in Fig. 1.3-1.

(3) Design Population

As shown in Table 1.3-1, the design population for 1995 is 615,700.
Population of the Priority Operational Areas is 584,300, the collection rate

will be 95% in terms of population.

Table 1.3-1 Design Population and Service Population

{persons)
PRESENT 1992 1995
{1987)
a., Design Population
-~ City ' 255,300 260,200 268,700
- Rural 304,000 326,800 347,000
Total 559,300 587,000 615,700
~ b, Service Population
- City . 255,300 . 260,200 268,700
- Rural 264,800 290,100 315,600
Total 520,100 550,300 584,300
c. Collection Rate (%)
~ City ' 100 100 100
~ Rural . 87 a9 91
Total 03 04 95
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(4) Design Collection Amount of Solid Waste

Three collection systems will be employed, i.e. for domestic waste, bulky
waste and large amount waste, Table 1.3-2 shows the design collection

amount for each system,

Table 1.3-2 Design Collection Amount

_ {tsday)
PRESENT 1992 19495
{1987)
a. Domestic Waste
- City . ' 158 173 180
~ Rural - _ : 122 144 165
Total : 280 . 317 355
b. Bulky Waste
- City - 3 6
- Rural - _ - 2 5
‘Total - 5 i1
‘c. Large Amount Waste
- City 41 46 50
- Rural -39 Y | 53
Total - .80 93 103
Grand Total 360 415 469

(5) Roads Subject to Sweeping

As Shown:in Table 1.3-3, the total road length subject to sweeping in 1995
will be 735 Km.



Table 1.3-3 Road Length Subject to- Sweeping

(Km)
PRESENT 1992 1995
{1987}
Federal Roads 68 68 68
. State Roads 280 280 280
“City Roads- - 206 T 2086 206
Newly Developed Areas o 113 181
" Total : 554 667 735

The proposed'ienqth of drain cleansing will be 1,470 Km, double of the road

length, and the proposed length of beach cleansing will be 30 Em.
(6) Design Disposal Amount

The daily disposal amount of collected waste and directly brought-in waste

will be 539 tons in 1995 as shown in Table 1.3-4.

Table 1,3-4 Design Disposal Amount

{t/day)
PRESENT 1992 1995
(1987)

Collected Waste o
- Domestic Waste 280 317 355
- Bulky Waste 0 - B 1l
- Large Amount Waste : 80 93 103
Sub-Total ' 360 415 469
Directly Brought-in 50 63 70
Waste :
Total : _ 410 478 539




(7) Design Composition of Solid Waste

The design composition of solid waste is given in the Master Plan and is

shown in Table 1.3-5.

Table 1.3-5 Design Composition of Solid'WaSté

DOMESTIC WASTE

COMMERCIAL WASTE

(1987) 1992 (1987) 1995
a. Composition (%) . |
- Paper 25,5 27.5 31.5 34.0
~ Plastic 1.2 12.1 11.8 12.7
- Rubber 0.8 6.8 0.8 0.8
- Wood 14.4 13.3 9.7 8.9
- Garbage 32.8 30,2 30.9 28.5
- Metal 2.6 3.3 3.3 4.1
- Glass 1.4 1.7 +1.0 1.2
- Stone 0.2 0.2 1.0 1.2
- Others 7.8 7.6 7.3 5.8
Total 1006.0  100.0 100.0 100.0
b. Moisture Contents (%) 55.2 54.1 53.5 52.3
c. Organic (%) 35.4 35,6 36.1 36.3
d. Ash (%) 9.4 10.3 10.4 11.3
e. Net Calorific Value
{(kecalsky) 1600 1600 . 1600 1700
£. Density (t/m3) 0.19 0.17 0.16

__10‘_



2. Prelimihary De;ign

2.1 Collgction'lmprovement'

2.1.1 Collection Methods

(1).Collectioﬁ'8ystem in 1995

The cpllection systeﬁ te be achieved by 1995 is shown in Table 2,1-1.

Table 2.1-1 Collection System to be Achieved by 1995

a. Collection Rate 95% in terms of population

Daiiy, door-to-door
3 times/Week.'dOOr-to—door
Daily, dust chute :

b. Collection Frequency - Comme;cial hreas
and Discharge Points — Residential Areas
: ~ Housing Complexes
with bulk bin

e ss We

~ Housing Complexes ' 3 times/week, station
without ‘bulk bin _
-~ Kampongs : 3 times/week, station

¢. Waste Discharge Method . Plastic Bags

d. Collection Amount - 470 t/day
e. Collection System ~ Ordinary Waste Collection
' - Bulky Waste Collection
- Large Amount Collection

f. Collection Vehicle - Grdinary Waste

:  Compactor
- Bulky Waste { Dump truck
- Large Amount Waste: Compactor and arm roll
g. Share of. Private -~ 87% in terms. of
Companies waste amount
: ' ' collected




- {2) Promotion of Discharge Using Plastic Bags
The planned methods of waste discharge are shown in Table 2.1-2. The use of
standard plastic bags for the discharge of domestic and commercial waste

will be promoted together with the introduction of 3 times/week collection.

Table 2.1-2 Waste Discharge Methods

TYPES OF DISCHARGER - DISCHARGE METHOD
Shop~houses Plagtic Bags + House Bins
Houseﬁ- Plastic Bags + House Bins
Housing Complexes Bulk Bins +-Dust Chute
Kampongs Plastic Bags + Bulk Bins

Large Amount Waste Bulk Bins or Hauled_Containers

Table 2.1-3 shows the standard plastic bag and bin sizes,

Table 2.1-3 Standard Plastic Bag and Bin Sizes

a., Plastic Bags

.

50 cm x 80 cm

b, House Bins - Fixed Type : 80 - 110 &
~ Mobile Type .: 40 - 70 @

¢. Bulk Bins s 1w

d. Hauled Containers : 10 m®

Due to the fact that collection of large amount waste is entrusted to the
private sector, bulk bins for large amount dischargers are prepared by '

consignors.
In principle, plastic bagys and_bins will he prbvided by the waste generalors

while the Council will be responsible for the provision of bulk bins/

containers in kampongs.



(3) Introduction of 3 Times/Week Collection System

The presént daily door3to~door collection service will bhe continued in
commercial areas and shopping streets in the Prbject Areas, and an efficient
3 times/week collection service will be introduced in all the residential
areas by 1995 with the cooperation of residents. This 3 times/week
collection service will be provided first in places where its introduction
appears easy and will.then be extended to all other areas as shown in Fig.

2.1-1., The order 6£ its introduction is as follows.

8. ?irst‘Step - Introduction to Model Area . Bayan Baru

(1989)
b. Second Step - Expansion to Other . Tanjung Tokong
(1989 -~ 1991) Residential Areas . Georgetown
' . Gelugor

. Bayan Lepas

c¢. Third Step _ - Expansion to Kampongs . Georgetown South
{1992 - 1995) ' . Ayer Itam
. Balik Pulau

Collection from housing complexes with bulk bin will be conducted daily as
part of the large amount collection service. Plastic bags will be used and
station collection will be conducted 3 times/week for housing complexes

where bulk bins are not provided.
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"(4) Bulky Waste Collection

Bulky waste collections will be regularly conducted t§ maintain
environmental sanitation with a collection frequency of once a month in
1995; The initial introduction of bulky waste collection will be conducted
together with the 3 times/week collection described in (3) above, and the
initial collection frequéncy will be once a week in order that residents may
dbtain a proPér'understanding of the system. Residents will be reminded to

keep the following rules in mind at ‘the time of discharging bulky waste.

a. The maximum length of items discharged is less than 1 m and the waste

should be bundled.
b. The waste should only be discharged on actual'colleétion'days.
{5) Large Amount Collection

Large amount collection will be conducted in the same manner executed at

preséent in MPPP,
{6) Collection Amount by Different Collection Systems

Table 2.1-4 shows the colleckion amount according to the different

collection systems.

Table 2.1-4 Collection Amount

_ {(t/day)
PRESENT 1992 1995
(1987}
a, Daily Collection
- Ordinary Waste 280 199 78
- Bulky Waste -~ - 3
Sub-Total 280 199 81
b. 3 Times/Week Collectionk
- Ordinary Waste _ - 125 2786
- Bulky Waste - 4 9
Sub-Total : - 129 285
c. Large Amount Collection 80 93 103
Total _ 360 421 469

* Commercial areas will be subject to daily collection.



(7) Withdrawal of Double Handling System

MPPP, in principle, employs the dﬁor—tomdoor'single handling éqllecﬁion
system, while the double'handliné'collection syséem is employed in Tanjung
Tokohg, Bayan Baruw etc. ‘The double hﬁndling systeﬁ reﬁuirés 51large number
of'héapers.for primary collection, resulting in a.high.doliection coét.r The
single haﬁdling.system will, therefore, be adopted instead, toééther'with'
the introduction of the 3 times/week collection system and diScharge using
plastie Eags. In regard to collection from kampongs with poor'accéss, _
assistant colleciion workers will be employed for each collectioﬁ“vehicle
and the residents will.be requested:to'cooperate by taking their'waste to

the collection points.

—16—



2.1.2 Introduction of Large Collection Vehicles
(1) Domestic Waste Collection

- As 2 hours are requlred for a return journey between the Pantai Acheh
.dlspcsal site and Georgetown, current side loaders can only make a maximum
of 2 trips a day, largely requ01ng the vehicle operatlon efficiency and
consequently 1ncre351ng collection costs: Howevér, collection costs will be
reduced by the 1ntroduct10n of compactors (10 m ) and’ the reductlon of
loading tlme with the introduction of the 3 times/week collectlon system and
the ‘use oflﬁléStiC_bags. Therefore, compactors will be used for coilection
in the future, with a target of 2 trips a day on.average. With regard to
vehicle size, ccmﬁactors with a loading capacity of 10 m3 will be used, as
the int:oduCtibﬁ'of 1argér vehicles than those currently used is impossible
becausexof-road'conditions. Conversion to comactor type of vehicle will
take place by 1992 in accordance with the commencemeﬁt of operations at the

Pantai Acheh dis§05a1 site,
(2) Bulky Waste Collection

Given the nature of this collection service, dump truck which does not
depend on waste size will be used despite their relatively low collection

efficiency.
{(3) Large Amount Collection

For large amount collectlon, arm rolls with large containers will be
lntroduced, partlcularly Lo the markets generating 1arge volume of waste as

at present. Compactors will be used at hotels and hou51ng complexres.
(4) Haulage Route

Most of the collected waste will bhe hauled to the PADS through Tun Sardon

" road. Teluk Kumbar road will be used as an occasional route if any damages
would arise on Tun Sardon road. In the meantime, collected waste in Batu
Feringgi will be hauled by means of Teluk Bahang road. These routes are

shown in Fig. 2.1-2.
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2.1.3 Review of Collection Zones for Private Contractors
(1) Contract Rate

At present, 87% of the solid waste is_colledted by private contrackors.
This is to be maintained.. The collection of domestic and bulky waste will
also be contracted to the private sector. In the case of large amount

collection, all works will be conducted by private contractors.

(2) Collection Zones

The present collection zones assigned to private contractors will be
expénded{ as shown in Fig. 2.1-3, on the basis of a daily collection amount
ex@ééding 30 tons with the introduction of 3 times/week collection system

and using compactor vehicles.

a. The four pfesent-zbnes in Georgetown will be divided into three;

Central, South and North zoxes.
- b, In the Tanjung Tokong/Tanjung Bungah area, the volume of waste is so
small that there will be one zone, and Batu Feringgi will be covered

by the same private contractors.

_¢. The two present zones in Ayef Itam will be combined into one. Gelugor

will remain as same of present condition,
(3) Collection Amount

As shown in Table 2.1-5, the daily collection amount by private contractors

will be 369 tons and 411 toms in 1992 and 1995 respectively.



