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PREFACE

In responsé to a request from the Government of Maiaysia, the Japanese
Government, decided to conduct a study of Solid Waste Management for Pulau
Pinang and Seberang Perai Municipalitiés and entrusted the study to Japan

International Cooperation Agency {(JICA).

JICA sent to Malaysia a survey team headed by Mr. MITO Kango, Yachiyo
Engineering Co., Ltd., and composed of members from Kokusai Kogyo Co., Ltd.,
ffom_January to March, from June to August, and from November to December

1938.
The team held discussions with concerned officials of the Government of
‘Malaysia, and conduéted field surveys. After the team returned to Japan,

further studies were made and the present report was prepared.

I hope that this report will contribute to the promotion of the project and

to the enhancement of friendly relations between our two countries.

I wish to expréss my sincerest appreciation to the officials concerned of

the Government of Mélaysia for their close cooperation extended to the team.

‘August 1989

i

Kensuke YANAGIYA

Presiaent,

Japan International Cooperation Agency (JICA)
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ABBREVIATION

ABC ¢ Action Plan for a Béautiful and Clean Malaysia
BEDS t  Bakau Street Disposal Site

BPTS : Balik Pdlau Transfer Station

‘CIF : - Cost, Insurance and Freight

DBKL : City Hall of Kuala Luﬁpur

DID ¢ Drainage and Irrigation Department

DOE é -Department of Environment =

EIA :  Environmental Impact Assessment

ENSEARCH : Environmental Management and Research Association of Malaysia

EPU - : Eéonbmic Planning Unit
FTZIP : Free Trade Zone Incineration Plant
FTZT5 . Free Tréde Zone Transfer Station
GRDP t. Gross Reqibnal Domestic Product
IKU : ‘Public Health Institute |
JICA ¢ Japan Intefnational Cooperation Agéncy
';JKﬁK : Village Development and Security Committee
JMPDS  : Jelutong Mole Previous Disposal Site
JMTS : Jelutong MOlé Transfer Station
JPBD i Town and Country Planning Department
KEMAS K 'Comﬁunity Development, Ministry of National and Rural Development
KMDS : 'Kuala Muda Disposal Site
LWL : - Low Water Level
" LA 1 Local Authority
M :  Million
MC + Municipal Council
Mﬁis : Mak Mandin Transfer Station
MPPP : Majlis Perbandaran Pulau Pinang
MPSP . Majlis Perbandaran Seberang Perai
MOH :  Ministry of Health
MULG +  Ministry of Housing and Locai Governmeni
M/P 1 Master Plan
MSWM ¢ Municipal Solid Waste Management
ME ¢ Malaysian Dollar
REB s -National Electricity Board
'ﬁEP' : New Econcmic Policy
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PADS : Pantai Acheh bispdsal Site

PBDS : Plau Burong Disposal Site

PﬁC :  Penang Development Corporation

PERDA : Penang Rural Development Authority.

PHA : Puhlié_Health AssiStant

PHI H Pubiic:Health Inséector o

PICIP : Pral Industrial Complex Indinération Plant

PED :  Public Services Department, Prime Minister's Department

JKR/PWD ; Public Works Department

Penang Port Commission

FPC - H

S/R : Supporting Report _

SwM : Solid Waste Management

SWMIB : ‘Solid Waste Management Information System .
Ine : Tourist Development Corporation

'UDS' : Urban Drainage Sysﬁem

UsD H Urban_Sérvice Departﬁent

USM H

University Sains Malaysia
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The following conclusion are meant for both MPPP and MPSP unless otherwise

‘indicated.
1, Major Problems Identified are as follows:

1) Low oPeraEidnal efficiency in waste éollection and haulage as well as
street/dfaing-cieansing '
' 2)_Inadéquéte disposal standard
- 3) Weak management
4) Inadequate citizens' cooperation

5) Weak revenue basis
2. MajOr-improvement:targéts and measures proposed in the Master Plan are:

1) Improvement on waste collection efficiency through:

Introduction of .a 3 times/week collection system in residential area

Use of plastic bags for waste storage and discharge

_Replaéement of side-loaders with compactor vehicles (10 m3) for
‘waste collection

Introduction, in future, of a station colledtion system in which a

collection point is provided for. every 20 houssholds or so in .

principle.

2). Cost réduction in street/drain cleansing by applying weekly

¢leansing in residential area, and team work system.
Note: _
Through the improvements as mentioned in the above items 1) and 2),

MPPP ahd:MPSP would be able to'reduce the size of labor force by
"about 35% and 25% by 1995, -

(5)



3) Improvement on disposal standard through the introduction of sanitary

1andfill system. A stepwise improvement is proposed as shown below:

MPPP  MPSP

- Comnstruction of sanitary landfills with leachate

circulation and monitoring facilities {(Level 3): 1991 1991

- Conmstruction of sanitary landfills with leachate
 treatment facilities and a monitoring system
(Level 4) which SatlstES effluent standards as

stipulated by Department of Exviroament (DOE): 1996 2001

4) Strengthening of the managerial capa01ty through
- Establishment of an independent department reson31ble for solld
waste management
- Specialization of management staff (departmental head and public
health inspectors) in solid waste management
-~ Use of political influence.in more constructive ﬁay { Reduction of

political interference in the Councils' daily administrative affairs)

5) Strengthening of the revenue basis through'
- Increasing assessment rates and reducing arrears
- . Increasing qommercial waste collection fee and disposal tipping fee
(MPPP)
- Introducing commercial waste collection fee an& disposal tipping fee

(MPSP)

3. Both MPPP and MPSP have implemented some of the immediate improvement
projects and a pilot preoject which have bheen proposed by JICA. Through the

implementation of those projects, the following has been proved:
{1) 3-times/week collection system with plastic¢ bag is cost-eéffective and
workable even in Penang in view of the results of the ﬁilotfcollection

preject executed by MPPP in Bayan Baru area.

(2) The weigh-bridge system is essential in analyzing, planning and -

managing waste collection and haulage in view of MPSP's experience.

{67



(3) Both MPPP and MPSP are capable of improving disposal standards; MPPP
has upgraded its existing disposal site from controlled tipping system
(Leyel 1) to sanitary landfill with a bund and daily soil covering
(Level 2), while MPSP has upgraded its existing disposal site from open-

dumping to controlled tipping system {Level 1)}.

4, Level 3 sanitary'disposal system is most realistic as an improvement target
of the first phase which starts 1991 as a result of overall evaluation of

technical, environmental and financial aspects.

5. It -has been found that the eﬁvifonmental impacts.bf Level 3 diSposal system
at three futu;é disposal sites are minimal as the result of Pre-~EIA which
has been executed by University Sains Malaysia (USM) under a contract with
the Miﬁistfy_of Housing and Local Government. The Pre-EIA report |
incorporated all the results of the envirommental study on alr, water and

noise conducted by JICA Study Team.

6. The Steering Committee has decided that the following three sites should be

used as future disposal sites:
- Pantai Acheh (Pulau Pinang)
- Kuala Muda {Seberang Perai)
- Pulau Burong (Seberang Perai)

7. Feasibility of Major Facilities

Incinerator, transfer station, inter-municipal disposal system as well as

compost plant have been found infeasible due to the reasons shown below:
{1) Incinerator
Like the caSéinn'dther developing countries, an incinerator has been found

financially infeasible in this study because SWM system with an incinerator

is much more expensive than the system without it, It is estimated that M$

(1)



100 mlllzon at least is needed to construct an incinerator with the_

capacxty of 700 t/day of waste, which.is equivalent to the capac1ty
required by MPPP in 2005. On the other hand, it is estlmated that M$ 22
.mllllon is sufficient for constructing a sanitary dlsposal system with the
sufficient capacity of meeting the disposal demand up to 2005 at Pantai

Acheh as proposed in the Master Plan.

It is important to mnote that an incirperator may prove to be feasible in the
future if the acguision of land for disposal would be extremely costly or
price of incinerator would decrease owing to some technological innovations

in the future,
{2) Transfer Station

Transfer station has. been found financially infeaSihle even considering the
location of the future disposal sites and assuﬁing the use of compéctor
vehicles of 10 m3. The advantage of having transfef stations is to reduce
operation costs of haulage when the haulage distance is long. It has been
found, however, rhat the expected reduction of the operation cost is
negligiably small. As a matter fact, it is estimated that the haulage
system with transfer stations is about 14 % more expensi#e than the system

without it even in the long term.
{3} Inter-municipal Disposal System

Inter-municipal disposal system with either sea or land transport system
has been found neither feasible nor necessary because: |
-~ This system is more costly than the separately administered systems
and |
- A future disposal site to be used by MPPP has been found at Pantai
Acheh, The site is large enough to_absofb all waste t£ill 2005.

(4) Compost Plant

Compost plant has bheen found infeasible in view of a very little demand for

waste compost.

(8)



8. The present and future population, service coverage, waste amount and
Council's revenue have been estimated as follows: (The future population

and revenus of MPPP and MPSF were projected based upen the Structure Plan.)

(1) MpPP
1987 1995 2005

Population: = _ o _
- Total population (Persons) 569,300 615,700 718,000
- Target Collection .

Service Coverage . 93 % 95 % 97 %
Daily Waste Amount: '
- Per-capita Generation Amount  0.78 Kg. 0.91 Kq. 1.11 Xqg.
~ Total Generation Amount 432 t© - 566 t 784 ¢
- Target Collection Amount 360 t 470 t ' 670 t

t 770 t©

- Target Disposal Amount 410 t 539

Note: 1. It is estimated that per-capita waste generation amount will
increase by ‘2 percent per year. o _
2. The above-shown per-capita generation amounts include not only
household waste but also commercial and industrial waste as well,

Council's Revenue:
‘ 1987 199% 2005

- Total Revenue (million) M$68.9 M$113.5 M$§210.4

Note: An annual inflation of 1.5% is assumed in estimating the future

revenue,
(2) mMpSP

' 1987 1995 2005
Population: :
—~ Total population (Persons) 531,300 627,100 754,100
- Target Collection

Service Coverage 70 % T7T % 85 %
Dally Waste Amount:. ' :
- Per-capita Generation Amount  0.70 Kg. 0.82 Kg. 1.00 Kg.
~ Total Generation Amount 372 b 514 t 754 t
- Target Collection Amount’ 191 ¢ 342 t 540 t
-~ Target Disposal Amount 239 ¢ 437 ¢ 579 t

Hote: 1, It is estimated that per-capita waste generation amount will
increase by 2 percent per year.
2. The above-shown per-capita generation amounts include not only
household waste but also commercial and industrial waste as well,.

Council's Revenue:

_ 1987 1995 2005
- Total Revenue (million) ‘M$31.4 ‘M$51.7 M$05.6

Note: An annual inflation of 1.5% is assumed in estimating the Ffuture
revenue.

(9)



9, Estimated Investment and Target Annual Costs
(1) MPPP

a. Estimated Required Investment
Unit: Million Malaysian Dollar

Construction Collection  Street/Drain

of Sanitary Vehicle Cleansing :
Landfill Purchase __Equipment Total
1990 - 1995 6.2 1.9 1,5 9.6
1996 - 2000 20.3 2.7 1.6 24.6
2001 - 2005 0.7 2.4 a.8 3.8
Total 27.2 6.9 3.9 38.0
Note:

1) Yearly breakdown of the san;taxy landfill constructxon cost is as
follows: M$0.2 million in 1990, M$6.0 million in 1991, M$20 3 million
in 1996 and M$4.7 million in 2001.

2) The sanitary landfill construction cost, M$6;2 during 1990 - 1995
includes design preparation cost.

3) Differences between the totals and sums of the respective amounts
arise due to rounding errors. :

4) An annual inflation of 1.5% is assumed in estimating the above costs.
b._Térget Annual Costs and Fee Revenue

Unit: Million Malaysian Dollar

_ 1987 1980 -1995 - 2000 2005

1) Operation and .

Maintenance & .

Interest Payment: 18.7 18.5 20.8 - . 25.3 . . 29,8
2) 1) plus'Allowance

for Depreciation: 18.7 18.5 22.2 . 28.2 33.1
3) Target revenue from

imposition of

Commercial waste

collection fee & _ , o : _

Tipping fee : 6.0 6.0 1.6 3.0 5.1
4) 2) minus 3): 18.7  18.5 20.6' 25,2 28.0

Hote: For the estimation of ‘the above costs, an annual inflation of X.5%
' is assumed except for the emolument of ‘the Council's employees'
which is assumed to increase by 2.5% per year.

(10)



(2) MPSP

a. Estimated Required Investment
Unit: Million Malaysian Dollar

Construction  Collection Street/Drain

of Sanitary Vehicle Cleansing
Landfill - _Purchase ﬁﬁEguipment Total
1990 ~ 1995 8.5 5.7 1.6 15.6
1996 - 2000 12.8 6.6 . 1.9 21.4
2001 ~ 2005 26.8 6.1 ‘1.5 34.4
Total 48,1 18.4 4.9 71.4

Note*I_
1) Yearly breakdown of the sanltary 1andflll construction cost is as
follows: M$0 3 mlllaon in 1990, M$8.2 million in 1991, M$12 8 million
in 1996 and M$26.8 million in 2001.

2) The sanitary landfill construction cost, M$8.5 required during 1990 -
1995 includes design preparation cost.

3) Differences between the totals and sums of the respective amounts
arise due to rounding errors.

4)_An annual inflation of 1.5% is assumed in estimating the above costs.

- b. Target Annual Costs and Fee Revenue
Unit: Million Malaysian Dollar

1987 1990 1995 2000 2005

1) Operation and

Maintenance & .

Interest Paymenk: 9.9 11.3 16.9 21.1 28.1
2) 1) plus Allowance

for Depreciation: 9.9 11.3 19.3 25.7 37.1
3) Target revenue from

imposition of

Commercial waste

collection fee &

Tipping fee : 0.0 0.0 1.4 2.5 4.5
4) 2) minus 3): 2.9 11.3 i7.9 23.2 32.6

Note: For the estimation of the above costs, an annual inflation of 1.5%
is assumed except for the emolument of the Council’'s employees
which is assumed to increase by 2.5% per year.

(11)



10. Important points.to note with respect to the financial aspect are as

follows:
(1) MppPP

a. Construction of sanitary landfill will cost M$6.2 million during the

years 1990 and 1091,

h. COnstructlon of the proposed sanitary 1andf111 would not be made
possible without the financial assistance by the Federal Government

either in the form of loan or more preferably grant.

c. The target annual costs of SWM'as:Shown in the previous section are
estlmated asswning that MPPP successfully achieved all the 1mprovements
on waste collection, haulage, street/drain cleansing as well as dlSPOSBI

system 1mprovements as proposed in the Master Plan.

d. Aannual costs will be much greater if the proposed improvements were not

implemented.

2. The'target annual costs (inclusive of payments of loan interest and
allowance for deprec;atlon) of SWM is expected to increase by 3% per

year till 2005.

f. 1If, however, MPPP successfully collected tipping fee and commercial
waste collection fee as propesed in the Master Plan, the net annual SWM
costs (annual costs minus collected fee revenue) will increase by 1.5%

only on average instead of 3%.

(12)



(2) MPSP

da

Construction of sanitary-landfill will cost M$8.5 million during the

s years 1990 and_l@gl.

Conétruction of the proposed sanitary landfill would not be made

possible-without-financiai.aSSiStance by the Federal Government either

in the form of loan or more preferably grant.

The Target annual costs shown in the previous section are estimated

-assuming that MPSP succéssfuliy achieved all the improvements on waste

collection, haulage, street/drain cleansing as well as disposal system

improvements as proposed in the Master Plan.

Annual costs will be much greater if the proposed improvements were not

‘implemented.

The target annual cost (inclusive of payment of loan interest and
allowance for depreciation) in 2005 will be as large as about 370% of
the present annual cost. This follows that the annual cost will increase

by 7.6% on average till 2005.

1f, however, should MPSP successfully collect tipping fees and

commercial waste collection fees -as proposed in the Master Plan, the net

annual ‘SWM costs {annual costs minus collected-feé revenue) would

iﬁcrease-by 6.4% on the average instead of 7.6%. The percentage, b6.4%

happehs'to be same as the annual nominal growth rate of the MPSP's

yevenue-estimated in the Structure Plan.

€13)



Recommendations

The following recommendations are presented for both MPPP and MPSP.
1. Setting-Up Project Implementation Unit

In view of the large aQOunt of work to be done for the implementation of the
first phase projects, both Councils should seﬁwup a project implementation
unit respectively which would be responsible for systematic implementation
of the project. Such unit éhouid consist of staff of both Health -
Department, Engineering Department and some other relevant departments if

nec&ssary}
2. Replacement of Side-loaders with Large Compactor'Vehicles

In view of the situation where new disposal sites which are expected to open
in 1992 will be farther than the existing ones, the both Council should

' . . . 3 .
purchase compactor vehicles with capacity of 10 m~ at the time of renewal

of vehicles.
3. Expansion of 3 times/week Collection Area

A 3-times/week collection system which MPPP has heen carfying out as a pilot
project in Bayan Baru area should be expanded to all qther'residential'areas
in earliest possible time in order to reduce residents' complaints which may

result from the difference in service frequency among areas,
4. Successful Deployment of Redundant Lahorers

it is anticipated that many cleansing laborers would he made redundant in
the future through the reduction in the freguency of waste collection and
street/drain services. It is therefore extremely important for both

Councils to find ways to deploy those laborers for other services.
Privatization should be promoted in such a manner as not to.cause the

under-utilization of the Councils' resources such as laborers and equipment

particularly in the long term,

(14)



5. Plans for Efficient Waste Collection System for New Housing Developments

In developing new residential areas, careful planning should be made so that
the planned area would be provided with an efficient waste collection system
such as a waste station collection system which is proposed in the Master

Plan,
6. Collection and Utilization of Data

Collecﬁioﬁ‘of relevant data.is éssential for the planning and evaluation of
the exiéting situation and progfess-of Sglid waste management. Relevant
data iﬁclude waste amounts and composition which would change daily,
seasonally and yearly, In this conunection, weighbridges should be actively

used.
7. Environmental Improvement on the'Existing Waste Disposal Sites

Both Councils have greatly upgraded the standard of the existing disposal

sites through the immediate improvement plans.

It ‘is desired that the beth Councils make fqrthér efforts for the
improvement of those sites in view of the fact that residents’ acceptability
of. the new disposal sites is 1argely influenced by the conditions of the

'existing sites and views of the residents living nearby the existing sites.
8. Strengthening of the Fee Collection

Tippihg fees and commercial waste collection fees are to be imposed based

upon the beneficiarY—payFPrinciple.

MPPP has already collected those fees. It is advised that MPPP should
gradﬁally increase those fees in the future so that the cost of the services

would be covered by those fees.

 MﬁSP on the other hand has not collected those fees yet. The Master Plan

proposes that MPSP should introduce the collection of those fees.

(15)






1. Master Plan .







T, Master Plan
1. Introduction
1.1 Background of the Study

The Local Govermment Act (1976) of Malaysia stipulates that local
authorities are responsible for the collection and appropriate
treatment/disposal of the solid waste generated in areas under their
jurisdiction. Pursuant to this Act, local authorities have been
implementing various projects and facility construction to smoothly conduct
solid waste management in their vespective areas in cooperation with the
Ministry of Housing and Local Government and have also been consolidating

the related regulations and systems.

The systematic consolidation and improvement of facilities and systems based
on medium and long-term perspectives instead of short-term plans which have
so far been the case, however, is required to’ adequately deal with the
rapidly increasing-solid waste volume and changes in its quality due to
conspicuous soclioeconomic developﬁent in recent years and the subsequent
population concentration in urban areas. In this context, the Ministry of
Housing and Local Government prepared the national Action Plan for
Beautification and Clean Malaysia (ABC Plan) in 1988, and one of its
strategic program intends the preparation of master plans for 15 municipal

councils in Peninsula Malaysian by 1995.

The Ministry of Housing and Local Government requested the Government of
Japan to jointly conduct a solid waste management study for Pulau Pinang and
Seberang Perai with the Penang State Government and the Pulau Pinang and
Seberéng'Peréi'Municipal Councils so that the study could be used as a model
for the master ?lans to be prepared for the remaining 13 municipal councils

in the future.



1.2 Objeétives of the Study

The ObjeCtIVES of the Study were the prepardtlon of a master plan with a
target year of 2005 and the 1mplementatlon of a fea51h111ty study on
pr1or1ty pro;ects to be executed by 1995 in line with the master plan in
view of the 1mprovement of and facility consolldatlon for solid waste
management in both Municipal Councils' of Pulau Pxnang and Seberang Perai

from the medium and long-term perspectives.

1.3 Basic Study Policy
{1) Relationship between the Study and the National Plan

The'conditioné of municipal_sqlid_waste managenent in kalaysia have
seriéﬁsly‘deteriorated in the'proceSS of the rapid urbanization since the
late 1970°'s.. While the National Cleénliness Campaign'ﬁas conducted-
nationwide in;lgéa under the direct leédership of-the’ﬁonhrable Prime
Minister to mobilize the public for the beautification of the country,'the
campaién's achievements fell short 6f ekpectationS'and a'stréng need was
Felt for the related ministries and agencies of the Federal Government to
take the initiati#e_and_establish operational;_finénciél and legal systems.
necessary for execution of municipal cleansing services end for cbnﬁinuous
efforts under a compreheansive plan based on the'médium and longwterm.

perspectives.

In view of the above situétion, the necessity fér the preparation of a
national plan was pointed out by WHO/PEPAS (The Promotion of Environ@ental
Planning end Applied Studies). In accordance with1the'guidan§e given by
WHO/PEPAS, the Malaysian Government requested Japan to pfovida ﬁechﬁical;..

cooperation in this field. As a result, an expert was dispatched from JICA.