LEGEND

Proposed Gaontoract -~ Qut Area (:(}:H

Fig. 2-1-3 Area to be Contracted out




Table 2.1-5 Collection Amount by Contract Zone

(t/day)

ZONE NO. Area - COLLECTION AMOUNT
19902 1995
1 Georget0wn {Central) 75.3 80.8
2 Georgetown {South) ‘34.8 38.6
3 ‘Georgetown (North) 68.5 76.3
4 ~ Tanjung Tokong, Tanjung 28.4 33.4

Bungah, Batu Feringgi :

5 Ayer Itam 38.7 43,7
o Gelugor 30.0 34.7

7 A1l Areas (Large Amount) 93.0 103.4 -
- Total 368.7. 410.9

As 2 result, the Cowicil's collection service will be provided in the
South-West district of the MPPP for domestic and bulky waste collections.
The collection amount will be 58.1 t/day in 1995 with a contract-ocut rate of

87%.
(4) Contract Changes

Tn view of the locations of the Pantai Acheh disposal site, the introduction
of the 3 times/week collection system, and expansion of contract zones. and
the present contract periods, the present contracts must be accordingly

changed;
It is proposed that contracts be changed on the following basis.

a. As regards zones 1L-2, 3 and 6, the present contract period will be
exténded until Pantai Acheh disposal site will be opened in 1992. As
for zones 3 and 6, contract conditions will also be changed due to

“introduction of 3 times/week collection system and a bulky waste

_collection systems.

b, As for zones 4 and 5, the éontracts will be changed in 1992, and the
zone areas will be altered together. A 3 times/week collection

system will be introduced in zone 5 after 1992.



¢. A new contract will be concluded for a bulky waste collection in 1992

when the disposal site will be moved.
The above results are summarized in Table 2.1-6.

Table 2.1-6 Change of Contract-out for Private Sector

' ' NTR 10N OF EXTENSION OF
PRESENT CHANGE OF INTRODUCTIO NEW

ZONE : 3 TIME/WEEK 'PRESENT CON-
Z CONTRACT
CONTRACT | CONTRACT ZONB COLLECTION TRACT
1 Feb, 1990 Expansion of Continuation of 2 years 1992
Zone Daily Collection
2 Feb. 1990 Expansion of Till 1992 2 years 1992
Zomne
3 Feb. 1990 Expansion of Till 1995 2 years 1992
Zone
4 {Feb. 1990} Addition of Till 1992 . ‘Hil _1992.
Extension of Batu Feringgi
Contract.
5 (Feb. 1990)  Expansion of Till 1995 Nil . 1992
Extension of Zone
Contract -
6  Feb. 1990 - Ti11 1992 2 years 1992
7 Dec. 1990 - Continuation 2 years 1992
of Daily
Cellection

2.1.5 Collection Egquipment and Manpower
(1) Collection Amount and Standard Collection Methods

Since 87% of the solid waste to be collected in MPPP will be collected by
private contractors in the same manner as at present, the Council's service
will be only Bayan Lepas and Balik Pulau area, with a collection amount of
58.1 ts/day in 1995, Table 2.1-7 shows the collection amount according to

‘the different collection systems.



Table 2.1-7 Collection Amount by the Council in 1095

(t/day)
TYPE OF WASTE FREQUENCY AMGOUNT
Domestic Waste
- Commercial Areas - Daily 6
- Residential Areas - Daily : -
- - 3 Times/Week 50
Bulky Waste - Monthly 2
Total 58

Domestic waste collection amount will vary depending on the day of the week,
i.e. 6 tons on Sundays, 81 tons on Mondays and Tuesdays and 56 tons on the
remaining days. Only some collecﬁion_vehicles will operate on Sundays while
ovértiﬁe will be' necessary on Mondays and Tuesdays. 2 trips a day to Pantai
Aéheh will be possible with the introduction of 3 times/week collection
system. The standard work for each collection systém will be as shown in

Table 2.1-8,

Table 2.1-8 Standard Work

ITEMS 3 TIMES/WEEK : DAILY MONTHLY (BULKY WASTE)

a. Type of Vehicle Compactor (18 ma) Compactor (10 m3) Dump truck {9.5 mj)
b. Loading Capacity 5 tons 5 tons 2 tons
¢. No. of Trips/Day 2 trips 1.5 trips 2 trips
d. Haulage Amount 8 t/day 6 t/day 4 t/day
e. Ho., of Workers : :

- Driver a 1 person 1 person 1 person

- Collection

Workers 4 persons 4 person 4 psrsons

- Heapers 2 persons 2 person 2 persons
£, Working Hours 7 hrs 7 hrs 7 hrs
g. Reserve Vehicle 20% 20% 20%

Ratio _
h. Reserve Manpower ' 20% 20% 20%
- Ratio
i. Fluctuation Co- 1.15 1.15 1.15

efficient of Waste

Amount

(2) Required Number of Vehicles

The required'numbér of vehicles in order to deal with the waste to be

collected on Wednesday, Thursday, Friday and Saturday is as follows:




é. Domestic Waste

—~ Required vehicles

56 t/day x 1.15 + 8 t/day/unit = 8.1 units - 9 units

- Reserved vehicles

9 units x 0.20 = 1.8 units -+ 2 units

Since the amount of wasté is big on Mondays and Tuesdays, coilection work
cap be done by overtime to éope with big amount of waste.  Sunday
collection is.likelY'to-be inefficient because of 2 unit operatidnibe
reguired even though waste amount to be cnilected is‘small.. Furthérmore,
6 units.and 3 units will be respgctivély deployed in Béyan Lepas and

Balik Pulau according to the waste amount to be colléctédf
b. Bulky Waste Collection

- Required vehicles

2 t/day x 1.15 + 4 t/day/unit = 0.6 unit = 1 unit

-~ Reserved vehicles

1 unit x 0.2 = 0.2 unit -~ 1 unit
Each unit will be deplcyed_ip Bayan Lepas.énd Balik Pulau.
(3) Required Manpower
On the assuﬁétion that each_vehicle requires 1 ariVer, 4 collectors and 2

heapers, the manpower required in 1985 is listed in Table 2.1-9, Opekation

will be led by a driver, and 3 overSéersfwill be aésigned for supervisihg.

‘..zdﬁ



Table 2.1-9 Required Manpower

(persons)
Necessary Reserved
Rumber Humber Tatal
Drivers 11 3 14
Collectors : 44 ] 53
Heapers 22 5 27
Total T 17 94

(4) Vehic}é'Putchasing Schedule

- In light of the replacement of side loaders to compactors, vehicles will be

purchased as scheduled in Table 2.1-10.

Table 2.1-10 Vehicle Purchasing Schedule

(units)

19%0 1991 1992 1993 1994 1995

Compactor

- Purchasing .3 4 4 0 0 .0
- Berapping . (3) 0 0 0 .0 0
-~ Operating 3 7 11 11 11 11

Tipper o '

- 'Purchasing - 2 ] 0 0 0
- Scrapping - (9 0 0 0 0
- Operating (9) 2 : 2 2 2 2

Note 1: ( ) means éxisting vehicles
2: This figure includes stand-by vehicles

(5) Manpower Schedule by the Year

About 200 workers are currently employed for waste collection services with

daily collection and double handling collection systems,
Around 50% of these workers will be relocated until 1995 in accordance with

the introduction of a 3 times/week collection system, as shown in Table

2.1-11,
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Table 2,1-11 Reguired Manpower by the Year

(persons)

1940 1991 1992 1493 1984 1905

Driver 14 14 14 14 14 14
Collection 53 53 53 53 53 53
Heaping 114 96 79 62 45 27

Total 181 163 146 129 1j2 94

2.1.6 Management Plan

(1) Working Time

‘A working day of B hours is set from 6:30 a.m. to 2:30 p.m.

{2) Work Load

The standard work load for domestic waste collection is 8 t/day per..
collection vehicle or 1.2 t/day. per wbrker, while the standard work load for
bulky waste collection is 4 t/day per collection vehicle or 0.6 t/day per
worker, It is a fact, however, that the actual work load declines up to 05%
hecause ¢f daily fluctuation in the waste amount to bhe colliected, and the

number of reserve vehicles and workers, as calculated below.

- Domestic waste : 56 ts/day + 11 units = 5.1 t/day/unit
56 trsday + 77 workers = 0,7 t/day/worker

-~ Bulky waste ! 2 t/day * 2 units = 1.0 t/day/unit
: 2 t/day + 17 workers = 0.1 t/day/worker

(3) Formation for Collection Work

The collection work will be conducted by 12 overseers for-private operétibns

and 3 overseers for Council's operation,
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(4) Management Plan
Waste collection services will be managed under the following plan:

- Collection route and zoning maps;

- Vehicle arrangement plan for -Sunday collection;.

- Maintenance schedule for. collection vehicles;

- Assignment schedule of workers;

- Daily and-moﬁthly role call records:

- Maintenance records of each vehicle;

~ Daily and monthly récbrds of operation for each vehicle;
- Daily and monthiy work load of each vehicle;

— Record of claims and transactions.
(5) Rules and Standard

Rules and standards should be prepared in order to encourage public

cooperation.
- Waste discharge

- Illegal dumping

- Fee collection



2.2 Cleansing Improvement
2.2,1 Cleansing Method

{1} Cleansing System in 1995

The following improvement measures for c¢leansing work will be implemented in
Phase I.
a. Introduction of weekly cleanSing in residential areas.
b. Mechanization of the sweeping of main roads and grass cutting.
¢. Introduction of team work.
The cleahsihg system and subject length are shown in Table 2.2-1.
Table 2.2-1 Cleansing System and Subject Length
( km)
" PRESENT ’
1987 1992 1995
a. Road Sweeping _
- Daily 554 328 7 128
- Weekly (Manual) - 208 183
- Weekly (Mechanized) - 124 124
Total 554 ' 660 735
b. Drain Cleansing
- Daily 1,108 : 656 ' 256
- Weekly - 664 ' 1,214
" ¢. Grass Cutting (Monthly) 1,108 1,320 : 1,470
d. Beach Cleansing (Daily) 30 : 30 30




{2) Introduction of Once~a-Week Cleansing System in Residential Areas

Oﬁcema-week ¢1éansing system will be introduced in residential areas
together with the introduction of the 3 Limes/week collection system. In
view of the facﬁ that cleanéiﬂg work is currsntly conducted by 1,150
workers, tﬁe ohce;a—ﬁeek.cleansing system'will be gradually implemented, as

shown in Table 2.2-1, to avoid a drastic cut in manpower.
(3} Mechanization of Cleansing Work

Mechanical sweeping of main roads currently conducted in MPPP will be
continued in the same manﬁe:. While grass cutting is currently conducted
manually together with drain cleénsing, mechanized grass cutters will be
introduced to improve'workfefficiency,'and each worker will be provided with

a cutting machine which can be carried by hand.

(4) Introduction of Team Work

in principle, a weekly street sweeping and drain cleansing by team work
system will be introduced. in residential areas. Streets in markets and

commercial areas will, however, be swept daily. A sample system of team

work for standard residential areas is as follows:



Total Area to be assigned for a team ;- 180 ha

Total Street Length : 36 Km

Number 6f Househoids =. 9,000 households
‘Street LéngthISubjedt to Daily Sweeping ¢ 3.6 Km

Street Length Subject to Weékiy Sweeping ;7 32.4 Km

Drain Léthh'Subjéct to Cleansing - : 72 Km
Grass Cutting Length : 72 Km
Manpower - Daily Sweeping 3 4 persons

- Team Sﬁeepinq 18 persons

e

—~ Grass Cﬁtting H 4 persons
; Mandor HE 3 persons
- -Qverseer : 1 person'

Total t 30 persons

A total of'14 teams will be required to cover all'residential afeas_and each

" team will comprise 30 workers for cleansing in their assigned area.

2.2,2 Egquipment and Manpower

The main equipment for cleansing work will be mechanical sweepers, trucks
and grass cutting machines, and the required number of equipment in 1995 is

as follows:

a. mechanical sweepers : 1 unit + 1 unit (reserve)

b. trucks

-]

units (1 unit for each district)

¢. grass cutting machines : 74 units {1 unit for each worker)

The required manpower is as shown in Table 2.2-2.

30—



Table 2.2-2 Required Ménp0wer

(persons)
*. WORK- ITEMS . TOTAL No. aF
S LENGTH WORKERS
a. Worker
-~ Street Sweeping
- % Daily. 128 Km 147
*“Weekly 483 Em : 81
% Mechanized 124 Km 6
— Drain Cleansing 1,470 Km 245
- Grass Cutting 1,470 Km 74
- Beach Cleansing 30 Km 41
- Reserve : - ) 119
b, Mandors - - ' 71
Total - 784

2.2.3 Management Plan for Cleansing Works
{1) Working Hour
Daily working schedule is from 6:30a.m. to 2:30 p.m.
(2) Work Standard
a. Street Sweeping
-~ manual .t 1.2 Km/worker/day
~ mechanical : 20 Km/vehicle/day

b. Drain cleansing : 1.2 Km/worker/day

¢. Grass cutting : 0.5 Km/worker/day



{3) Management System

cleansing services are provided by the Council in 8 cleansing zones and 8

waste éollection mones with an independent team for mechanical street

sweeping,

Cleansing works are controlled by means of providing several planning maps

with working schedule and records as follows:

a. Maps of roads and streets to be swept;

b. Route'maps for mechanical sweeping;

c. ZOnihghmaps for_éleansiﬁg works:

4. Daily wofking schedule for cleansing works;

e. Purchasing schedule for.equipment and tools:

f. Role call record - 1nclud1ng aovertime work: _ _

g. Operation and maintenance records. of equipment and vehlcles.
h.'ﬂorkzng records by work and zone;

i. Record of complaints.
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2.3 Final Disposal Site at Pantai Acheh
2.3.1 Planning Conditions.
(1) Basic Policy

The basic policy for the preliminary designs regarding Phase I project has

been conceived of and is arranged in the following,

a. An adequate landfill volume exists,

b.'The desxgn approprlately pertains to the topography. geology and
-surroundlng environment,

c. The:ﬁaste disposed of at the site is to be harmless and stabilized
'qulckly._- _ _

d. Durlng and after completlon of the fllllng, the area does not become a
pollution outbreak source.

e.'ﬁﬁring and after completion of the £illing, safety from disaster is
guaranteed.

f. The completed site will ‘be of a configuration harmonious with the
surrounding envxronment

g. Throughout and after completion of the f;lllng, the operation and

malntenange costs will be kept low.
(2) Designed‘Landfill Volume
a. Conditions for Estimation of Landfill Volume
i. Landfill periods . 1992 - 1996 (Phase I)
.ii. Unit weight of.waste disposed: 0.8 t:/m3

(after compaction}

iii. Cover material ¢ 30% of the waste volume
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b. Designed Landfill Volume

The designed 1andfi11 volumes for the Pantai Acheh disposal site within

Phase I, II and 1II are listed below.

Table 2.3-1 Designed Landfill Volume

. PADS

— : : REMARKS
L uNIT PHASE I PHASE IX & IIX . _
Disposal Amount = t/day 560 770 Phase 1. 1996
' Phase II & III
1997 - 2005
Cumulative 1,000 t 950 2,159
Disposal Amount ' ' C o
Cunulative 1,000 m? 1,188 3,949  Specigrav.
Disposal Volume : 0.8 t/md
© Cumulative 1,000 m? 356 1,185 ~ 30% of above
Cover ' ' _ volume '
Material
Cumulative 1,000 m? 1,544 5,134

Landfill volumes




(3) Topography and Geology
a. Topography

The site 'is leocated on the northwest side of Penang Island, as a flat

marsh along the c¢oast.
b. Geology

Characteristicé of'mariﬁé clay _

Labor?tdrf'tesﬁiﬁg on selected_soii'sampiES has been performed tq.
évaluate the éﬁgineering parameters of the subsoil encountered. Based on
soil téStinq,'fhe'chéracteristics of marine.clay are summarized in Table

2,3-2, and geological profile is shown in Fig. 2.3-1.

gable 2.3-2 Characteristics of Marine Clay

ITEMS ' UNIT = - CHARACTERISTICS

- Natutal Moisture Content % &0 - 100
- Bulk Density : t_on/m3 1.5 - 1.6
- Spécific gravity . 2.4 - 2.6
- Atterberg’ limit
* plastic limit % 25 - 40
#* Liguid limit % 47 - 70
- Permeability coefficient cm/sec 10~6 - 10-7
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"2.3.2 Facility Design

{1) Facility Lay-out

a. Bagic Considerations’

The basic considerations for the facility lay-out are as follows.

[

[
e

i

-
.

(=
.

Ve

The design is to smooth the execution and transitions in the work

from Phase I through to Phase III.

Regarding the surrounding land use conditions, the consideration
is that each facility casts no bad effects on the local area.

The on-site roads/or 1andfil) flow are to be uncoinplicated and

"harmonious.

The administration facilities are to be erected near the entrance
of the disposal site for full supervision of the waste collection
vehicles. ' '

The leachate circulation facilities are to be placed as far away

‘as possible from residential areas.

b. Facilities to be Constructed

[

[
"

Main Facilities
- Enclosing Structure
- Drainage system

- Agcess

Environmental Protection Facilities
- Buffer zone _

-~ Litter proééction facilities

-~ Gas removal'facilities

- Leachate collection facilities

- Leachate circulating facilities

~ Leachate outlets

‘- Monitoring facilities



Building and Accessories

[
[
[

~ Site office

- Weighbridge

-~ Storage building

~ Safety facilities

- Fire prevention facilities

- Other
¢. Lay-out

‘The lay-out of the major facilities for PADS is planned as shown in

Fig, 2.3-2.
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(2) Main Facilities
a. Enclosing'structures

i. Enclosing bund

Since the disposal sité.is_locatéd on flat land, enclosing bund will
be Eqnétructed ear;h7for the prevéntién.of'réin water invasion and the
guarantee of the desighed landfill volume. '

The enclosing bund is designed at 5 m height. The top of the bund,
functioning as the'on—site:roéd and the adminisﬁ;ative roéd, is of a 4
m width and a éf&#él pavement. . . _'

Land sliding and settlement were examined based on the geological data
for safety and tybical ¢ross section is détermined as'éhown in Fig.

2.3-3.

tl : iL Final'bover

0.5

gtgqgg_Level.

Estimated Settlement Level

TYPICAL CROSS-SECTION OF AN ENGLUSIHG BUKD

Fig., 2.3-3 Typieal Cross Section of Enclosing Bund



ii. Divider
The divider 'is constructed within the enclosing bund so as to reduce
the leachate quantity generated and achieve efficient landfill

operations.

The divider is constfucted by imported soil and a typical cross

section is showm in Fig. 2.3-4.

Fig. 2.3-4 Typical Cross Section of Divider
b. Drainage Systems

i. The purposes by drainage system

The purposes by drainage system are as follow:

Elimination of rainwater inflow from

~ Surrounding Drain
outside of the landfill site.

(2]

- On-site Drain Elimination of rainwater from the

non-landfill site:partitioned-off by

.the divider within the enélosing bund.

-~ Drain for Récléimed Area: Elimination of rainwater inflow after
' the completion of the landfill

operations.



-ii. Design conditions : .

The drainage system is designed in accordance with the “Urban Drainage
Design Standards and ?rocédures for Peninsular Malaysia®. _
Designed discharge by drain system will be calculated by the'unit

discharge per ha as shown in Table 2.3-3,

Table 2,3-3 Designed Discharge

o RETURN UNIT .
DRAIN SYSTEMS PERIOD . QISCHARGE ) REMARKS
(year) (m3/sec/ha)

Surrounding 2 0.064 Rainfall duration is

Drain / / one hour
5 0.078 '
On-site Drain 0.5 0.167 Rainfall duration is
' 30 min.

Prain for 0.5 . 0,150 - ditto -
Reclaimed Area L .

e

ii, Design of drainage systems

1} Surrounding drain
The typical cross section of a surrounding drain is

~illustrated in Fig, 2.3-5.

Side Bitch

I 5.0

Oa-site Road E TB i : « - Fina}l Cover’ , o

50 . . 16 ¥aste

&0

| | ( |
Ground Level : . ] i

Estizated Settlement Level

%
|

1— farth drain

Fig. 2.3-5 Typical Cross Section of Surrdunding Drain

g



2) On-site drain
Since the ground is composed of marine clay, an unlined drain
.érea is installed.
The ‘drainage From the inside of the enclosing bund to outside

is discharged by gravity flow as shown in Fig. 2.3-6.

3) Drain for reclaimed area
This drain is established after the completion of the final
covering. Rainwater is discharged outside of the enclesing

buﬁd.

i ..5;.0 |

Intet Cuttet

Enclosing Bund

. o Surrounding Draiv
Oo-site Drain

li o . 25.00 _4

Fig, 2.3-6 Drain Outlet Profile
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¢. Access

i. Approach Road

This road will link the disposal site to the public road.

The road will be wide enough for two-way t;affig with a carriageway of
& m width paved by asphalt concrete. ‘Typical cross section is shown -

in Fig. 2.3-7,

s

Fig. 2.3-7 Typical Cross Section of Approach Road

ii. On-site Road
The typical cross section of on-site road is shown in Fig. 2.3-8, .

The road width is to be 4 m with gravel paved at a thickness of 30 cm.

Gravel Pavexent 0.0 -
(0-49) =W ’

Fig. 2.3-8 Typical Cross Section of On-site Road



iii, Rebqnstruction of the Existing Bridge
Existing bridge located in the vicinity of Kampong Bukit Kechil, it

will ' be reconstructed with 6 m width and 15 m length as shown in Fig.

2.3-9.

PROFILE - l___-A

. 15.00

B

6.00

Fig. 2.3-9 Bridge Reconstruction Profile
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(3)'Environmental Protection Facilities

The facilities are for the prevention of primary and secondary pollution out

break during and aftaer dompletion of landfill,
a. Buffer zone .

From environmental view point, a part of the existing Mangrove forest

should be used as a buffer zone, which will have a 50 m width.
b. Litter Comtrol Facilities

There looms the inevitability of litter scattering during'the landf£illing
operations before the. cover materials has been placed. As a means of

prevéntion, a movable fence to catch flying litter will be installed.
c. Gas Removal Facilities

As for the out break of gas in landfill sites, qushihg and exhaust are
commen at the weak points on the boundary surface between landfill sites

and surrounding structures,

In order to prevent disasters such as_fires:and:odbr disseémination by
unexpected gushing, gas removal facilities by evacuation are to be

installed.

The waste characteristics, stratum thickness and operational conditions for
the design conditions of the gas removal facilities by evacuation are'thg

following.



:1) waste type «....v0vvv00iaen. municipal waste
2) landfill layer thickness ... approx. 6.6 m
3) operational conditions ..... the iandfill site area is at 24 ha at

PADS, with a divider occupying 2-3 ha.

Based on ﬁhe ébove‘éonditions, during landfiiling operations the individual
gas evécuation'method is followed and after the completion of landfill, from
the'point of view of safety and control, the collective gas evacuation
méthod is followed by connecting individual verﬁical éhafts with a

horizontal shaft.
An outline of the'gas removal facilities is shown in Fig. 2.3-10.

3 to 4 gas removal facilities will be proposed per hectare. Cover material
is most important, as it is necessary not to leave waste exposed over a long

term.
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Leachate Collection Facilities

"i. Purpose and design flow

The purpose of these facilities is

1) to discharge to retention pond

2) to reduce the leachate head (pressure) in the landfill

3) for the expansion of the aercobic area in the landfill layer by

their {leachate collection faéilities) connection to the gas

removal facilities

The'follbwing is a flowchiart on the design of

facilities.

the leachate collection

‘landfill site
(divider)}

decision on area of

calculation of
rainfall amount

|

T

calculation of
leachate wvolume

decision on leachate
collection facilities
‘dimensions :
(drainage slope)

decision on leachate

| drain pipe dimensions

(drainage slope)

Fig. 2.3-11 ”besign Fiowchart of Leachate Collection Facilities
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ii. Area of landfill site

The study done on the area in relation to the divider is described as

follows:

Rainy season (Jul. - Nov.) 2.0 ha

Dry season {Dec. - Jun.) 3.0 ha
jii. Calculation of Leachate Volume

The leachate volume in the month of the largeSt_average rainfall is

calculated as follows.