With the_bOQberation of the Japanese expert, the Miniétry of Housing and
Local Government prepared the ABC Plan which consists of 12 programmes.
Some of these programmes_afe currently in progress and have already made
concrete'achievements; In regard to the programme calling for the |
preparatlon of a solid waste management master plan for each municipal
council, it was decided to firstly prepare a model masteér plan so that the
experience galned in the model master plan preparation process could be '

applied for other municipal councils.

The present Study has generated the solid waste management master plans for
the Municipal Councils of Pulau Pinang and Seberang Perai where the rapid
‘indﬁstiializatioﬁlis taking place and these master plans are intended to
‘act ag a model for. other municipal councils. Thé'Study was jointly
cbﬁéﬁcted with the Malaysian side under the technical COoéeraEion“of the
Govérhment of.Japan in view of Malaysia's lack of experience in the

preparation of solid waste management plans.
(2) Joint Study

The essence of s0lid waste management is the prompt removal and appropriate
treatment/disposal of ‘generated waste. Of the processes involved in solid
‘waste ﬁanaqement. waste collection particularly presents a point of contact
‘between the public and the administration. An appropriate'collection
system canhoﬁ be established without the mutual cooperation of these two
sides,  In this context, a proper understanding of the social and cultural
backgroﬂﬁd 6f the study area is essential jin the preparation of a sclid
waste.management plan. The selection of appropriate technologies which can
be easily absorbed by the local community and techmnical transfer enabling
the self-preparation of a solid waste management plan and self-review of
the pfepared'plan by individual municipal councils are particularly
important and here lies the reason for the joint implementation of the
Study with the active participation of the Malaysian side which was

responsible for the following work.



a., S0lid waste analysis

b, Bite selection

c. Bnvirommental impact assessment

d. Execution of immediate improvement plan

e, Development of a programme to control data measured by weighbridge
(3) Handling of Toxic Industrial Waste

The subject solid waste of the Study is that currently handled by the
Health Départments of Pulau Pinang and Seberang Perai Municipal Councils
and excludes tbxic industrial waste. 'The'Department]of Environment is
currentlf pfeparing an improvement plan for the con£r01 of ‘toxiec industrial
waste and, therefore, the solid waste management plans for Pulau Pihang and
Séberang Perai have been prepared along the policy that ﬁoxic.industrial
waste will not be accepted at municipal diéposal sites, i.e. municipal

waste and non»toxic industrial waste only will be accepted.

Some toxic irdustrial waste is,.however, dumped at the disposal sites run
by the municipal councils due to the lack of a proper management system for
the treatment and disposal of toxic industrial waste.  In this context, the
Study proposes the establishment of a system to preventftoxic industriai
waste from being hauled into municipal solid waste disposal sites. The
Study also proposes that priority be given to the construction and -
management of sanitary landfill sites (Level 4) with facilities to tfeat
waste water to satisfy the effluent standards of the Department of

Environment.

In view of the facts that the promotion of a pfoject requiring substahﬁial
investment aQainst limited financial resources may destroy ‘the financial
basis of the municipality and that the balanced development of the
infrastructure (including sewage system) in addition to the so0lid waste

. management system is essential for the cost¥effectiﬁe'ﬁtesefvation of a
healthy environment for urban 1ife, it has been decided that the disposal
sites to be constructed in Phase I will be of LeQel 3 where the system of

leachate monitoring and circulation to the disposal sites will pe



_intrdddced, and that these will be ‘improved to Level 4 with leachate
treaﬁmept facility, ete. in_Phase II or in Phase IXI onwards. This
decision is also supported by the environmental impact assessment results
showing the impact of Level 3 disposal sites on the surrounding environment

to be minimal.

Against the above background, the Study proposes the establishment of
meaédrés-to.restrict the haulage of toxic industrial waste to the disposal
‘sites and a water pellution monitoring system, including grouhdwater
pdllﬁtion in order to contribute to the environmental conservation around

the disposal sites.
(4) Step-wise Appfoach

While'the Study examines the desirable s0lid waste management system to be
established by 2005, it also examines the Phase I improvement project to be
impleménted between 1991 and 1995 and interim measures to be introduced
prior to the comméncement of the Phase I project in view of the necessity
 for the step-wise improvement approach which should be compatible with
financial capacity of the municipal councils, A smalifscale pilot project
has been implemented to respond to such requirements as the implementation
of: urgent improvement measures in 1ine with the targets of the master plan
and the verification of.the feasibility of the master plan. With regard to
the collection and disposal, it is proposed that the phased improvement be

conducted in accordance with the following steps.



a. Solid Waste Collection and Cleansing

Review of - Review of

Cellection _ Cellection

Fee Fee
Daily Door- N 3 Times/Week . 3 iimés/Week
to-Dooxr - Door-to-Door  |— : ————=]'Gtation
Collection Collection Collection

Introduction : ‘Introduction

of 3 Times/ ' of Station

Week Collec- Collection

tion ;

New Collection
System Trial

in Model Areas ‘f’”/’;’d,/w’,,/»
}- : Expansion of New

Acquisition of Resident Collection System
Cooperation and Experience ° to Other Areas

b. Disposal

Restrictions of Hawlage of
Toxic Industrial Waste to .
Disposal Bites and Establish-
ment of Monitoring System

Urgent Improvement Construction of Construction of
of Existing Disposal |—3»{ Level 3 Level 4 '
Sites Disposal Sites” Disposal Sites
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The pilot proiéct in Pulau Pinang ¢onsists of 3 timaé/week collection and
once-a-week cleaning. In the case of Seberang Perai, a vehicle control
system has been introduced as an urgent improvement measure in the North
district whereby reservefvéhicles'are secured from existing vehicles to
__improﬁe the vehicle maintenance and work systems. The embankments, onisite
roads and.effluent_qohtrol facilities of the existing diSposal sites have

been improved and cover soil has been applied with positive results,
(5) Selection of Solid Waste Treatment and Disposal System

Although PulaﬁIPinang (MPPP) and Séberang Perai (MPSP) ére separate local
authorities located on opposite sides of the strait, they have begun to
form a single economic zone with the completion of the Pinang Bridge. The
area in question is pne'of the most advanced urbanization and
industrialization areas in Malaysia and the advancement of urbanization is
farticﬁlarly noticeable in MPPP, Agaihst'thése local conditions, the:
important points to be addressed in the planning of an appropriate.solid

waste treatment and disposal system were as follows.

a. Whether or not intermediate treatment is.neceSSafy. _If’neceésary,
which types of technologies should be introduced.

b. Whether or not the transfer of collected solid waste is necéssary,

c. Whether or not an inter-municipal treatment and dispoéal system

covering both Municipal Councils should be adopted.

With regard to intermediate treatment (the above item a.), the feasibility
of both CQm§OSting and “incineration was examined. It was subsequeﬁtly
judged thﬁt-compbstiﬁg treatment was ﬁnféasible due to the limited
marketability aﬁd that the possible inclusion of incineration treatment in
the master plan shouid be considered. Taking into account all the above
three poihts, 8 alternatives have been proposed and evaluated from 4
aspects, i.e. technology, economy'and finance, social system and

environment,



- Separéte Management -
1. Direct Transport
2, Trénsfer
3. Incineration
- Interwmunicipél Management -
4. Direct Transport
5. Transfer
‘6.. Séa Transport
7. Incineration

8. Joint Incineration

The selected alternative is the separate'manaqemént in view of easy _
management and the direct transport requiring the least investment given the

financial background.

In regarﬁ to collection, the .establishment of-thé 3 times/week'station
collection system by 2005 is proposed, assuming suff101ent publlc .
cooperatlon in taking waste to the stations, in order to reéduce - the cost
increase pressure caused by the increased waste volume, dlstant disposal

'51tes and the introdiction of sanltary landflll In the 1mmed1ata future,

however, the introduction of the 3 times/week door-to-door collectxon system

using plast;c bags is aimed at.,
.(6) Envfronmental‘Study
Environmental studies have been made in the following process:
1) Selection of sites for major facilities such.gs disposal sites

-2) Selection of technical system alternatives

3) Feasibility study of the first phase projecks



a. Environmental Study Made in the Selection of Sites for Major

Facilities such as Disposal Sites

~In order to help to select most suitable SlteS from 21 potential sites
;1n1t1a11y 1dent1fled, all those potential sites ‘have been evaluated in
terms of envaronmental impacts which may arise from the-constructlon and
operati@n of the proposed'facilities. Field surveys and data analysis’

have been conducted for the environmental evaluation.

b. Enviroamental Evaluation Made in the Selection of Technical System

Alternatives

Eight {8) alternatives with respect to technical system has been
“presented in the Master Plan,, All those alternatives.have been evaluated
- £rom environmentai view points as well as from some  other points. - This
environmental evaluatlon has been made gualitatively regarding 10 items

1nclud1ng environmental impacts on public water,
¢. Environmental Evaluation Made in the Feasibility Study

Dufing‘the feasibility study, environmental evaluation has been
quantltutxvely carried-out with respect to the three important elements:
water quallty, atmosPhere and noise which may be affected by the
constructlon and operation of the future disposal systems in the three
proposed sitest Pantal Acheh, Kualsa. Muda and Pulau Burong. The
envxronmental evaluation durlng the feasibility study has been carrled

out more in detail than the previous two environmental evaluation.

‘On'théibtherihand, University Sains Malaysia (USM) as a contractor of
‘Ministry of Housing énd~ﬁ0¢ai Government has carfied out an Environmental
:Impact'Assessment:(EIA) which would meeﬁ thé.legal requirement of
Départmeﬁt'of Environment (DOE), and submitted the EIA report to DOE.
The_resﬁlts.of the JICA's environmental evaluation have been extensively

‘used in the above-mentioned EIA.



{7} Finance

The preconditions ﬁdopted in the preparatiﬁn of the financial plan were (i}
an annual municipal budget increase of 4.8% in real terms based on the
structure plans of MPPP and MPSP, (ii) a rsduction in the collection cost by
the introdﬁction of the 3 times/week collection system which is the key
component of the solid waste management improvement plan, (iil) an increase
in the revenue by reviewing waste collection and other fees and (iv) the
completioh of loan repayment or a firm prospect of repayment without
increasing the budgetary share of solid waste management from the present

level.

The loan repayment in the case of MPPP has been found to be feasible if the
proposed cost saving in the collection and the cleansing services was
.realized.--Iﬁ comparigson, however, the s0lid waste management cost will bhe a
heavy burden on the municipal budget of MPSP due to the expansion of
collection service areas and the increase of the service:population,
necessitating the financial assistance by the State or fhe Federal .