3
Site Leachate volume {m /day)

PADS 188
iv. Decision on dimension of léachate collection-fadilities

As collection facilities, gabidhs are constructed of which the

dimensions are shown in Fig. 2.3-12.

Branch

Fig. 2.3-12 Leachate Collection Facility Dimensions



v, Leachate Drain Pipe
The - leachate drain pipe diameter is selected to bé 0.30 m, The
leachate 'is drained to the leachate collection facility situated

within the site:

Finally ‘it is discharged out into the retention pond through drain

pipe.’
o Leachate
I ] “! Drain Pipe
Leachate .
Collecti g . £3 Retention
N -'.]"cno‘", Enclosing Bund . l t * Son
Facilities ' i

.

3a.0 I

lss o,,‘.u ."J, \?-C 5
SR | R S RSy e ey
5.0 - .

Fig; 2.3-13 Leachate Drain Pipe



e. Leachate Circulation Facilitles

The 1eachate circulation faciltt;es are establlshed in the thlrd lavel
of san;tary landfill development and operatlons which is the prestage
.of the fourth level where leachate treatment is establlshed., With the
1eachaLe c1rculat10n facilities, some purlflcatlon by disposed waste
and cover materials at the dlsposal site can be achleVed. Leachate
control and monitoring system are establ:shed. offering valuable data

on the quality and guantity of leachate.
i. Design flowchart

The design flowchart for leachate circulation facilities is shown in

Fig- 243‘141

| Designed

leachate me
volume

e e e e e . .
{| becision of Leachate}, Estima- Environmental
I| regulation | _|ecycling | _}tion of »| Dmpact
N & retention “pump M 11eachate assessment
I pohds volume design | quality {study by EIA)
gt = | g—d

Designed Y

leachate g Discharge

guality ' | quality

' standards

{Topd&}aphical, geological conditions]

Fig. 2.3-14 Leachate Circulation Facility Design Flow chart



ii. Design conditions

- 1) Designed leachate volume : 188 malday
2) Leachate guality estimation : BOD 1,300 g/ L
o COD 1,500 mg/h

{ii. Leachate circulation facility design

1) Decision of regulation and'retention ponds capaéify

Both tegulation and retention ponds afe to hold leaéhate
Vtemporarily. Because the volume fluctuates, depending on rainfall,
- each poﬁd is to be big enough to hold 10 days' volume of the

largest monthly rainfall. The capacity of both ponds is shown

“below.
ITEM. - RETENTION POND REGULATION POND
necessary capacity (m?) 1,880 1,880
water depth (m) _ 1.0 - 1.0
pond area (m?) ; ' 1,880 ' 1,880

2) Leachate circulation pump
The immersed pump has a mouth diameter of 50 mm and an out-put

~ power of 57.5 kW.



iv. Effluent leachate guality estimation

Dilution and purification rates of leachate in terms of BOD and COD

are as follows:

- BOD s 40%
- COD : 20%

The estimated final leachate qﬁality will be as follows:

- BOD ¢ 800 mgsQ
- COD 3 1,200 mg/R

As for heavy metals within leachate, from the observation data during-
landfiliing-opérations at minicipal disposal sites in Japan, Hg and ca
were hardiy.fdund. The'teaéon is that waste disposed of was municipal
‘and nOt'industrial one aﬁd:also, soil absorption occurred by covering
6pefations. Howevér; Fe and Mn,=in'aﬁéer0bic conditibns where
leaching_was known, were found. Howéver,'within this'&esign,-heavy

metal treatment is not considered necessary.
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f. Leachate effiuent Facilities

It is suggested by Pre-EIA that a leachate efflﬁent‘outlet from: a .
retention pond should bhe set up in the sea (LWL shOuld be deaper than
50 Ciit, ) out of the lagoon and mangrove forest so as not to have effect on

fauna which lives in the lagoon and forest.

i. Desian condltlons
- Designed effluent volume, 1,880 ms
- Bffluence time H dlscharge every 5 days, in operatlon
.10 hrs, a day.-

~ Velocity in Pipe 3 approx, 1 m/sec(to avoxd Sedlmentatlon)
ii. Pipeline

3a outline of the pipeline is shown below.

- Pipe type : Steel pipe

~ Diameter s 0.15 m

- Length ' ; 1,000 m _

- Installation ; 1 m under the seabed as.shoﬁn below

Sea Bed

Lo0

Fig, 2.3-16 Pipe Installation Profile



iii. Effluent outlet

In order not to be ‘clogged by inflowing sand, the outlet is designed
to be placed above sea level. The effluence outlet structure is shown
in Fig. 2,3-17.

Pr .ﬂle n.f Bffluont U.utlut Cross-Ssction of Effluent Outlet
o

SR s g ok Tiee

Bigh Tide \/
SN {5 | Y S JUS P P P B | Y L S S PV (P
th*ﬂw Sea Bed zmmrome — s Sea Bed

T

Leachate Drain Pipe

Timber Piles

|1 ' Tigber Piles

Fig. 2.3-17 Detail of Effluent Outlet

=57 —



iv. Leachate circulation pump

The design calls for an immersed pump with a mouth- diameter of 40 mm

for output power of 57.5 kW.
g. Monitoring Facilities

The monitoring facilities are to be monitoring wells constructed in order

to monitor groundwater quality.
~{4) Buildings and Accessories

a. Site office
This will be established for administration of the site such as the
weighing of waste and the monitoring of hygenic cownditions for the

: . -2
employees. The floor area is about 120 m .
b. Weighbridge
Incoming waste must be weighed for proper operations within the disposal
site. One weighbridge is to be constructed at the site. The weighbridge
consists of a load-cell scale, a 4-point support system, a digital '
counter (separated from the main body), an wndergrownd system and a
weighing capacity of up to 30 tons, .

c¢. Fire prevention facilities

A fire extinguisher and reserve water pond are assured for the site

office and other facilities for the prevention of fire,
d. Storage building

A storage building is to be constructed at disposal'sité for repair of

landfill and other equipment.



e. Others

In order to prevent anyone from illegally entering the site, a gate and

fence are to be constructed. Flashlights will also be provided for the
quard.. '

A parking lot will be constructed for visitors and the staff.

In order
to prevent dirtying of public roads by collection vehicles, a car wash

ﬁill be provided.
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Fig, 2.3-18 Car Wash



2.3.3 Operation and Maintenance Plan
(1) Landfill Plan
a. Basic Policy

The following hasic poiicy is sustained for the preparation of the

landfill plan.
i, Solid wastes are spread and compacted sufficiently.
ii. The scattering of solid wastes is minimized.
iii. The diffusion of offensive ordor is minimized.
iv., Stabilization of wastes as early as possible is arranged.

b. Landfill structure

Regarding landfill structure, the semi-sercbic landfill method is

selected.
¢. Landfill method

In order to protect the surrounding environment, the cell method should

be applied.
d. Caover Materials

The cover material is to be placed in the manner shown in Fig, 2.3-19 and

the thickness of each covering is as follows,

- daily cover material - _ - 20 cm thick

- intermediate cover material 30 cm thick

'~ final cover material 60 cm thick

Accordingly, the cover material will be placed in a 30% ratio to the

disposal volume of waste.



S

___—TFinal cover

- — Intermediate cover

¢4_{< ///.{f/f///_(/,r,:, -

~Daily cover

Fig. 2.3-19 Covering by Cell Method

The following cover materials are required, because of their appropriate

qualities.

-~ daily cover material: sandy 5011 for good ventilation

_ intermediate and final cover material; clayey silt of a small

permeability coeff1c1ent, and for good vegetation in final cover.

e. Landfill equipment plan

i, Content of the work

The contant_of the work for the landfill

follows.

equipment is summarized as

WASTE HANDLING

COVER MATERTAL
HANDLING

OTHER

pushing {(moving)

excavation

levelling (site access
road & unloading site

loading, hauling,

erushing site maintenance
spreading and
levelling

compaction compaction



ii. Equipment selection

The following equipment is selected for efficient landfill operations

and maintenance.

1) Bulldozer _

For leveling.and compacfion of waste and cover material, a
bulldozer excells in leveling and compaction of waste and cover
material and has various other uses. A bulldozer for swamp use and

_of a 21-ton class weight is to be selected.

2) Back hoe (Hydraulic excavator) _
For drain excavation, a back hoe is inferior in loading capacity to
a crawler-loader, but is excellent in excavation, in which a

bulldozer is.inferior.
iii. Selection of number of equipment
1) Bulldozer (21-ton class)
According to the 1996 daily landfill estimations, 3 bulldozers will

be necessary.

2) Back hoe (Hydraulic excavator)

Principally for drain excavation, one will be necessary.



£. Lahdfilling operations

The landfilling operations are outlined in the following.

il

[
[

iij.,

vi.

The waste is dumped at places Qirected to the driver by the staff.

The dumped waste is spread and crushed by a bulldozer forming a

thin layer with 1:3 slope for sufficient compaction.

After the completion of the compaction, the covering operations

will be performed on a daily basis by the cell method.

Intermediate cover material will be laid on the first layer of

landfill when it has extended as far as the divider.

A second layer of landfill will be laid on the intermediate cover

material, extending to .the divider.

Final cover material will be laid on top of the second layer of

landfill.

A divider, gas removal facilities and leachate removal facilities
ﬁill_be constructed in the adjacent area for the following

landfilling operations.

g Landfill plan

This is summarized in the following.

i. Divider

The divider should be constructed on a small scale during the rainy

seaéon.(Jﬁiy - Nov.) and on a large scale'during_the'dry season {(Dec,.

—_Juné)-fbllowing the increase and decréase of leéchate. The divider

should always be constructed directly adjacent to the soon-to-be

complated landfill area.



ii. Construction work

Private contractors will perform the comstruction of the following. .

f

divider

jeachate collection facilities

£

. - gas removal facilities
_ on-site road
- ditch

iii. Configuration of completed landfill area

To insure the immediate discharge of rainwater on the completed area,

the following work will be completed by the MPPP.
© - leveling _
- temporary drain coastruction
¥ main ..... concrete lined
* branch ... unlined

iv. Procurement of cover material

The cover material will be procured by a bidding process involving

selected suppliers.
(2) Facility Maintenance
a. Qn—site maintepance'
i. On-site and approach roads

The on-site road is to be repaved with gravel and compactéd and the

approach road, with asphalt, to aveid any problems for vehicles,



ii. Fire prevention measures

Fire-fighting sand (cover soil will be applied for this purpose) and a
water-#ﬁfinkler truck with fire-fighting puﬁp will be used to cope
with_any.unexpected:fire in the disposal site. Furthermore, daily
covering operations will bé carried out concurrently so as to prevent

fire from occurring,
iii. Sanitation control

The most effective sanitation control is to carry out daily covering
operations by the cell method, and it is important to prohibit solid
wastes from being exposed and standing water from being produced.

Ohly when absolutely needed should insecticides be used and only very

sparsely.

iv. Waste scattering prevention

A fence will prevent waste from scattering outside the site, in
addition, scattered waste within the site will be constantly checked
and collected. ;

v. On-site maintenance (equipment)

The following is neceésary equipment for effective on-site maintenance.

- Disaster prevention .... Water sprinkler truck

- On-site patrol ......... Inspection vehicle
b. Main facility maintenance

The main Facilities must be maintained in top condition as one breakdown

could affect all, resulting in mass -damage.
i. The bund must be checked for any breaks or holes.

‘The drainage system should be constantly checked and cleaned out

as it can be stopped up by sand, leaves, weeds and other objects,

f65*



iii. The leachate volume should be checked daily. In case of sudden
increase or decrease} thé leachate collection-facilities could
bécoﬁe stopped up and cause leachate to diScharge outside the
landfill site. Also, the existence of springwater in the

landfill site should be investigateﬂ.
¢. Equipment Maintenance
In order to perform proper_maintenance for effective operations, if
problems are discovered during periodidﬂinvestigationﬂ they should be

analyzed and equipment. should be repaired, by only skiiled mechanics,

Necessary spare parts should be kePt in stock.

da. Hygiene and Safety control
i. Hygiene control
Periodic health check-ups are perfdrmed and medicine is giveh for any
possible accident. In addition, the staff will possess full knowledge
of hospital loccations and access to go in case of any emergency,
ii. Safety control
In order to prevent fire caused by carelessly thrown cigarettes,'a

measure such as a no-smoking ruie should be put into effect at the

landfill site. The staff will be well educated on disaster prevention.