Government.
(8) Organizational and Institutional System

§0l1id waste management in both MPPP and MPSP is conducted by the Health
Department which is also responsible for food hygiene and public health,
etc, This institutional setup iz understandable because urban.cleansing is
strongly related to public health by means of preserving a geood living |
environment. However, this setup where the same staff are responsible for
various works invelving different technoelogies and manaéement objectives is
not necessarily desirable in'regard to improving the expertise of staff
members. In addition, the Health Departments of MPPP and MPSP. are
over-sized vis-a-vis other departments in terms of staff and_budéet'and it
is necessary that these imbalances be corrected, There is, in fact, now a
trend fof the section reSpénsible for urban cleansing to be separaﬁed fron
the Health Department and transformed into a new department called Urban
Service Department. In this context, the ABC Plan calls for a.review of the
administrative organization and the Study also proposes reorganization to

follow this trend.



One of the national policies for solid waste management in Malaysia
including ABC plan is the promotion of dontracting-out bf éervices to the
private sector. As the private sector's share is already large in the case
of MPPP, the study considers the improved efficiency of the directly managed
solid waste collection and disposal system is as important as the prémotion
of contracting-out. Therefore, the Study proposes the maintenance of the
private sector's present -share and the improvement on the efficiency of
direct management by MPPP. In comparison, the Stﬁdy proposes an increase
of the privéte sector's share in MPSP to 60% by 1995 in view of the need for
rapid expansion of the collection and dispoéal services on one hand and the
unclear prospect of successful development of the private sector on the

otherhand.
(9) ?1anning Tools and Information System

The collection of basié data and provision of planning tools are essential
fbr'the preparation of a master plan for each municipal council which is -the
strategic target of_tﬁe ABC Plan., The Ministry of Housing and Local
Government has installed weighbridges in 11 municipal councils with the
cooperation of JICA and has established a system for the common utilization
of various data through the Jjoint development with JICA of a computer

programme for the effective utilization of these data.

With regard to planning tools, JICA study team and the Ministry of Housing
':and'Local Government have developed a master plan preparation manual and
plan to hold a workshop to encourage the wide use of this manual by the

municipal councils.

The fostering of manpower and the establishment of an information system
relating to so0lid waste management will be long term issues and, therefore,
continuous efforts by all related organizations in Malaysia to this end are

hoped for in the future.



1.4 Scope of the Study
{1) Study Area

While the Study took the entire areas ‘of both Munlclyal Councils of Pulau
Pinang and Seberang Perai (total area of some 1,000 km } into
con51derat10n, highly. populated urban areas (some 500 km ) were de51gnated

Priority Operational Areas for the master-plan.

With regard to the t9331blllty study deallng with various pro;ects to be
executed by 1995, priority projects were selected from those relating to
Priority Operational Areas for the master plan and were examined for

feasibility.-
{(2) Types of Waste to be $tudied

The solid wastes étudied inclﬁded domestig waste, commercial waste, market
wasté,'industrial Qaste and litter collected from streets, drains, pdrks and
beaches, etc. 1In the case of industrial waste, the Study excluded hazardous
and toxic wastes currently tréated together with other industrial waste by

the generators themselves.

The Study also assumed the treatment or disposal of litter collected'ffom

streets, drains and parks, etc. by competent agencies or departments as has

been the case up to the present,

12—



1.5 Key Assumptions

Key assumptions used in this study as follows:

a. Socio-economic Conditions

- Pfojedted population in 2005 (persons)

- Population rate within a priority

operaticnal area

— Annual increase réte of GRDP in real

term (both MPPP and MPSP)

- Future budget scale of the municipality

* GRDP: Growth Regional Domestic Product

Waste Amount and Composition

-~ Generation amount per capita per day

‘in 1987

~ Annual increase of per-capita waste

generation rate

- Waste composition

{both MPPP and MPSP)

MPPP . MPSP
718, 000 754,000
97% 85%,

. 1985 - 1990 : 5%
. 1991 - 2005 : 4.8%

to increase in propor-

tion to growth rates

~of GRDP based on the

actual budget of 1985.

MPPP MPSP

0.78 %g 0.70 kg

2% . 2%

paper and piastic
will increase, while
garbage and others
will decrease in .

future.



¢. Organizations Responsible for Cleansing Services

The following organizations which are currently responsible for- the -

cleansing services shall remain responsible for the services in the:

future.
MPEP MPSP
- Rivers and monsoon drains DID : DXD
- Grass cutting on state roads JKR JKR
-~ Grass cutting on municipal roads Engineering:
. Dept.

d. Economic Life of Equipment and Facilities

- Container

- Vehicle and heavy
eQuipmeﬁt

- Maéhinéry

- Building'and
foundation

— Oxidation pond

Note:  Economic life of

on the period'of

Economic life (years) Salvage value (%)

3 0
7 10

18 0

30 : 0
8

other facilities for the disposal site depends

its operation,

e. Collection and Cleansing Improvement by Stage

Successful introduction of

reducing service frequency. in residential area

by 1995 and station dollection by 2005 through the residents’ cboperation

and the smooth transfer of

extra labors to the other departments.

— 14



f. Sanitary Landfill Development by Stage

Sanitary landfill will be developed in step by step manner as shown below.

MPPP

Level 4
=f ae | \\Dpening of PADS{Phasell}
ol Level 3} :
o : :
5 \
5 \\\\\Opening of PADS{Phasel)
" Level 2 }
o : : .
o B \\\Mouting—up_of BSDS & JMPDS
Bl Level 1 1 - T
= | N coastal Landfill at BSDS
1990 1595 5060 5005
Year —-— _ :
Lgndfi]l Level and_Target'Year MPPP
MESP S ' )
Level 4 } Opening of KMDS & PBDS(PhaseIII)//f
—
-
‘ § Level 3 .
a0 \\\\g Opening of KMDS & PBDS(Phasel&II)
] Level 2 ¢
o
E \\\Landfill at PPDS & Trench Method at PBDPS
° Level 1 | o ' .
,Present Operation at PPDS & PBDS

1950 1995 2000 2005
Year ———

Landfill Level and Target Year MPSP

g. Quantity and Quality of Leachate Estimated

Pantai Acheh Kuala Muda Pulau Burong
- Quantity 188 87 . 101
(m>/day in 1995)
- Quality ' -
~ BOD {mg/liﬁer). 1,300 1,300 1,300
. COD (mg/liter) 1,500 1,500 1,500



h. Estimakion of Fee Collection for Commercial Waste and Waste to be

Hauled by Generators Themselves

Assumptions regarding Fee Collection {MPPP)

2000 2005

1995
Fee tariff (M§/ton) -~ Tipping fee 6.6 9.9 13.2
1987 price - Commercial . 32.1 48.1 . 64.1
-~ Waste collection
fee
Fee collection rate - Tipping fee o 100% 100% 100%
~ Conmmercial waste 100% 100% 100%
waste collection
fee
Assumptions regarding Fee:Collection.(MPSP)
1995 . 2000 2005
Fee tariff (M§/ton) - Tipping fee 13.6 15.6 16.1
1987 price — Commercial waste 58.4 58.4 60.8
collection fee :
Fee collection rate - Tipping fee 100%  100%  100%
- Commercial waste 45% 67% 100%

collection fee

i. Loan Conditions

Long Term Loans
Middle Term Loans

Short Term Loans

EEPAYMENT SCHEDULE

_RepaYmgnt.over 20 years

with a 3 year grace period
Repayment over 10 years

with a 2 year qface period
Repayment in the following

years

NOMINAL INTEREST
RATE



Other assumptions are described in the following Chapter or Sections by

item: -
~ Chapter 7 ~e—lomm—ciemee Planning conditions
-~ Section 9.2,4 —irmmmmma o -~ Cost estimation
~ Section 12.2 and 13.2 ——w-eew- Financial plan



2, Curresnt Conditioms of Study Area .
(1) Location and Area

" The subject area of the Study (hersinafter referred to as the_Stﬁdy Area)
is the entire Penang State., iOCated in the northwestern part'of the
Peninsula Malaysian at 5°25'N and 100°19 5. Iﬁ_is administratéd by the
Municipal Cduncil of Pulau Pinang (MPPP) which has'292km2'and the
Municipal Council of Seberang Perai (MPSP) which has 738km2 as shown in

Fig., 2-1.

A half of MPPP area is mountainous with an elevation of 60 m of:higher
while MPSP is virtually f£lat with anly 4%:being mountainous with an

elevation of 120 m or higher.

The average annual temperature and rainfall are 27°C and 2,400 mm/year
respectively. There is no clear distinction between the dry season and the
_rainy season, although rainfall is relatively low in December, January and

February.
(2) Population
The estimated population of Penang State as of 1987 was 1,090,600 wiﬁh MPPP

and MPSP having populatzons of 559,300 and 531,300 respectlvely. The
populations of MPSP by district are as follows:

MPPP: Georgetown 225,300 (45.6%).
Other Areas © 304,000  {54.4%)
Total = - 559,300 (100,0%)
'MPSP: North 244,300 (46,0%)
Central 199,900  (37.6%)
South 87,100 {16,4%)
Total 531,300 (100.0%)
MPPP & MPSP: 1,090, 600

—18 —



—

vif South West District

-

6T

.. SCMCEANGY
il g7 North East Dis
gy ;

e

North pistrict {}E—_—-

i
3.
4

4

trict "

LA

- .
e .
N

-] _J".
I

i - ()
b ed

Ly =
SATL TNy ﬁh‘a
A TN =X _"—ry.-
. & - ;‘ Y .
-‘l ]
X o
L ¢ o
b aa & A " * oy
sl ¥
. LR - &
S >

BT AAITE ¥ NEL AT

Fig.

. N R
Vo wan kM [
Y 5 AN :
- IR e -
o e RN

(N -

2-1 Study Area

SRR E2a e
} d /_ :_.' 'l 5

“i%F south District 7 { g

SmEAPN. .
e e
et !

25

*19__



{3) Land Use

MPPP has a series of urbanized areas‘albhg the eastern part of Pehang
Island, with Georgetown at. the center, while kampongs are scattered in the

western part.

In MPSP, urban areas are seen along the coast, with Butterworth and inland
. with Bukit Mertajam, while kampongs are scattered in the remaining vast

area.

Developed areas cover .65.41 km2 in MPPP and 112,03 km? in MPSP, of

which 38.91 kn® and 85.87 Ym? resppctively are used for housing
purposes.. ‘The resxdentlal area of MPSP is almost 2 2 times larger than

‘that of MPPP.

The aggregate length of roads in Penang State in 1985 was 551 km for MPPP
and 1,133 km for MPSP. '

(4)-Ihdustries_and Income Level

The GRDP of Penang State in 1985 was M$4,283 million with a per capita of
M$4,082. Fig. 2-2 shows the breakdown of the GRDP by industry, with the
main inlustry belng manufacturing (38, 9%) followed by sales and - restaurants

(15.2%).

GRDP in Penang State in 1985
Total ¥$4,283 milllon in 1978 price

Other service(2,50) Agriculture(5.30
Kining (0.5%)

Governrent service(l

Busioess service(8,%0)

Harufacturing (39, 00
Sales, restaurants {15, 24

Transportatton(10,4%
Blectricity,etc(2.4%)  Construction(4. 4D

Fig. 2-2 Breakdown of the GRDP



{5) Local Finance

Property taxes and/or land rent are the main sources of revenue for local
governments. In Penang State, MPPP and MPSP, however, the revenue £rom
.these sources has been stagnant dr has even shown a tendency to decline in
recehé yéars;-while expenditure has been steadily increasing. The balance

in both fiscal 1988 and 1989 was in the red.