(3) Envirommental Monitoring

In the process of carrylng out landflll work, the staff should prepare a
monltorlng (or superV151on) plan, whlch includes water gquality inspection
. and control of solzd waste- ~scattering, in order to conserve the
environmental condltlons of the final disposal site.

a. Water Quality Monitoring

The following monitoring methods shall be effected.

i. mohitoring 6f groundwater by the monitoring well

e
.
.

monitoring of surrounding drain surface water

mopitoring of reténtion and regulation ponds leachate:

e
ke
e
-

ein
N

monitoring of leachate at the effluent pump and at the effluent

outlet.
b. Waste monmitoring

i. monitoring of direétly hauled waste by genefators themselves, in
particular, checking of unacceptable industrial waste by refering
to the scheduled waste inventory 115t from the DOE survey on
1nduer1a1 tOx;c waste,

monitoring of scattered waste outside the site,

"
[20
.

[
s
e
.

monitoring of illegal dumping.



2.3.4 Ultiméte Use

(1) Basic Conditions on Ultimate Use

There are the

the completéd

- problems

~ problems

following basic considerations concerning the ultimate use of

landfill sites.

related to settlemént

related to gas generation

- maintenance of comﬁleted landfill site

(2) Ultimate Use Plan

Due to settling and gas problems, cbnsﬁructioh'of buildings on completed

landfill site

is not recommended for at 1east5u§ to 'a certain amount of

years (over 15 years). Tbus, the construction of a park for the surrounding

inhabitants is recommended due to the following reasons:

a great contribution. to the surrouﬁding residents,

- in barmony with the existing landscape,

-~ compatible with the surrounding land use,

~ one of the least expensive'methods of land use.

Fig. 2.3-20 shows an éxample of the ultimate use of PADS.
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3. Cost Estimation

The investment and oﬁeratidn costs were estimated on the basis of 1987
prices by adding the cost of each facility and equipment. The unit prices

used in the cost estimation were obtained from following sources:

- construction cost : Kerajaan Malaysia (JKR)

- Purchasing cost of eguipment/machinery : relevant studies

3.1 Investment Cost
{1) C€ollection and Haulage

Investment cost for collection énd haulage co?ers'ﬁhe purchasing of the-
collection vehicles required for the Council's service in 1995. Investment
cost amounts to M$i.8 million as'Shown'in'Table 3.1-1,  As the.vehicles have
a life expectancy of 7'years, there will bé'no_replacement demand pricr to

1995,

Table 3.1-1 Investment Cost for Collection and Haulage

(M$1,000 in 1987 price)

VEHICLE TYPE UNITS ~ INVESTMENT COST

Compactor oAy 1,650
Tipper o2 _ 160
Total 13 - 1,810

(2) Cleansing

Investment cost for cieansiﬁg improvements covers the purchasing of
mechanical sweepers, trucks and grass-cutting machines, andtamounts to M§5l.3
million as shown in Table 3.1-2. The replacement demand is not taken into

account for the investment cost.



Table 3.1-2 Investment Cost for Cleansing

(M$1,000 in 1987 price)

ITEMS UNITS INVESTMENT COST

Trucks 8 640
Mechanical Sweepers 2 500G
Grass Cutting Machines 64 148

Total . 1,288

{3) Disposal

Investment cost for disposal site consists of construction and equipment

purchasing costs, and amounts to M$5.1 million as shown in Table 3.1-3.

Table 3.1-3 Investment Cost for Disposal Site

{(M$1,000 in 1987 price)

ITEMS INVESTMENT COST

- Construction
- Site Preparation . 495
- Main Construction Work 2,270
- Pollution Control Facility 383
- Auxiliary Work 430
Sub-Total 3,578
Equipment Purchasing ' 1,503
Total 5,081

{4) Total Investment Cost

Total investment cost amounts to M$8.8 million including engineering fees,

physidal contingency and price contingency as shown in Table 3.1-4.



Table 3.1-4 Total.Investment Cost

(M$1,000 in 1987 price)

ITEMS INVESTMENT COST = REMARKS -

Collection 1,810

Cleansing 1,288

Disposal ' o _ '

~ Construction Cost 3,578

- Equipment Purchasing Cost = 1,503

Sub-Total ' _ 8,179

Engineering Fee 179 3,578 x 0.05

Physical Contingency . 358 3,578 x 0.1

Price Contingency S 131 (8,179+179+358)
x 0.015

Sub-Total _ ' . 668

Total 8,847

=72



3.2 Operation Cost

Operation cost consists of the depreciation cost and the operation/
maintenance cost which includes costs for fuel, peréonnel, contracting and

management, etc.

The depreciation cost was caldulated by dividin@_facility and equipment by
their lives, taking the reéidual value into considerétion. The maintenance
cost was calculated by mulfiplying'the construction/procurement costs by
specific rates, The fuel cost was calculated on the basis of a standard

:unit of consumption.
(1) Collection aﬁd ﬁaulaqe

The annual operation cost of collection and haulage will be M$l.4 million i=n

1995, as shown in Table 3.2-1,

Table 3.2-1 Annual Operation Cost of
Collection and Haulage (1995)

_(M$1,000 in 1987 épice)

ITEMS ANNUAL, OPERATION COST

 bepreciation 233
Maintenance 217
Personnel 730
Fuel and Others : 218
Total 1,398

(2) Cleansing.

The annual operation cost of road sweeping and drain cleansing will be ME5.4

million in 1995, as shown in Table 3.2-2.



Table 3.2-2 Annual Operation Cost of Cleansing {1995)

(M$1,000 in 1987 price)

ITEMS ANNUAL OPERATION COST
Depreéiatioﬁ : 200
Personnel ‘ _ 4,953
Fuel, Maintenance 248
and Others )

Total 5,401

{3) Disposal Site

The annual operation cost of the disposal site is estimated to be MEL.8

million in 1995} as shown in Table 3.2-3.

Table 3.2-3 Operation Cost of Disposgl.site {1995)

(M4$1,000 in 1987 price)

ITEMS . ANNUAL OPERATION COST

Depréciation : .

- Disposal Site Facilities 588
- Eguipment _ : 193
Maintenance o 174
Personnel "153
Fuel, etc. _ . 643
Total ' : 1,751

(4} Contracting to Private Sector

Private contractors are to be used only for collection work in MPPP. The
cost of contractors is estimated to be 10% lower than that of work managed
by the Council. The estimated cost will be M$9.0 million in 1995,

{5) Administrative Cost

Administrative cost is expected to reach M$1,1 million in 1995.

e I



(6) Total Operation Cost

The total operation cost in 1995 is shown in Table 3.2-4, baged on the above

estimaﬁion.
Table 3.2-4 Total Operation Cést in 1995
(M$1,000 in 1987 price)
ITEMS DEPRECIATION MAINTENANCE FUEL, ETC. PERSONNEL  TOTAL
Collection ' 233 217 218 730 1,368
Cleansing _ 200 - 248 4,953 5,401
Disposal 781 174 643 153 1,751
Contractors - : - 9,003 - 4,003
Administration - : - - 1,074 1,074
Total _ 1,214 391 10,112 6.910 18,627

TG



4, Organization, Privatization and Fee Collection
4.1 Proposed Scheme for the USD Responsible for SWM

(1) Organizational Scheme

An organizational scheme, as shown in Fig. 4.1-1, is proposed for the new
Urban Service Department of MPPP. The organizationﬁl schemé of the UsD
proposed below is one that can be implemented imnediately by deploying the

existing cleansing personael.

e
Director

DEVELOPMENT UNIT

- T
]
RESEARCH & i

Cleansing SuperintendénFJ

CLEANSING CONTRACT | CAMPAICGN &
SERVICES MONITORING ENFORCEMENT
SECTION SECTICON ' SECTION
(PHIS) {Sr. PHI & (Sr. PHI &
PHI) PHI)
U — N
DISPOSAL o NIGHT-SOIL . ADMINISTRATION
SECTION MANAGEMERT | SECTION _
: SEC . ' :
{PHI) TION (Chief Clerk)

{PHI)

Fig. 4.1-1 Proposed Organization of the ﬁSD for MPPP

Note:
1) Responsibilities of the Cleénsinq Services Sectiom will include
street and drain cléansing as well as collection and haulage.
2) Positions shown below the names of.sectioné indicate ﬁhe heads of
these sections. Aétual‘apﬁointments, however, should be made based

upon the merits of individual persons.



{2) Manpower Scheme

Personne} requirements projected for 1095, according to section and position,

are shown in the Table 4.1-1.,

Jis about two third of the present manpower size.

In total 1,056 perscons will be required which

Almost all personnel

deployed from Health Dept. and Engineering Dept.

Table 4.1-1 Proposed Number of Personnel According to
Section and Position (19095)

can be

QVER-
_ - SEER
PHI TECH & DRIVER
NAME OF SECTION & & Jr. & MANDOR LABORER TOTAL
ENG Jr., TECH OPE
CLE &
CLE
1. Cleansing Services 4% - 36 24 . 71 783 918
- Collection 14 - .80 94
- Cleansing 10 71 703 784
2. Contract Monitoring 2 - 3 - - - 5
3. Campaign & Enforcement 2 - 8 - - - 10
4, Disposal 1 2 3 4 - 4 14
5. Night Soil Management 1 - 6 - 5 84 96
6. Research and Development 2 ~ - - - - 2
7. Administration - 1 - - - 10 11
Total 12 3 56 28 76 881 1,056

# A director is included in this category.

Abbreviations:

PHI H

ENG t Engineer
TECH : Technician
Jr, CLE: Junior Clerk
OPE 't Operator

~ Public health inspector



MPPP will have many redundanﬁ laborers in the future whén it-fully_infroduées

3 times/week collection and once-a-week cleansing sYsﬁem in residential area.

Those-reduhdant laborers need to be deployed for other kinds of services such .
as landsCaping work, which is important in view of creating more beautiful

city which deserves being called "Pearl of Orient"..
(3) Organiéational Scheme for the Cleansing.Services Section

The organizational scheme as shown in Fig. 4.1-2 is proposed for the cleansing

services section of the USD
It is'propdsed that both'PHIs and OveESeers wonld act as middle managemént who

would génerate more manaqerlal and plaming 1nputs rather than. occupylng

themselves with daily routine.

—78—



~Unit 1:

~ Street/Drain __
Contraet Area
(pHL) -
Section
Manager —] ..
(PHI)
. Unit 2:
- Collection &
L. Cleansing in —

Council's
Collection
Area

{PHTI)

+ Zone 2

Zone 1
(Overseer)

{Overseer)

- Aone 3
{Overseesr)

g Zone 4
(0verseer)

- Zone's
{Overseer)

-~ Zone O
(Overseer)

{Overseer)

(Overseer)'

4

~ Bayan. Lepas -

. Balik Pulau

Overseers - Cleansing Teams
Overésers - Cleansing Teams
Overseers - Cleansing Teams
Overssers - Cleansigg Teamg
Overseers - Cleansing Teams
Overssers - Cleahsing

Teams

6 compactor

- Refuse Collection vehicles
(Overseer) .
1 Tipper
. Cleansing - Cleansing
{Overseer) Teams
(Mandor)
Mechanical

" Sweeping Team

3 compactor

Refuse Collection—{ vahicles
(Overseer) 1 Tipper
Cleansing Cleansing
{(Overseer) Teams

' {Mandor)

Fig. 4.1-2 OrgénizatiOH Scheme for Cleansing Services Section of USD
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(4) Disposal Section

The organization scheme for disposal sectiown is proposed as shown in Fig.

- Jr. Clerk
(Accountant)

4,1-3.
Disposal Section
Manager (PHI)
Technician Technician ‘Overseers (2)
{(Civil) . {Mechanical} T '
4 Operators 3 Laborers| |1 Guard

Fig. 4.1-3 Organization Scheme for Disposal -Section |
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4.2 Privatization

(1) Rate of Privatization

It is'pfopoﬁed that MPPP will maintain the present rate (87%) of privatization
of waste ¢ollection services in 1995, To keep the same rate of the
privatization means that waste amount to be collected by contractors will

increase year by year as the generation amount itself increases in the future.

It is also proposed that street/drain cleansing: service will not be privatized:

in view of the fact that MPPP has Iérge number of laborers.
{2) Contract Aféa_
It iS'prdposed that MPPP will kesp pfivatizing the .same areas as present.ones,

i.e, northeast part of the island for domestic waste ceollection, and the

entire area of the island for large amount waste collection service.



4.3 Fee Cdllection

(1) Fee Collection System

MPPP has’ already introduced two kinds of fee sxnce some years ago. _commercial

waste collection fee and tlpplng fee charged oh waste dlrectly brought into

the Council's’ disposal site by private firms.

These fee collection systems should be further strengthened Quring the first

phasé-pfojeét period so that the fee revenue be increasing.

Currently, some commercial waste collection feeé is collected by means of the

surcharge on the water bill, Such syStem’shoul& be further promoted.

As a means of collecting the disposal tipping fee, a preépaid‘ticket system

' méy be :advisable.
{2) Measures to Strengthen'?ee Collection System

The following measures are proposed for stiengthening the fee collection

systems.
1) Revision of regulations related to the fee collection,

2) Introduction of licensing system for users of the Council's disposal site

3) Ingroduction of severer pénalties on illegal dumping.
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"B, Project Evaluation
5,1 Technical Evaluation :
(1) Improvement of Collection and Cleansing:erks

From technical view ﬁoint there is no problem in the introduction of
3:times/week coilectibﬁfsystem; plastic bag for_diséharge and once-a-week
cleansing éystem,'VThese systems have been implemented smoothly as a MPPP's
pilot project in Bayan Baru area and have been accepted by the residents,
even though residents complained about these systems especially on use of

standard plastic bags at the initial stage.

Therefore, it ‘is feasible to introduce these systems in all residential area

of MPPP by 1995 as proposed.

The MPPP's pilot project in Bayan Baru shows that ‘these systems have

following benefits:

a. Operation efficiency will be greatly imprdved and environment in the
area will ﬁot deteriorate through residents' cooperation,

b. Collection and cleansing zones are divided into smaller zones under
the'feduced frequency serQice system. The éervices are provided in a
smaller. zZone in éach:day. This has made it easy to control the daily
opetation. It has been also found that the work control is easier
under ihe group working system introduced in the pilot project area.

c..Tﬁe.usage'of plastic bags greatly contributes to the increase of

collection efficiency'and to the upgrading of sanitary conditions.

Health Deparﬁment of MPPP will have some redundant laborers through the
expansion of area where these systems will be applied in the near future.

Therefore, it is necessary to deploy these labeorers to other public services.



(2) Introduction of compactor vehicle
It is proposed that compactor vehicles with 10 cu.m bbdy be used for

domestic waste collection also in future instead of tipper vehicles. It

will not cause any problem to MPPP because MPPP has been using the vehicles

of this'type'and size algeady.

However; it is nécesSary-tﬁ'éstablish a strong preveﬁtive maintenance-system.
{S)ICosntruction of level 3 sanitary disposal sipé in Pantai Agheh

From techhiéal.view point,.lével'S Séniﬁary dispgséi'éite.which has daily_,

soil cover and leachate circulation system to improve leachate guality does

not. have difficulty in construction and 6peration,
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5.2 Preliminary Environmental Iimpact Assessment
5.2.1 Introduction

As part of the s01id waste disposal master plan for Pénéng Island, a site
was identified for the development of sanitary landfill that would receive

the solid waste of Penang Island from 1992 to 2005.

The site was selected from a list of 4 potential sites based on a set of
] critexia that included environmental, economic, administrative and political

considerations,

The Pantai Acheh site, on Penang Island, is located between Kampung Pantal
Acheh and Kuala Sungai Pinang. The area proposed is presently covered with
mangrove vegetation and the population density in the surrounding area is

low.

The sanitary landfill will be constructed in two phases. Because of
finangial considerations, the level of landfill development and operation

'will be designed at level 3 in the first phase.

The level of landfill development and operation proposed for the second
phase will be at level ‘4, where the leachate from the sanitary landfill will

be treated before discharge.

A preliminary Environmental Impact Assessment for the proposed solid waste
disposal site in accordance with the Environmental Quality Order 1987 was
conducted by the University Sains Malaysia, and impacts on air guality,

water quélity and noise were evaluated by the JICA Study Team.



5.2.2 Existing Environment
(1) Physico-chemical Environment
The air quality in the area is within environmentally acceptable limits.

The site is located near the sea and away from any water catchment area.

The coastal water at the site is relatively clean, but with high sadiment

loads,

The area is relatively gquiet, with little noise generated by human

activities as the population density is low.
(2) Biological Environment

The Pantai Acheh site consists of mangrove, but the coastal fringe mangrove
is separated by an earth bund and a dralnage canal. The mangroves are

relatively poor in plant and animal species, except for birds.

There are at least 60 species of birds within the proposed site, of which a

few are migratory species from North Asia and Russia.

The extensive shallow coastal mudflat adjoining the site is a natural cockle
bed where cockle spats are collected. It is estimated that abhout 200,000
kilograms of cockle spats are collected yearly for sale and distribution to

other cockle culture areas.
{3) Socio-~economic Environment

The twoe villages nearby are Ksmpunag Pantai Acheh and Kuala Suhgai Pinang
with a total population of abeut 2,000 persons. These are predominantly
Chlnese and the main occupations are related to fishing and farmlng. The.
househeld income for Kuala Sungai Pinang is estimated at M$8l4 per month or

ME150 mean per capita income,

The surrounding land use is mainly agriculture with padi and coconut
cultivation in the alluvial plains and rubber and fruit tree cultivation in

the hillslopes.



5.2.3 Bnvironmental Impacts
{1) Construction Phase
a. Holise

In some cases the noise level may be higher than the WHO's standard of
55 db(A}, but no adverse effect in daily life is expected, because the

construction period is not too long at the same place and works shift,
b. Dust

Adverse impact from dust would not be significant even if the state
housing project should start to the north side of the site, because the
predominant wind blows from the land to the sea.

¢. Traffic Volume

Increase of traffic volume in relation to the construction will not be

expected.
{2) Operational Phase
a. Leachate

When the effluent is discharged at 800 ppm BOD, the effluent is diluted to

less than 3 ppm'in the outer sea area of 35 m radius centering around the
; discharge pdiht. This low level is because of the extremely low volume of
‘the effluent (188'm3/day for rainy season and 103 malday for dry

season),

When the -effluent is discharged at 1,200 ppm COD, then it is diluted to

less than 5 ppm in the outer area of 35 m radius.

These levels are below the Class II (3 ppm) for BOD and Class I {10 ppm)
for COD set by the Proposed Interim National Water Quality Standards for

Malaysia.



Therefore, almost no adverse effect on aquatic flora and fauna is

expected in the sea along Pantai Acheh.

b. Noise

0f the saditary landfill equipment, the major noise sources are
bulldozers. However, more than 10 db(é)_of noise is expected'to be
attenuéted because of a five-meter high bund around tlie disposal area,
and areas around the.site would not be exposed to the same noiée lavel'
for a lohg time because the landfill area will shift after three or four

months,

In comparison with the existing average noise level of 72.1 dB(A) from
7:00 AM to 7:00 PM, which was measured at 106 places in Penang State in
1986, noise level from waste transportation vehicles is low.

¢, Dust and Odor

The generation of dust can be controlled with the proposed plan in which
water sprinkler truck will stand ready for water sprihkling whenever :

necessary.

The proposed sanitary landfill in which soil covering will be conducted

every day can minimize the generation of odor.
d. Air Pollution
Though the most serious pollutant derived from vehicle exhaust gas in

Penang is carbon monoxide (CO), estimated concentrations of CO are very

low.



{3) Plant and Animal Communities

The loss of the mangroves represent a permanent loss of habitats for the
animal 1ife in the aréa. The most'conspichous loss would be that of
habitats of the birds. A loss of the habitats would mean a reduction of
thesé birds. Since a number of these birds feed in the mangrove mudflats,

the retention of the manqrove fringe would enable some to survive,

Another concern is the likely impact on the cockles and other marine life of
the surrounding coastal areas. At the proposed discharge point, there are
matural cockle beds which supply the spats for other cockle culture areas.
If the Iéééhéte is.diluted'by sea water at the discharge point, as ptoposed

by the project, the impact would be negligible.
(4) Human Settlements
-One major impact relates to the possible disruption to the state housing

project which has'been privatised. The area referred to is the 13-acre site

on state land, situated just north of the proposed disposal site.



5.2.4 Mitlgating and Abatement Measures

To reduce the impact of the removal Qf'mangroﬁe végetationfat-Pantai Acheh,
the coastal strip of méngrove'should be maintained for.providinq habitats

for the birds and animal life as well as for shore protection,

To reduce the impact of the leachate:on the surrounding coastal areas, no
discharge should be made on land or into the waterways. “The leachate should

be pumped some éxstance to the sea where dllutlon can take place to

acceptable. 1evels.

There should be regular monitoring on the area surrounding the discharge

point as well as seepage into the ground water around the disposal.site.

To reduce the noxse 1evels during the operation of the site, there should be
an earth bund to attenuate the noise levels as well as a buffer zone between

the site and re51dences.

To minimise the adour problems, the sanitary landf111 must be properly

malntalned

There should also be green belt of trees and other plants between the

disposal site and public areas for aesthetic reasons. .
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5.2,5 Residual Impacts

Despite above measures, some residual impact on the surrounding area would

nevertheless remain,

“In order to examine impacts on surrounding environment by landfill

- operation, monitoring systems should be introduced,

It would also be crucial to educate vehicle drivers to be careful along -
rural roads. Courteous behaviour in these areas can go'a long way to

mitigate prejudice by the local residents on solid waste disposal,
_Another-important feature of the overall effort is to ensure that damaged

rural roads are immediately repaired so as to anticipate criticisms against

‘the local authorities.



5.3 Social Evaluation
(1) Collection and Cleansing Improvement in Residential Area

MPPP has 1mp1emented 3- tlmes/week collection system and onceﬁa—week
clean51ng system in Bayan Baru as a pilot pr01ect in order to see whether or
not these systems would be acceptable_to the 01txzens.: Though the residents
were not happy in the initiaizstage, they have gbt-accﬁstomed to the new
systems_és the time passed. Eventually, the piiot3project_turnédfout-to be

successful.

MPPP is now confident that it can expand the new system to all other

residential areas.
(2) Level 3 Landfill Operation
For the development of Level 3 1andf111 51te at Pantai Acheh, the State

Government has started the control over the development of the areas

surrounding the site.
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5.4 Economic¢ and Financial Evaluation
5.4.1 Evaluation Framework
(1) Basic Policies

In view of the mon-productive nature of soligd waste management, the

following basic policies were adopted to evaluate the Project.

.a. While the Project was evaluated from both economic and financial
f'aspe¢ts; priority was 'given to the financial evaluation based on the

finarncial strength of MPPP.

P. A minimum cost method was employed to compare and examine the project

elements,

“e¢. In the=économic evaluation, indices relating to the environment,
"hygiene and landscape, etc, were qualitatively analyzed, and economic
benefits were calculated in regard te collection and cleansing

improvement.,
(2) Economiec Evaluation

Although economic evaluation is eésséntial to détermine the feasibility of a
project, it is difficult to calculate the benefits of solid waste
management. In“additioh, given the nature of the work, it is generally-
.impoésible to expect direct benefits to exceed the cost. The economic

“evaluation,: therefore, was conducted as follows.
‘a., The effects of sanitary jandfill were gualitatively evaluated.
. b. The effects of collection and cleansing improvements were both

_qualitétiVely and quantitativeiY’evaluated in view of the expected

reductions in present cost to result from improvement measures.
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¢, The Projedt was considered feasible from the'viewpqint of economic

evaliation if the benefit-cost ratio of solid waste management was one

" or nigher.
{3) Financial Evaluation

In'general, there are two aspects of financial evaluation, i.e. financial
eévaluation of the project in question and analysis of the effects of project

implementation on the Council's budget. -

In fégard_tb ;hé former, a‘finanCial'evaluation.for a period of 15 years was
cohddbtedﬂfor:MPPP'based on the'project cost and thé"expected'income
(inciuding part of the assessment rate). As part of'this'évaluation, a
sensitivity ahaiyéis was conducted to measure project cost, financial

conditions and the effects of increased cost for personnel, etc.