The estimated asset value in these areas has continuously declined since
1982'&&& to economic recession and the low and selective demand for

- properties, - The.decrease in grants and loans from the Federal Government
in addition its own worsening financial situwation have forced the both

Cduncils to vestrict their investments.
Under these circumstances, both Councils have now been forced to seek new

revenue sources to change their revenue structure and to. promote both

administrative and financial reforms, including expenditure cuts.

51—



3. Current Conditions of Solid Waste Management
{1) Served Population and Collection Amount

The populatlons of MPPP and MPSP in 1987 were 559 300 and 531,300
respectlvely. Solld waste collectlon is conducted in almost all. areas of
MPPP, except in kampongs located in rural: areas far from access roads, ‘The
population with solid waste collection service in MPPP is estimated to be

494,000, i.e. 93% of the total population.

In the.case.of MPSP, it is difficult to éétimate the popﬁlation served with
solid waste collection, as waste colléction.is not thoroughly cohductéd in-
kampongs near urban areas and also because the kampongs . are scattered over
exten51ve-areas. The service coverage in MPSP is estimated to be seme 60%
in terms of populakion (319,000) bhased on the collected s0lid waste amount

weighed at disposal site.

360 tons of domestic and commercial waste is collected daily in MPPP area,
and disposed of at the Bakau Street Disposal Site. The collection amount

per served population is 0.73 kg/day.

191 tons of =olid waste is collected daily in MPSP area, and disposed of at
the Permatan Pauh and Pulan Buron Disposal Sites. The collection amount

per served population is 0.60 kg/day.

(2) Service Level
a. MPPP
Door-to-door collection is conducted daily in almost all areas of MP?P.
This service is also provided in kampongs in Georgetown,'indicating'an.
extessive service level in MPPP, However, the frequency of collection

in rural areas varies depending on Xampongs £rom daily to twlce a week

collection.



b. MPSP

In MPSP, door-to-door collection, in principle, is conducted 6 days a
week in residential and commercial areas. In the case of kampongs,
however, collection from waste stations is conducted 2 or 3 times a week
while the collection frequency in rural areas is very irregular. 6 days
a week collection in residential area is considered to be an excessive

- service in view of the fact that MPSP; service coverage is low.
(3) S0lid Waste Collection
a. MPPP

87% of solid waste collection in MPPP is conducted by private

contractors with the following systems.
i. Domestic Waste Collection (280 t/day)

- SBide Loader Syétem
used by contractors and MPPP itself for daily door-to-door

colliection

< Multi Lift System
used by contractors for cellection in kampongs; heapers collect

waste from each household and load it into containers

- Bulk Bin - Compactor System
used by MPPP .Council; heapers collect waste from each household
and load it into bulk bins

ii. Commercial Waste (80 t/day)

- Bulk Bin - Compactor System
‘used by contractors to collect waste mainly from hotels, offices
and flats

- Multi Lift System

used by contractors and mostly installed at markets



The solid waste generated. in Balik Pulau, located in the western part of
Penang Island, is collected by the Council's own side loaders and.

transferred to multi 1ifts which are transported to the dlsposal site by

contractors,
h. MPSP

76% of the solid waste collection in MPSP area is directly conducted by
the Council itself, with the use of compactors and tipper trucks. '
Compacters are used mainly to collect waste from the communal containers

to which the waste collected from households is brought by the heépers.

Tipper trucks collect bulky waste which cannot be handled by compactors,
and the waste is piled up at collection stations..'Because two types of
waste collection are conducted, the collection areas for each truck are

not clear.
{4) Street and Drain Cleansing
a. MPPP

In principle, the cleansing of streets and drains in MPPP area is
condvnted daily, However, the size of the cléansing areas for which
workers are responsible is diverse, ranging from 400.m to-6,7OD.m for
road cleansing and from 200 m to 3,700 m for drain cleansing, depending

on the area.
In the future, the cleansing freguency reguired for each street and its
side drains should be determined to reflect the relative importance df
the streets.
The number of workers (excluding heapers and vehicle drivers) is 1,138.
‘Based on the average cleansing distance,. the cleansing cost for 1 km of

street (including 1.5 km of drains) is M$11, 500/km/year which is a heavy
burden on MPPP.
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b. MPSP

While cleansing work, in principle, is conducted daily, the subject

streelts are mostly those in residential areas in MPSP.

- In principle, all workers in MPSP are responsible for heaping, street
cleansing and drain cleansing. Of the total 919 workers, some 350 are
¢ollection veshicle crew and, some 570 workers are assumed te be engaged

in the above three types of work.
(5) Intermediate Treatment and Recycling of Resources

MPPP has the following carcass incinerators although they do not deal with

domestic waste.
a. 01d baﬁch type incinérator at MPPP workshop
b. New rotary kiln type incinerator at MPPP workshop
q. Small batch type pig incinerator in Batu Maung
MPSP has ﬁq incinerator at present.

There are no other facilities to either mechanically or manually select
valuable resources from solid waste for recycling purposes in both Pulau

Pinang and Seberang Perai.

The recbvery of recyclable items from waste in both Pulau Pinang and
Seberang Perai is*mostly conducted by individuals or small groups on a
door-to-door basis at the sources of waste generation, including houses,
markets ‘and factories. 'Scavengers operate at disposal sites to recover

recYclable items oh a small scale.

The main.récdvéred items for recyéling are iron, non-ferrous metals,
'plastics, paper aﬁd glass bottles, etc, Iron, for example, is sold to a
steel mill in Seberéng Perai while glass bottles are sold in Kuala Lumpur.,
Plastics, non—ferrous metals and paper, @tc. are exported in bulk to

Thailand, Burma, Japan, India, Hong Kong and some other countries.



(6) Final Disposal Sites
a. Bakau Street Disposal Site (BSDS)

As of Febrﬁary 1989, all solid waste disposal ih_MPPP was conducted by
coastal landfill at the BSDS where the controlled tipping methqd is.
employed and a closing band has been pértially constructed, Both the
-controlled tipping and the closing band are, however, inadequéte and

there is a problem of outflow of solid waste and leachate into the sea,
In addition, the BSDS is close to urban areas, and the'residents of
these areas frequently complain about the bad odour and scattering of
solid waste, stc.

The BSDS is outlined in Table 3-1.

Table 3-1 Outline of BSDS

2. Service Area

Entire Penang Island

b. Disposal Amount 414 t/day (1987)

L)

Mostly municipal solid waste plus some
types of industrial waste, including
construction waste or municipal waste such
as domestic wéste,_commercxal waste, street
sweeping, drain and beach’ cleans;ng waste
and non-toxic industrial waste accepted by
the council such as construction’ and
demolition waste

..

¢, Subject Solid Waste

d, Landfill Area

Approximately 10.4 ha

e. Service Periocd

L

April 1987 (opened) - December 1990
{planned closure)

f. Former Land Use :  Beach

g. Future Land Use

ua

Undecided

h., Land Ouner Penang State Government

__26H_



b. Permatang Pauh Disposal Site (PPDS) and Pulau Burong Disposal Site
(PBDS) '

As of Tebruary 1989, all s01id waste disposal in MPSP was conducted by
low marshland 1andfill at the PPDS and PBDS. Both sites basically
employ the open dumping method, causing various environmental problems
which include fires and bad odour in their vicinities. Immediate
improvement measures are, however, being implemented at the PPDS, the
main disposal site, and the conditions of the site are rapidly

improving. These sites are outlined in Table 3-2,

Table 3-2 Outline of PPDS and PBDS

PPDS : PBDS

North and Central

Service Area s .
s D : Districts . .

South District

Disposal Aﬁdgnt 235 t/day 25 t/day

Mostly municipal solid waste plus some types

of industrial waste, including construction
: ~waste or municipal waste such as domestic
Subject Selid waste, commercial waste, street sweeping,
Waste drain and beach ¢leansing waste and

: non~tokxic industrial waste accepted by the
council such as construction and
demolition waste

Landfill Area 7.1 ha 4.0 ha

R . 1981 {opened) - 1981 (opened) -
‘Service Period December 1991 December 1991

: (planned closure) {planned closure)}
Former Land Use Low marshland Low marshland
Future Land Use Undecided : Undecided
Land Owner State Government .-State Government



(7) Main Equipment and Facilities
a. MPPP

.MPPP has 22 collection vehicles: 14 side loader yehicles and 8

compactor vehicles. -

Average vehicle age is 5.5 years. All of the compactor vehicles were
bought in 1980. Three of them are out of order. The side loader

vehicles were bought in 1983 and 1984.

MPPP employes 5§ contractors for waste collection as of Feb. 1988. Each
contractor has his own vehicles which consist of side loaders, compactor

and arm roll vehicles. Total number of vehicle is 57 at preseat.

A bulldozer and a tyredozer are using at BSDS where a wéighﬁridde’is

installed to measure the waste amount of each collection vehicles.
b. MPSP

MPSP has 54 collection vehicles: 30 tipper trucks, 15 1argé éompéctor

trucks, & mini compactor trucks and 3 crane trucks.

The average vehicle age is 7.7 years. 48 vehicles are in operation and:
the remaining 6 vehicles seem to be out of order, 35 veﬁicles.(ﬁﬁ%_of
total number of collection vehicles) were bought before 1980, MPSP will

have to purchase new vehicles within a few years.

MPSP employs 7 contractors as of 1988 with 1 -~ 3 cblleqtion vehicles

each.

PPDS has a weighbridge installed in Feb. 1488 and heavy equipmeﬁts for
landfill are operated irregularly, while PBDS has no facility and

equipment.



{(B) Organization
a. MPPP

MPPP has two main departments involved in solid waste management {(S5WM),
i.e, the Health Department and the Engineering Department. The former
*is the principal deﬁartment responsible for SWM, while the Enginéering
Department bears responsibility for vehicle maintenance and disposal

operation,

The present organization of the Health Department in MPPP chart is as

shown in Fig; 3-1.

Department Head (1)

Medical Doctors’ _ Medical Officer (1)
Clinics Chief PHI (1) Chief Clerk
Sr. PHI's (10} Administrative
- Sesction
PHI's (25)
Inspectidn & Selid Control - Night-
Licensing of Waste ' of o soil
Food Handlers & Management _ Vector Management
Other Trade :
Premises
SR N SOOI — L i
| 8r. Overseers ‘8r. Qvérseers(ﬁ) Sr. Overseers Sr. Overseers
Overseers - Overseers (48) Overseers Cverseers
Mandors Mandors (78) Mandors " Mandors
Laborers .- | Laborers (1387) Laborers Laborers

Fig. 3~1 Organization of MPPP's Health Department
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1,550 persons approximately are involved in SWM in the Health

Department.

b. MPSP

In MPSP, the Health Department is solely responsible for SWM; the

départment is responsible for not only waste collection and haunlage but

also disposal site operation.