While the willingness of the residents to pay a collection fee is not
‘strong, various collection fees currently imposed in other municipalities
ware anaiyzed and Preferéble rates of commercial waste collection and:

tipping fees at disposal site were examined.



5.4,2 Economic Effects and Evaluation
(1) Collection. Improvement

The purpose qf solid waste management is the prompt collection/removal of
solid waste generated by urban activities to maintain or improve the iiving
environment and public hygiene. In general, regular collection services can

achieve the following effects.

—yreduction of mosguitoes, —dac¢line in contagious
flies and rats, etc. disease outbreaks

‘Removal of Waste

»Clean streets ypleasant feeling

good impression
on tourists

—mon-existence of pilled-up-——no traffic disturbance
waste :

Taken toqether;_these-effects result in a good living environment.

 Although the proposed collection frequency will be 3 times a week in almost
' all éreas'where:a daily collection service is currently provided, regular
and reliablé_cdlledtion:will'comPEnsate for the decrease in the collectian
ﬁréquénéy.' Problems of odour which may'arise due to the less frequent
cblléction éérvice'must be minimized by developing new indcor storage
containers aﬁﬁ;enlisting the cooperatidn of the public in regard to

discharging the waste just prior to collection.

The.propﬁsed.impbo§ement measures will also achieve a higher collection
efficiency.and will enabie a CQﬁsiderable cost reduction as compared to the
case where the btesént ecllection system were simply expanded. This means
that public services provided by the Council may be either improved or.
expanded by utilizing the Council'é rasources to be saved through the above

SWM improvements.
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In the meaﬁtime, tourism industries on Penang Island can be further
developed on the basis of a well maintained environment and landscape,
provided with appropriate services which can be maintained with stab1e

funding'céllected as fees for commercial waste collection.

Implementation of carefully thought-out measures will improve the'
understanding of the public of the importance of solid waste management,

further assisting collection work efforts.
{2} Cleansing Improvements

. The purpose of cleansing work is the prompt collection/removal of waste and
litter on streets and in drains, in'order to maintain and improve the living

environment and public hygiene together with solid waste collection services.

The proposeu main amprovement p01nt in clean51ng work is the rev181on and
reductlon of the service frequency accordlng to road type and the reductlon
of overall serqzce_frequency. It is expected that the overall’ cleans;ng
service quality can be maintained through regular and reliable service '

though the service frequency would decrease,

As in the case of collection improvements, the implementation of carefully
thought—out measures will enhance the citizens' understanding of the
importance of maintaining environmental hygiene, further assisting the

cleansing work efforts,



{3) Disposal Improvement

A major bemefit résulting from the realization of the level 3 sanitary
1andfill with'cell method is that the living environment and public hygiene
standard would be greatly upgraded as compared to the case where the

existing disposal systems. continue,

The adverse environmental impact of the convention31 contro1ed tipping'
method on areas surrounding the disposal sites will be minimized with the
adoption of the sanitary landfill method, paving the way for securing new

‘disposal sites in the future.

While:ﬁﬁe-sanitary:landfill method (Level 4) which will be the model
'dis?oSal method for'Malaysia'in the future cannot be immediately introduced
ét the-PADS bacause of finanqiai constraints, the eétablishment of
appropiiate technologieé'and_technical transfers to other municipalities'

- will be conducted where possible.

Moreover, the fdllowing positive effects cdan be achieved by adopting the

landfill method.

8. Prevention of fires, scattering of waste, odours and the propagation

of harmful insects and rats, etc.

b. Avoidance of adverse environmental effects on the surrounding areas by

the erection .of fences to prevent the scattering of waste.

'_c.'Avoidance of adverse environmental effects on the surrounding areas by

- the treatment and sprinkling of leachate.

4a. improvement of environmental conservation and working counditions by

‘the active implementation of the following measures:



~ Prompt discharge of generated gas Lo ensure safety.at the site;

- Control of the disposal of certain toxic substances;

_ Introduction of a leachate effluent monitéring system;

- Prevention of scavengers and animals entering the site to secure
safe landfill work:

- Improvement of staff working conditions.

(4) Economic Evaluation

Table 5.4-1 shows the cumulative SWM costs till 2005 estimated for the

following two cases!)

Case 1: Waste disposal system will be improved as proposed in the Master
Plan. No improvements, however, will be made regarding waste

collection/hauwlage and street/drain cleansing services.

Case 2: Improvements will be made not only for wasfe.disposal system but
also for collection/Haulage and stréet/drain cleansing services
as proposed in the Master Plan. The improvements of collection/
haulage and street/drain cleansing services include the

reduction in the frequency of those services.

Table 5,4-1 Comparison of the Cumulative SWM
Costs between the Two Cases

(M$ million at 1987 price)

Case 1 ¢ 367.8 (a)
Case 2 : 272.5 (b)
Difference K 95.3 {c¢)
Ratio of (b) to (a) | : 74%
Ratio of (¢) to (a) 1 26%

The above table shows that the Case 2 which includes the improvements of
collection/haulage and street/drain cleansing will bring about a
considerable saving which would amount to M$95.3 million over the Master

Plan period till 2005,

Therefore, the Case 2 which is recommended in the Master Plan, has proved to

be feasible.
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5.4.3 Financial Evaluation
(1) Conclusion

The results of the financial evaluation of collection, cleansing and
disposal improvement are given below, The evaluation was made assuming that
there will be M$21.3 million of budgetary appropriation to solid waste

managenent pér year and the improvement of fee collections in the future.

Annual expenses of solid waste management in MPPP is to be some M$18.7
milliou in 1987, and at pfesent the contribution by collected fees is very
low., Iu cbmﬁarison, income from the improved fee collection system, in
which fees afe charged on collected commercial waste and on waste directly
deliﬁered to the disposal site, will amount to M$l.4 million in 1995 and
M$3.9 million in 2005,

With the_impleméntation of'collection, cleansing and disposal'site
improvements; the total operation cost of so0lid waste manaqemeﬁt is expected
‘to total M$10.1 million by 1995 and M$24.1 million by 2005. If budgetary
appropriation to solid waste management in the municipal budget is
maintained_at the present level of M$21.3 wmillion, and the fees are
collécted_as-pf0pbsed the total debt will be reduced to zero by 1995 with an
internél reéerve of M$14.1 million, enabling contributions to the next phase

of investment.

Given the ahdve financial evaluation results, the Project is considered

financially feasible.
(2) Important Assumptions in Financial Evaluation

The following assumptions were made in the course of the financial

evaluation, as in the case of the financial evaluation for the Master Plan.

a. Reduction of collection costs by the successful implementation of a 3

times/week collection system.

b, Reduction of cieanSing cost by decrease of the frequency.



Imposition of a collection fee on commercial waste and a tipping fee

on waste taken directly to the disposal site.
4. Raising investment funds at an annual interest rate of 6.0% or lower.

Budget of the solld waste managemént will remains at the same amount

of M$21.3 million up to year 2005.
f. Adoption of the Level 3 landfill method,
{3} Investment Cost and Annual Expenses

Tables 5.4-2 and 5,4~3 show the investment cost and annual expénsés

respectively necessary for successfull implementation-of the Project.

Table 5.4-2 Investment Cost

(M$ million in 1987 price)

PHASE I  PHASE II PHASE III TOTAL

Collection 1.8 2.3 1.8 5.0
Cleansing 1.4 1.3 0.6 3.3
Disposal _ 5.3 15.7 0.6 21.5
Total 8.5 19.3 3,0 30.7

- IPPP FrS (S/D stap by step) _
_Budget no increass (_Fea encugh)

R B U SR R AR SO €

o
1860 1q82 1594 1es6 1998 P55, B a5 4 oed
Co1g9t 1533 1855 1937 X 203 203 20

— Budget + Reverwo - finrual Experse - ¢ lrvestment C(:)S'}. -~ Tots} Debt

Fig. 5,4-1 Cash Flow in MPPP
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Table 5.4-3 Annual Expenses and Income

{ME million in 1987 price)

1987 1992 1995 2005
Anndal_Expenses
- Management _ ‘ 1.1 1.1 1.1 1.1
- Collection 8.4 10.5 10.4 13.3
- Disposal 0.5 1.7 1.8 3.7
- Cleansing 8.8 6.5 5.4 5.8
- Interest/Repayment
and Others - 0.5 0.4 0.2
Total (1) ' 18.7 20.3 19.1 - 24,1
Income (2) ' 0.4 1.2 1.4 3.9
Balance {1) - (2) 18.3 19,1 17.7 20.2

Note: Depreciation cost is- included.
(4) Sensitivity Analysis

Sensitivity analysis is conducted by paying attention to three aspects i.e.
indréase of personnel cost, the change of the amount of fee collection and

the change of construction cost.

The budgetary allocation must be increased by at least 0.3% a year if

. personnel costs increase by 2% a year (0.2% increase on base model),

If the construction cost increases by 20%, in 1999 it will become possible
to repay the debt. ' In 2005 the internal reserve will be M$21.5 million. In
case the labour cost increases by 2% relatively, the debt can be repayed in

2001. But the balance will become minus after 2002,

In case commercial waste and tipping fee is not éoilected, the total debt in
2005 will be M$ B.0 million. Tt is necessary to increase the budget of SWM
by'O.S%'per-yéér. if the debt is to be repayed completely by around year
2000.
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Reserved Fund in 2005 (HPPP)

Mg million

‘Reserved Fund
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Fig., 5.4-2
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6. Implementation Plan
6.1 Project Implementation Body and Schedule
6.1.1 Project Implementation Body

Solid waste management is currently conducted by the Health Department and
"Engineering Department which ére respectively fesponsible for collection/
cleansing and disposal. For the successful project implementation, however,
the Urban'SerVices Department should be established. In view .of the fact
that.financial assistance from the Federal Government is expected'tb support
the Project implementation, the Ministry of Housing and Local Government
will provide-the necessary funds and will supervise the implementation of

the Project.

6.1.2 Implémentétion Schedule

{1) Implementation Conditions

Implementation conditions for the Phase.I Improvement Project are as follqws:

' - Design Target Year 1995

e

- Bervice Commencement Year : 1992

-~ Bubject Area entire MPPP

(2) Preparatory Period

The following must be conducted in the 18 month preparatdry period, from the

completion of the Feasibility Study to the commencement of construction work.

- Acquisition of investment funds and preparation of repayment plan
— Confirmation of facility construction site
- Preparation of detailed design and specifications for facilities as

well as equipment/matetial

Selection of contractor (tender, evaluation and contract}
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{3) Construction Schedule

The Project is mainly divided into equipment procurement work and facility

construction wbrk, of which'periods are proposed as follows:

- Equipment/material procutement : 6 months after completion of contract

- Disposal site construction : 12 months after commencement of the

construction

—104—.



6.2 Financial Plan

Based on the results of the financial evaluation, the financial plan for the

implementation of this project will be set as follows:
{1) Required Fund
The investment cost and annual expenditure have been estimated as shown in
_Table 6.2-1 based upon Tables 3.1-4 and 3.2-4 making the following
assumptions:
a, An additional budget amoﬁnting to 15% of the original construction
éost.may.bé required for engineering services and allowance for

contingency.

b. Operation cost except emolument will increase at the rate of 1.5% per

year} Emolument will increase at the rate of 2.5% per year.