The Health Department has an organization as shown in Fig. 3-2.

Department Head (1) '

Chief PHI (1)

[ _ i i R
North 1 " North 2 Central  South
Branch Branch i " Branch Branch
Sr. PHI ( 1) | | Sr. PHI ( 1) sr. pHY ( 1) |{lsr. PHI ( 1)
PHI's { 3) PHI's { 3)).j|pHI'S ( 4) PHI's { 3
Overseers{ 8) Overseers{ = 9} Overseers( 12) '-Overseers( 5)
Privers ( 10) Drivers ( 9) Drivers ( 11) Drivers: ( 8)
Mandors ( 10) Mandors { 11} Mandors ( 19) ‘Mandors ( 8)
Laborars {218) Laborers (205) Laborers (256) Laborers {160)
Total _(250) Total {238} Total {303} Total {185)
— - - - : -
Administrative Section ' 2 Clinics

Licensing Unit Computer Unit Administrative Unit

~ License —~ Computex —~ Administration
~ Stall © - hcoounkt '~ Records
- Hawkers - : _ - Typists

Fig. 3-2 Organization of MPSP's Health bepaftmént .

about 1,000 persons are involved in SWM in the Health Department, which
represents 86% of all the manpower (1,160} of the HéélthrDepartment.



{9) Contracting Out
a. MPPP

In line with the national policy on privatization, MPPP first awarded a
contract to a private company in 1979 to remove refuse for disposal.
MPPP has . probably more experience than any other loc¢al authority in

Malaysia in the privatization of the waste collection service.

In the early stage of- privatization MPPP had many problems, such as poor
Contract_sefvices and difficulty in controlling the contractors. MPPP

has mostly overcome these problems.

The contracting out rate was as high as 95% in 1986 and 1987 in terms of
waste amount collected. However, the rate of COntracting out dropped to

87% in 1988 by the suspension of the contracts with three contractors,
b. MPSP

MPSP, upon conclusion of the contracts with former contractors,
recruited seven contractors. None of them have previous experience in

the waste collection service.

Since they began providing services on 1 May 1988, complaints'from
residents have increased. There is obviously much to be improved with
“respect to the contract services as well as MPSP's monitoring and

supervision system.
Unlike the contractors employed by MPPP, MPSP's contractors are
responsible for not only waste collection but also street/drain

cleansing in the respective contract area.

Tt is estimated that the contractors collect 24% of the amount of waste

collected in MPSP's area.



{10) Finance
a. Solid Waste Management Cost
The expenditure for solid waste management (SWM) isfa'major_part of the
total municipal budget in both MPPP and MPSP., 1In 1987, the expenditure
for SWM shares 27% of the total municipal revenue in MPPP, and 31% in

MPSP, as shown in Table 3-3.

Table 3-3 Financial Situation on SWM

(M§1,000)
MPPP (1987) MPSP (1987)
- SWM Expenditure (a) | 18,729 9,864
- Total Revenue (b) 68,860 31,359
- Total Expenditure {(c) 75,985 39,589
- Ratio of a to b (asb) 27% . 31%
- Ratio of a to ¢ (a/e) 25% 25%

An estimation of SWM cost based upon the number of employees and .
vehicles involved in each service shows that the cost of refuse
collection shares over 40% of SWM cost, while the cost of refuse

disposal shares only 3% in MPPP,

The average cost of refuse collection by MPPP and its contractors is
calculated_as M$67/ton. And, the corresponding average cost of MPSP and
its contractors is M$84)ton in MPSP. The said cost .(M$84/ton) includes
street/drain cleansing cost borne by the coatractors as well. The cost
of refuse collection and disposal will increase because of-the following

factors:

1) Waste amount will increase.
2) Disposal sites will get farther,
3) Disposal standard needs to be upgraded.

The refuse collection service is partly contracted out. thtraﬁt&rs
receive 78% of the refuse collection exﬁénditure in MPPP, and 32% in
MPSP in 1987.



‘b, Fee Collection

In MPPP; fees ﬁor the_collection of commercial waste and for spécial
collection are charged, although the fees are not enough to cover the
actnal cost. On the other hand, fees for domestic waste collection are
not collected because the assessﬁent is supposed to cover almost all SWM

costs.

Tipping fees {(fee for the use of the dump site) are collected in MPPP,
The -amount does not depend on the amount of waste hauled. Instead, a
fixed fee is charged per user, per month, It is said that the -

efficiency of the fee collection is nearly 100%.

" MPSP, on the other hand does not collect either commercial waste

collection fees and tipping fees.

._u33,__



4, Evaluation of the Curvent Conditions of Solid Waste Management -

4.1 Appreciable Current Management Practice

Appreciable points with respect to solid waste management of MPPP and MPSp

include the following:

{1) MpPP

MPPP provides high level collection service {@oor-to-door collection

on daily basis)} in almost all the MPPP area.

MPPP has two independent collection systems: one for domestic waste,
the other for business establishments which 6ischarge_large.amount*of
waste. To have those two independent collection sYstéms i; more .
efficient than a case where there is only one coilection 5yéﬁem for

the two types of wastes. (domestic waste and large amount waste)

MPPP ¢ollects two kinds of fees from the service recipients: one is
the fee for commercial waste collection, the other is tipping fee for
disposal service. The fee collection system, if further developed,
will) contribute much to the strengthenlng of the finadcial base for

solid waste management.

MPPP has made efforts for the standardization of storage and discharge

- system for highrise buildings (i.e. dust chute with bulk-bin).

Disposal standard at the existing site has greatly improved during the

past few years through periodical soil covering.

MPPP uses a weighbridge for many years to monitor waste amount brought
into the sites, through which contractors' performance has been |

evaluated.

MPEP under the leadership of Ad Hoc Committee has served as a ploneer

in the promotion of prlvatlzat1on of solld waste collection service,

and gained valuable experience in this field.



h. MPPP has small incinerators to treat waste such as dead animals which

1.

cannot be directly disposed of.

The pilot project for introduction of 3-times-a-week-collection and
once-a-week~-cleansing in Bayan Baru area has been successfully

executed.

{2) MPSP

MPSP has been making efforts to provide better collection and

c¢leansing services under the financial constraint,

Health Department has a sub-office and a garage in each district in
ordexr to providé-waste collection and street/drain services at
respective districts. Such system is good in view of the geographical

conditions in MPSP area.

MPSP has provided depo and improved hand-carts in new housing

developmenﬁ'area, through which waste collection efficiency has been

increased.

MPSP has been making.effbrts.to develop Local Authority Management

Information Service (LAMIS) and some mapping system together with USM.

MPSP demonstrated its ability to improve waste disposal standard

within a short period by construction of on-site roads and application

of covering soil.

MPSP has been actively and creatively using weighbridge in order to

improve waste collection efficiency.

All the above apprediable points have been taken intc account in the

preparation of the master plan.



4.2 Major Deficiency of Current Management Practice

Major deficiency of the current management practice is caused by the

following problems and issues.

(1) Low'operational efficiency

(Z)IInadequate sanitary landfill

(3) Weak management -

(4) Inadequate citizens' cooperation

(5) Weak financial base for solid waste management

(6) Insufficient service coverage (MPSP)

There are many factors which lead to_the ahove problems and iséues as shown

in Fig. 4-1 to 4-7.
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Storage and discharge .

Inappropriate bousehold bin and
insufficient standardlzatlon
Dugst~chute system without

p— Servxce fraquancy and c———
. collection p01nt

Comblnatlon.of dally collection
and door-to-door collection

containers which necessitates
much. scraping work .

Access to Collection Point

- Poor access to dust-chutes in

highrise buildings ]

~ Poor access to houses in
Kampongs

— Contalner

~ Poor malntenance of communal
containers in MPSP :
- Poor maintenance of dust-chute —
containers '
—'Rectangular bins are used in
MPPP which need scraping work

Resident cooperation

- Pooricooperation for using . L—
proper household bins

i

Collection vehicle

‘Side~loaders and opsn-trucks of

which efficiency is lower than
compactor vehicles are used
Most vehicles are too old,

and cause frequent breakdown -
and ‘serioils maintenance
problems

Vehicle dlstrlbutlon by area

.is not appropriate in MPSP

Management

_ Poor 1nstructlons to. res;dents

regardlng proper storage and
discharge of WasLe

Work standard is not.provided
Poor control of wvehicle usage
Poor labor management

Low efficiency of waste collection

I

{Constraints}
Area Conditibn _ Lfnsufficient fund Acquisition of yesi-
- Poor acce331b111ty in . ; ' dents' cooperation
Kampong takes time..
~ Traffic jam in George—
town

Fig. 4-1 Factors which Cause Low Operation Efficiency




Street Bweeping System -——r-——
Daily sweeping in residential
area

Individual work system
Insufficient mechanizaticn of

‘street sweeping of main road

]

Mixed work system in MPSP

Drain Cleansing and Grass
Cutting System

Daily drain ¢leansing in resi-
dential area :

Manual work of grass cutting
Hard work of monsoon drain
cleansing C

Sunk of drain

‘Individual work system

Resident’Cooperatibn

Dumping of grass and tree
Littering of waskte in drain
Insufficient cooperation to
malntenance area clean

- Shortage of qrass cutt1ng

Equipment

Fregusnt breakdown of street
sweeper

machine

Lack of mechanlzation for
monsoon drain elean31ng
Lack of eguipment to deliver
equipments and laborer.

" Management

'Difficulty of laborer

Lack of work standard

control because of indi-
vidual work system

Lack of proper incentive
system

Inadequate laborer dlstrxbuu
tion :

Low operation efficiency of
cleansing work

/]

Area Condition

Insufficient drain
structure -
Difficulty of

Laborer System —

- Difficulty of re-
arrangement of
laborers

Finance

- Lack of fund for-
mechanization

drainage at outlet

Fig. 4-2 Factors of Low Operation Efficiency of Cleansing Work
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e Lowépriority Given to Final Disposal —

'.,Weﬁkiﬁwéfeness'of the Importance of Sénitéry
Landfill ‘ o

¥

. —— Poor Planning for — Small Inputs of —
' : Resourges such as

_ Future Disposal

system - Money
- Land Acquisition ~ Manpower
- Gperational Improve- ~ Egquipment
ment - '

- Ultimate Uée'of the
Completed Land£ill

Inadequate techunical &
< Financial Support by the
Federal Government

\

Inadequate Sanitary Disposal

Fig. 4-3 Factors Leading to Inadequate Sanitary Disposal



Génpral Responsibi
PHIs in Health Dep

1ity'$fstemuof
t. where o

Specialization & No Concentra-

tion on SWM is Rea
Management Level

lized at

Insufficient Work-Morale Control and
Disciplinary Control by Councils'
Top Administrators :

oy

Too Busy with Da
Jobs of Differen

ily'Rbutina'
t Nature

N

Inputs

No Room for Creative &
Systematic Thinking, and
therefore No Generation of
Planning & Managerial

-

Performance

Lack of Systems for Bvaluation of
Individual Employees' Work '

4

Weak Management.

ment on Management)

(o Improve-

N

L

A

!