¢. Rates of interest on long term, middle term and short term loans will

be 7%, 9% and 13.5% respéctively instead of 6%, 8% and 12%.
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Table 6.2-1 Investment Cost

and Annual Expenditure for MPPP

(M§ million)

1989

1990

1991

19492

1994

Total

1993 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
1. Investment cost
- .Vehicle 0.0 0.5 6;8 0.6 0.0 0.0 0.0 2.7 2.4 6.9
-~ Cleansing 0.0 0.0 0.9 0.4 0.0 6.1 0.1 1.6 0.8 3.9
- Sanitary D/s 0.3 0.2 6.0 0.0. 0.0 0.0 0:6 20.3 0.7 27.5
: (0.3) '
- Total 0.3 .0.7 7.7 1.1 0.0 0.1 0.1 24,6 3.8 38.3
(0.3) ' :
2. Annual Expenditire
- Administration 1.1 1.1 1.1 1.2 1.2 1.3 1.3 i.3 1.4 1.4 1.4 1.5 1.5 1.6 1.6 1.6 1.7 20.1.
- cOlléctiQH 1.9 1.8 1.7 1.7 1.6 1.5 1.4 1.4 1.5 1.5 1.6 - 1.6 1.7 1.7 1.8 1.8 1.9 22.6
- Streét/nrain 8.3 7.6 6.9 7.1 6.8 6.6 6.3 6.5 6,7 6.9 7.l 7.3 7.5 7.8 8.1 8.4 8.7 101.8
- Contract-out 6.8 7.4 8.0 9.4 9.6 9.9 10.1 10.6 1.2 1L7 12.2 12,7 13.2 13.7 142 147 15.2  168.3
- Disposal 0.6 0.6 0.6 1.0 _' 1.0 1}; 1.1 i.1 1.7 1.8 1.8 1;9 1.9 2.0 2.0 2.1 2.2 22.9
- Interest 0.0 0.0 0.1 0.7 0.6 0.6 ¢.5 0.5 0.5 0.4 0.4 b.3 0.3 0.3 0.2 0.2 0.2 5.3.
Sub-total 18.7 18.5 ia;s 2.1 20.9 20.§ 20.8  21.5 3.0  23.7 24.5 25.3  26.1  27.0 27.9 28.8 29.8  341.4
- Repayment 0.0 0.0 0.1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4 0.4 5.7
Totél 18.5 21.1 21.4 21,3. 23.5 24,2 - 25.0 ~25.8 26.6 27.4 28.3 29.2 30.1 347.1

21.1
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(2) Einanéial-Resoufcé--

Flnanclal résources for the investment are to be prepared through Federal
Government loans and the MPPR's own development fund, Federal Government
loans will be a combination of long term and mid term loans as shown in

Table 6,2-2,

Table 6.2-2 Financial Resocurces for the Investment

(M$ million)

1999 1991 1992 1593 1994 1985 Total

: Lcng Term Loans 0.2 6.0 -~ - - - 6.2
Middle Term Loans 0.4 0.7 0.6 - - 1.7
MPPP Fund 6.0 1.0 0.5 - 0.1 0.1 1.7

Total : 0.6 7.7 1.1 - 0.1 0.1 9.6

Loan condiions are assumed as shows in Table 6.2-3.

Table 6.2-3 Loan Conditions

o : ' INTEREST RATE
REPAYMENT SCHEDULE REAL  NOMINAL

Long. Term Loans .Repayment over 20 years C 6% 7.0%
' R . with a 3 year grace period
Middle Term Loans Repayment over 10 years 8%  9.0%
: o " with a 2 year grace period
Short Term Loans Repayment in the follow1ng 12% 13.5%
e o - year ’

Annual expenditure for the SWM is to be born by & portion of the assessment
(property), fees for commercial waste collection and tipping fees for

1andfill as shown in Table 6.2-4.
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Table 6.2-4 Resources of Revenue

(M$ million)

1092 1003 1064 1005  Total

Assessment 22.9 23.3 23.86 24.0 93.8

Fee Collection

- Commerc¢ial Fee 1.2 1.3 1.3 1.4 5.2
- Tipping Fee 042 0.2 0.2 0.2 0.7
Total - 24,3 24,7 25.1  25.5 99.7

Note: All the amounts shown in Table 6.2-4 are greater than the
corresponding:figurés shown in the previous sections as a.
result of the reflection of an inflation which is assumed at

1.5% per year.
The SWM budget to be allocated from'generél_budget of the MPPP is estimated
to increase by 1.5% per annum which is same as of the projected infration
rate. .
Commercial and tipping fees are estimated to be collected at the rates of
M$36.1 per ton and M$7.4 per ton respectively in 1992. Those rates will
increase to M$58.4/t for commercial waste and M$12.0/t for tipping fee at
1986, and M$83.8/t for commercial waste and M$17{3/t for Eipping_fee at 2001.
{3) Balance of Expenditure and Revenue .
Basically the balance in Phase I will keep the.black figures,'except in 1991
when the initial investment for the construction of disposal site is

required.

The complete repayment of the total debt for Phase I investment will be

possibly materialized in 1994,
{4) Proposal for Financial Plan

The Money flow of the project is shown in Table 6.2-5.
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Table 6.2-5 Money Flow of the Project

(MPEP)  p/s D/S step by step

unit: M$ thousand (1M$=¥50)) {considering inflation & personneiﬂincrease)

1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005  ‘Total

Revenue _ :

- SWM Budget 22,940 23,281 23,643 23,984 24,346 24,729 25,091 25,475 25,853 26,242 26,625 27,030 27,434 27,839 354,517

~ Commercial Fee 1,223 1,268 - 1,315 1,364 2,281 2,359 2,443 2,526 2,615 3,884 4,021 4;i52 4,309 4,462 38,232

- Tipping Fee ' 170 176 183 190 318 329 341 354 366 . 546 566 588 610 633 5,368

- Electrical Sale _ 0 0 0 1 0 Q. 0 o 0 0 0 e D 0
Subtotal (&) - 0 0 24,333 24,725 25,141 25,538 26,944 27,418 27,875 28,356 28,840 30,671 31,212 31,779 32,353 32,933 398,118

Expense | | o o | |

- Depreciatioh o 1,333 1,366 1,399 1,434 1,483 2,609 2,697 2,787 2,880 2,972 3,067 3,165 3,265 3,369 - 33,825

'~ personnel : : 9,314 9,040 8,741 8,416 8,650 9,001' 9,252 9,512 9,73@ 10,095 10,421 10,765 11;113_'11,472 135;579

- Maintenance 421 427 434 440 459" 667 588 610 . 632 651 669 689 708 7286 8,025

- Fuel & Other : 1,241 1,244 1,247 1,249 1,292 ‘1,710 1,761 1,815 1,870 1,926 1,984 2,045 2,108 2,172 23,663

- Interest 1 | 53 536 . 588 579 539 195, 459 418 378 338 298 266 241 215 19 5,597

- Interest .2 ' 6 151 0 e 0 o LT2, o 0 0 --Q 0 0 0 0 229

- Contract 1 9,405 9,649 9,893 10,137 10,644 11,151 11,658 12,165 12,672 13,176 13,685 14,102 14,699 15,206 68,335

~ Contract 2 _ ' _ _ _ o ._ ' ._ _ '

Subtotal (B) 60 22,402 22,314 22,294 22,216 23,033 25,568 26,374 27,267 28,172 29,120 30,092 3,396 32,108 33,137 375,253
Balance (A-B) ' .60 1,930 2,410 2,847 3,322 3,911 1,850 1,501 1,090 663 1,551 1,120 383 244 -234 22,864
Investment 636 7,700 1,071 0 78 . 88 18,507 783 3,905 1,280 95 111 0 326 1,092 1,804 38,018
- Fund 47 1,014 489 o 78 88 18,507 . 783 3,905 1,280 95 111 0 326 1,092 1,804 30,112
- Budget 0 0 0 0 0 0 o 0 0 o 0 0o 0 0 0 o o
- Grant . N '

- Contraétor-

- Loan _ . :
Foreign ' 215 5,960 0 o 0 o o 0 0 0 o0 0 0 0 0 6,176
Local ‘1 | ' _ _ - ' _ .

Local 2 424 726 582 0 0 0 0 o 0 .0 0 0 0.+ 0 0 o 1,731
Repayient o 6 103 527 527 527 527 527 527 521 436 363 363 363 363 5,679
_Remain of Lo - 636 7,325 7,907 7,803 7,277 5,750 6,223 - 5,696 5,170 4,643 4,116 3,680 - 3,317 2,954 2,591 2,227
Money Demand 47 1,074 -2,775 3,673 -3,642 -4,141 13,640 =3,150 234 ~2,070 -2,926 -3,976. 3,824 ~2,665 -2,054 =999
Short Term L | 47 1,074 -2,775 —3,673 ~3,642  ~4,141 ;13,640"—3,150 ":_234- -2,070 -2,926 ~3,916"%3,824 ~2,660 2,054 -999 -20,899
Accumulated 47 1,121 -1,654 ~5,327 ~8,969 -13,110 530 —2;650  ~2,335 =-4,455 =-7,381 -1,357 gis,lal -17,845 -19,900 ~20,399
Total of Deb - 686 8,446 -~ 6,253 2,477 -1,692 6,360 -6;753'._3,077 2,784 188 -3,265 7,677 -11,864 -14,892 -17,309 -18,671
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6.3 Bstablishment of a Mohitoring System
6.3.1 Recessity for the Estabiishment of a Monitoring System

ane the Council dedides to commit itself Lo achieving Master Plan targets,
it will be important to establish a syétem within the Council to monitor
closely the progress of improvements. Data will be obtained through such
monitoring For self-evaluation o¢f the Council's performance, without which

the Council will be unable to assess Progress.
6.3.2 Personnel Responsible for Monitoring

In the new department to be responsible for SWM, the following personnel

should be involved in monitoring operations.

Personnel to be Involved in Monitoring Operations

.Kétiqﬂ‘keqﬁired ' Personnel Réqunéible
identification of ﬂseful indicators PHIs and Seniof PHIs
Data-collection & compilation PHIs and Senior PHIs
Data;anaiyéis,‘ . _ PHIs/Senior PHIs and Clean-
Evaluation of performance and _ sing Superintendent

Formulation of action plans

Review of Mastér Plan Targets based Cleansing Supeérintendent and
upon'the.performance evaluation ' Director :
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6.3.3 Indicators to be Used

a, Selection of Indicators

Selection of indicators are related to the Master Plan targets. rﬁseful o

indicators include the following:

Principal and Supporting Indigators

Master Plan Targets

PrinciPal_:ndicators

Supporting Indicators

Improvements in
cost-effectiveness
in services

Unit cost of service

~per ton

Daily waste amount .

collected per worker and

vehicle

‘Unit cost spent per

service récipient

Fxpansion of
service coverage

Percentage in terms of

population

Percentage in terms of
area '

Improvement of service
quality (reqularity
and punctuality) -
residents' satisfac-
tion

Number of complaints
by residents

Number of days service

" was delayed or was not

provided

Upgfading_of the
disposal standard

Standard of sanitary

" landfill

Leachate-quality

The above table sﬁows some useful indicators. Tﬁére'may be bther
indicators. It is importahtﬁtd distinguish principal ihﬁicéiors-frﬁm :
supporting indicators, as shown in the above table. Whethef a'pafﬁiculér
indicator should be treated as a principal or supporting indicator depenﬁs

on the purpose of the evaluation.
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h. befinitions of Indicators

One of the most serious problems ﬁith respect to performance-indicators
arises whgn considéring_ways to measure performance, i.e. the definition of
_indicaﬁors. For exaﬁple; the uni£~collecti0n~cost differs greatly depending
" on whether or not to inclnde certain indirect costs such as
administration-costs, assumed office-rent, cost of stand-by vehicles and

insurance premium paid, etc.

In view of the above, it is important for the Council to establish the
. brecise definitions of indicators, and use indicators of the same
definitions over a long period. This will enable the Council to compare

past performance with the present using the same criteria.

It will bervery uséfui for Malaysia to develop definitions of indicators to
be_used by all Local Authﬁrities. The development of such definitions will
enablé intef—muniéipal comgarisons on the_Basis of similar criteria. The
initiative'for'such a deéel&pment may most suitably be taken by the
Technical Unit, Local Government Division, Ministry of Housing and Local

Government,
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