No Improvement on
Operation System

Weak Labor
Management

Lack of Cooperation

_ Among staff and .

- Between staff &
Workers

Ro Incentive for.

Hard Work and

| Improvement at
Individual Level

Lfittle Work at Indivi

dual Employee's Level

b

Under-ntilization of Manpower and Other Resﬁﬁrces

b

Low Productivity and Low Operational Efficiency

Fig. 4-4 Factors Related to the Weak Management
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Poot Instructions to'
the Public

.'No Standard/Guldellne

Non Contxnulty

No tralnlng for Councal 5
Instructor '

Unfair and Weak Law
Enforcement

Inadééﬁaﬁy in Public
Education through:

Resident's Association

Religious Association
Political Party
School

- Illegal Dﬁmping
~ Illegal Waste Discharge

Inappropriate Response — —

to the Public Complaint

'poor to Door Service
in Daily baiss

- Mo places to Cooperate for

V.

the Council's Operation
by the Residents

Cooperation

Inadequate Citizénsi

7

Financial Difficulty

Fig. 4-5 Factors Related to the Inadequate Citizens®

g ]

Shortage of Managerial Staff
in Middle Class

Cooperation



[ Increase of waste‘ :Lbnqér Distance Increase of Increasing Needs
Amount & Change “to Disposal Wage & Salary| [ for Environmental
of Waste Compo- Site : Conservation

gition due to
Urbanization

[

2 | s10w Rrationalization
' of SWM ‘

SWM Costs Have Not'
been Identified

hocurately
L —

Difficulty in
Obtaining the
Council Assembly’'s
Approval for SWM
Budget Increase

pifficulty in-
Obtaining consent .
to the introduc-
tion of Bemeficia-
ry-Pay-Principle

N

Rapid Increase of] Difficulty in Increasing
SWM Costs _ Revenue ' : '

A4

Weak Financial Sﬁpport: 
by the Federal Goverament

/N

A

Financial Difficulty

Fig. 4-6 Factors which Cause Financial Difficulty



— Service Level

- Daily and door to door
collection in housing estate

area :
H_leflculty to prov1de door
" to door service in rural area

- Irregular co1lectlon in rural

— Pianﬁing

not established

service level in rural area

- Target on service coverage is

Equipment

Frequent breakdown of collection
vehxcle

Local of reserved vehlcle
Insufficient number of tools

- Lack of setting up of minimum

‘Resident booperatioﬁ -
Insufficient resident
cooperation of discharging

waste
- Lack of proper 1nstruct10n

Orgénization
Lack of planning section

Lack of assistance to overseers
from PHI

Management

Inadequate VEthlE dlstrlbutlon
Lack of vehicle control system

Difficulty of controls on indi-
vidual work

Insufficient inspection of con-
Lractors

\

Insufficient Service Coverage in MPSP

Area Condition

‘Finance Manpower
—.Scuttefed villages -~ Shortage of financial | ~ Unable to increase
in large'area : ‘source due to non-recruit-
- - Assessment of rural ment policy of the
area is very small Federal Government

Fig, 4-7 Factors related to Insufficient Service Coverage in MPSP
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4.3 Needs for Short Term and. Long Term Improvement Plans

The problems mentioned above are classified into two categories; these which
may be possibly improved in short term and those which may only be solved in

long term due to financial and social contraints.
Improvement plans which do not require large initial investment can be
implemented immédiately,.ﬁhile thdse'whiCh require a large initial

investment may have té'bé'implemented_in a2 longer term and stepwise manner.

Execution of interim measures and immediate improvement plans including

pilot projects will be usuful to examine the feasibility of 16ng~term plans.



5. Goal and Targets
5.1 Goal
The goal of the:Master Plan is proposed as follows:

"pevelopment of a Beautiful and Clean Living Environment towards the 21st
Century through Citizen‘iParticipation and Establishment of Self-Sustainable

§olid Waste Management" -
The following shouid-be‘implemented to attain the above goal.

(1) Estabiishmentjqf an efficient solid waste management system

(2) Establishment of reliable collection system under which regular
serQice gaﬁ be provided.

(3) Construgtion.bf sanitary 1andfili which enmploys sufficient measures
for envi:onﬁental.protection

(4) Establishment of Behéficiary»PaymPrinciple'undéf which service
reciﬁients pay tiﬁping fee and comﬁerciai wasté.collection fee.

(5)‘Thorough control of hazardous and toxic waste

(E)_Pfoviéion:of appropriate waste collection service for squatter'érea

(7 Strengthéning of the management and administration system

(8) Rationalization of solid waste management through the promotion of

privatization



5.2 Master Plan Targets and Planning Conditions
(1) Collection Service Coverage

The entire population in the priority operational area will be served by

1995,
: MPPP’ MPSP
UNIT 1995. 2005 1995 2005
- Population Person 615,700 718,000 627,100 754,100
.. Service Population Person 584,400 - 695,500 485,200 641,000
- Service Coverage ' % gs5 a7 . S & 85
- Non-Service _ 3 :
Population Person 31,300 - 21,500 . 142,100 = 113,100
- Collection Amount t/d 470 670 342 -+ 540

(2) Final Disposal {(Sanitary Landfill}

All the waste collected and hauled directly to disposal sites will be
disposed of by sanitary landfill method from 1995 and thereafter,

- _MPPP o MPSP

uNIT 1995 2005 1995 . 2005
- Disposal Amount e/a 539 770 437 679
- Sanitary Landfill €/a 539 770 437 679

- Ratio £ 100 oo 100 100
(3) Securing Financial Resources for SHM
SWM expenses will be covered by assessment and waste collection fees which

will be collected from business establishments as well as by tipping fees

collected from disposal service recipients.



5,3 Approach to the Attainment of Goals and Tafgets

Establishment of an efficient waste collection and street/drain cleansing
systems as well as realization of sanitary landfill are two major goals.

Fig. 5-1 schematically shows goals of the Master Plan.

Clean & Sanitary
Living Conditions
h

;Pf@vis%op.qf Reliable Strengthening of | Réalizatiqn of .
| waste Cellection and | Management & Sanitary Landfill
Cleansing Services ‘ | Administration

5

Establishment of Acquisition of Budget
Efficient Collection . for Construction &
5 Street/Drain . - Operation of Sanitar
Cleansing Services Landfill :
A : o : ‘ Y
Financial
Assistance
by the Federal
Government
. . : B 1
Cost Reduction through __j Citizens' Establishment of
Introduction of New Cooperation Beneficiary-Pay-Principle
Collection & Street/ : {Tipping fee and com-
Drain Cleansing System ' mercial waste collection
of Reduced Frequency : _ fee)

Fig. 5-1 Approach to the Attainment of Goals



Stepwise (Phased) Improvement .

The Master Plan Goalsg cénnot be attained in a short time. Stepwise
improvement is a practical and wise approach for the attainment:of the
Master.Plan qgoals. It-hés heen prbpbsed that ﬁhé Master Plan period'(from
présent'to 2005) be divided. into three Phases; Phase 1 (1991-1995), Phase 2
'(1996m2000) and Phase 3 (2001—2005). Fig., 5-2 illustrates thing to be done

in each phase,
Immediate Improvement Plan and Interim Measure

Some of the 1mprovement plans Wthh do ‘not requlre much 1n1t1a1 1nvestment

can be 1mplemented even before the start of Phase 1. The 1mp1ementat10n of
1mmed1ate improvement plans and interim measures are extremely 1mportant in
the sense that it would lay a foundation for smooth execution of subsequent

plans,

Pilot Projects

The execution of pilot projects will be requiréd beforée the iméléméntation
of certain improvement plans if thelr feasibility needs to be proved
beforehand. Examples of this type of plans 1nclude the 1ntroduct10n of a 3
times/week collectlon whlch has been succesafully tried by MPPP in Bayan

* Baru and a waste station collectlon system which is recommended in the .

Master Plan as a fubture collection system in view of increasing efficiency,

_..48__.



Phase 11
e |

Phésq I

Interinm
Measures

Master Plan
Stage

Goals
S/ Targets

Phase I11

-Further improvement of
second phase coliectxon
bEIVlCG
~Grade-up of sanitary .
landfill operation in MPSP
-Revision of fee charging
system '

~Second phase improvement
of collection service

—Grédevup bf.sanitary
landfill operation in MPPP

~Establishment of USD

~-First phase improvement of
collection and cleansing services

~Constraction and operation of .
sanitary landfill sites(level -3)

~Introduction of fee charging
- system in MPSP

—Preparatlon of phase 1 progect
1mp1ementat10n' '

-~Expansion of life span of ex;stlng
dumping site

-EIA

-Draftiﬁg of master plan
—Feasibility study

~Immediate improvement project

Fig. 5-2 Phasing to Goals and Targets



6. Basic Planning Conditions
(1)"Future Population

1995 populatlon is pIOJEcted at 615 700 in MPPP and 627 000 in MPEP, as.
shown in Table 6 1, 1 e, 1.10 and 1.18 tlmes hlgher respectlvely than the
present population, while 2005 populatlon is projected 718, 000 in MPPP and
754,000 in MPSP, i.e. 1.28 and 1.42 times higher respectlvely than the
present populatlon. The population in Penang state in 1995 and 2005 will
be 1, 24? 800 and 1,472,100 respectlvely, i.e., 1. 14 and 1.35 tlmes higher

respectively than the- present populatlpn.

Table 6-1 Planned Service Population (Persons)

1987 1990 1995 . 2000 2005
MPPP 559,300 568,000 615,700 667,400 -713.9097
MESP 531,300 565,400 627,100 691,900 754,100
Total 1,090,600 1,133,400 1,242,800 1,359,300 1,472,100

(2) Future Land Use

Total land development of 2,950 ha. by 2005 is requlred for MPPP, and :
2,441 ha for MPSP, '

'New roads will be constructed at the rate of 0.2 km/ha and 0 05 km/ha in
residential areas and 0, 05 km in other areas respectlvely.: Add1t10n31 roaé
length will be 381 km in MPPP and 314 km in MPSP. upon the completlon of the

new roads.



(3) Future So0lid Waste Amount and Composition

The amount of ‘solid waste to be generated will increase in accordance with
the increase of. population and per capita waste generation rate, which
. would be caused by the rise in the living standard. The future per capita

generation rate is expected to increase by 2% a year.

The dailg.generation amount of solid waste in MPPP and MPSP for specific

years will be as shown in Table 6-2.°

" Table 6-2 Daily Generation Amount (t/day)

1887 - 1990 1995 2000 2005
MPPP 432 464 556 660 - 784
MPSP 372 419 514 627 754
Total 804 883 ~ 1,070 1,287 1,538

In:genéral the ratics of waste wood and garbage decrease and the ratios of
'paper, plastics and 1ncombust1ble waste increase with an 1mprovement of the

lJVlng standard ‘and expan51on of 1ndustr1a1 act1v1t1es._

The future composxtlon oE 501id waste has been estimated based on the

following,assumptlons and is shown in Table 6-3.

- annual 1ncrease rate of paper and plastic waste

t 1%
- annual increase rate of 1ncombubt1ble waste s 3%
: 1%

- annual decrease rate of waste wood and garbage



Table 6-3 Future Solid Waste Composition -

Compoéition (%)

—.Paper

- :Textile

- Plastic

- Rubber

- Wood

-~ Garbage

- Metal

- Glass

- Stone

- Others
Total

Moisture Content (%)

Organic content (%)

. Ash content(%)

100.0

DOMESTIC WASTE

7 1995 = 2005

26,5 27.5 3o.1

3.4 3.4 3.4

11,2 12.1  13.2
0.8 0.8 0.8
144  13.3  11.8
32.8  30.2  26.9
2.6 © 3.3 4.1

1.4 1.7 2.1
0.2 0.2 . 0.3

7.8 7.6° 7.4
100.0° 100.0

55,2 54,1 52,7

35.4 35.6 35.8

9.4 10.3 11.5

©100.0 100.0.

COMMERCIAL WASTE

1087 1995 2005

31,5 - 34,0 37.2
2.9 2.9 2.9

118 1207 13.9
0.8 0.8 0.8

9.7 8.9 7.9
30.0 ~ 28.5  25.4
3.3 4.1 5.1
1.0 1.2 1.5
1.0 1.2° 1.5
7.3 5.8 4.0
100.0

53.5  52.3 50,9

'36.1 36.3 36,6

. Net Calorific Value (KCal/kg)

Density (t/m3)

1600 1600
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(4) Financial Conditions

The annual growth rate of the GRDP of Penang State is assumed to be 5%
until 1990, which is the sawe as that used in the 5th Malaysian Plan, and
declines to 4.8% thereafter. This 4.8% ié the minimum growth rate
suggested in.the Structural Plan for MPSP. Tabie 6-4 shﬁws the resulting'
future GRDP of Penang State, |

Table 6-4 Estimated Future GRDP of Penang State

(1978 price)
1985 1990 1995 2000 2005

-Growth Rate (%)} ' 5.0 1.8 4.8 4.8
GRDP (M$ million) 4,283 5,479 6,926 8,756 11,069

The same growth rates are used to estimate the future revenue sizes of MPPP

" and MPSP which are shown in Table 6-5 based on the actual revenue of 1985.
Table 6-5 Estimated Future Revenue of MPPP and MPSP

{M$1,000 in 1987 price)

1985 1990 1995 2000 2005
MEPP 68,860 © 79,714  100,772. 127,394 161,047
MPSP 31,359 36,302 45,892 58,015 73,342
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7. Immediate Improvement Needs and Plan
7.1 Immediate Improvement Needs

Immediate improvement needs have been identified considering following

eriterias

a. Possibility of immediate improvement.

b. Efficient use of existing resources without large investment.

c. Achievement of tangible improvement effects in short time.

d. Possibility to become a model for future improvement.

There are two types of immediate improvement needs as shown belows:

a. Improvement needs in crucial area which has specific problems. .

b. Improvement needs to demonstrate the feasibility of introducing a
future syétem. (Eg. Pilot project for the introduction of 3 times/week
collection system in Bayan Baru) '

The implementation of those immediate improvement projects is very important
in view of the fact that the Master Plan targets will be achieved only
through step-wise improvements.

Immedizte improvement needs in MPPP and MPSP have been identified as follows:
(1) Collection and Cleansing

a. Conversion from the double handling systeh adopted in some areas to
single handling; '

b. Discharge of solid waste by residents of medium and high rise flats:

¢. Discharge of solid waste by using plastic bags;

d. Introduction of the three times a week collection System;
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Improvement of cellection service to kampongs by regular collection

together with public coopération in s0lid waste discharge;

Establlshment of regular collection service and 1mprovement of the

collectlon eff1c1ency by using weigh bridge;

Reduction of road and drain cleansing frequencies.

Execution of preventive maintenance for collection vehicles.

Stepwise increase of the rates of fees for commercial waste collection

(MPPP)

Introduction of fee collection system for commercial waste collection
(MPSP)

{(2) Final Disposal

b.

Ce

Improvement of the surrounding environment of the present disposal

‘sites

Stréngthening of the present landfill management

Fuller utllizatlon of existing manpower and equlpment

Modlfxcatlon to the disposal fee sysatem (MPPP)
Introduction of the disposal fee system (MPSP)

7.2 Immediate Improvement Plan

(1) MPPP

a. Collection and Cleansing

It has been proposed that the following immediate improvement projects be

implemented in Bayan Baru.

1, 3 times a week and door to door collection in residential area

ii, Use of plastic bags
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1ii. Team works in street sweeping and drain cleansing and clearing of

bulky and garden waste once a week.

Frequency of street sweeping

- In front of shops Daily sweeping
-~ Residential area _ Once a week
Frequency of drain cleansing Ongce a week
Grass cutting ' Omce a month

iv. Monitoring Indicator
The following monitoring indicétors should bs used
1) Cleanliness of town (Bulky and Garden Waste)
2) Ratio of plastic bag use , _ _
3) Waste amount collected by one vehicle (t/day/unit) -
4) Waste amount collected by one laborer (t/day/person)

5) Street and drain length covered by one laborer (km/person)

The implementation of the above projects have been started on 1st of

March 1989,

b. Final DPisposal
i, Construction of Buffer Zone
In order to mitigate the complaints, it has been proposed that a
buffer zone which consists of an embankment, vegetatibn and a gas
removal facility be constructed in front of the new low cost housing.

ii. Comstruction of an Enclosing HNet Fence

In order to prevent floating items from being washed away into the

sea, it was recommended that an enclosing net fence be installed,



iii. Modification of the disposal fee rates

The present]diSposal fee is a uniform rate of M$6Q per month for each
applicant for the use of the BSDS for an unlimited disposal amount.

The Study Team has proposed MPPP 4o reconsider the disposal fee system.
(2) MPSP
a. Collection and Cleansing Work

Control of collection vehicles should be done at garages of collesction
vehicle locéted in Mak Mandin. The proposed organization scheme for
vehicle contfbl system is shown in Fig..Tfl. It shows that both a
vehicleIOVepseef-and a research and planning section are responsible for
vehicle control and its improvement,

Their functions are as shown below:

i. Vehicle Overseer

 Instruction of daily ﬁorks_

‘Recording on daily collection work of vehicles

Collection of data

1

. Weighbridge data
« Weekly drivers record

+ Maintenance record and schedule

Preparation and submission of weekly report.
ii, Research and Planning Section
- Preparation of moanthly report

- Preparation of plans for proper vehicle assignment,

- Instruction and guidance to vehicle overseer



' Chief Health Inspécto'r_l

Monthly Report

. Weekly
Senior Health _ Research and
Inspector Report | Planning Section
(Nofth'District) '

o

Weekly Report

[Vehicle overseer|

Vehicle _ Monthiy vehicle
maintenance Weekly Record
record Driver record '

Workshop IDriversl ' 1 Weighbridqel

Fig. 7-1 Organization for Vehicle Control

Final Disposal for MPSP

i. Tiprovement of on-site road at the PPDS

In order to maintain smooth access to the WOrking'face'and to protect
collectlon vehicles from frequent damage, it was proposed that MPSP
improve the on-site ‘road by embankwng and gravel pavement.-

ii. Application of cover materials

Minimum application of cover material was proposed to prevent

surrounding environment from damages and nuisance.
iii. Establishment of disposal site bqundary at the PPDS

In order to minimize the surroundlng area from being affected by
operation at the PPDS, it has been proposed that a site boundary to be

as follows:

- To c¢lear, compact and level the site boundary
- To constiruct an enclosing bund using burn-out waste and soil
available at the site

- To cover the bund with soil
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7.3 Interim Measure During 1989 - 1091
(1) MPPP

Upon the commencement of the Pantal Acheh disposal site, the collection and
haulage cost will increase. More collection vehicles, laborers and money

will be required because it takes about 2 hours to make a round trip to and

from the site.

To mitigate the cost increases, it is proposed that MPPP change the type of
collection vehicles from sideloaders to compactors and: introduce the 3 times

a week collection system before the commencement of the Phase I project.

The new dispeésal site in Pantai Acheh which is located 30 km away from

'Georgetowh is scheduled to begin its operatibn in 1992 and until that time,
£he present disposal site (Bakau Street) and the previous disposal site
(Jelutonyg) will be used for final disposal site by mainly mounting up

methaods.
(2) MPSP

- Upon the.commencement of Kuaia Muda disposal site (KMPS) and Pulau Burong
disposal sites (PBDS}, the COllgction and haulage cost will increase. KMDS
is 1ocatéd 20 km t6 the north of Butterworth, while PBDS is located 35 km to
the south of Bukit Mertéjam. More collection vehicles, laborers and money
will be required because a round trip to and from those sites will take

about 1.5 to 2 hours.

To mitigate ‘such cost increases, it is proposed that MPSP change the type of
collection vehicles from tipper trucks to compactors and the 3 times a week

collection system introduce before the commencement of the Phase 1 project.

Both KMDS and PBDS are scheduled to begin operation in 1992, and until that
time, thé pfesent diSposal sites {Permatang Pauh disposal site and the Pulau
Burong disposal site) will be used as final disposal sites by mainly

mounting up methods.



8. Site Selection
(1) site Selection Process

The selection of sites for main facilities (final disposal sites,
incineration plants and transfer stations, etc.) largely consists of 3
stages as shown in Fig. 8-1, and the following & pointg_are'considared as

key factors in site selection:

~ 90551b111ty of 1and acqulsxtlon,

~ Possibility of obtalnlng the concensus from nexghbourlng 1nhab1tants,

Compatibility with reglonal development plan,

1

~ Economic feasibility;

Environmental acceptability.
For the environmental evaluation, the following 7 items are considered.

a. Possibility of water pollution

b..Impact of flooding ' _

¢. Possibility of noise, bad_odour.and dust problems
d. Compatibility with mneighbouring land use
_e.'Impact‘on plants and animals

£. Impact on natural landscape

g. Impact on historical remains
(2) Selection of Candidate Sites
As a result of the above-mentioned selection process, the following sites

were selected as candidate sites in order to incorporate them in the

technical alternativés which have been examined in Chapter 9.



First Stage Second Stage Third Stage

SELECTION OF = SELECTION OF FINAL SITE

_ Co . _ ——

i POI‘ENIII\L SITES "CANDIDATE SITES SELECTION
e 1 : 1 I

Step 1-1 o Step 2-1- Step 3-1
Designation of Sites 'Desi@ﬁation of Screening of candi-
Selection Committee ) Screening Team ldate sites by alter-
o ' native study for Master
Plan
R . [

Step 1-2 - | Step 2-2 Step 3-2
Identification of Determination of | Final site selection
conditions to be : method for secreening by selecting
considered for _ ‘ the most suitable
selecting potential alternative

sites.

Step 1-3 Step 2-3

Esﬁablishmént of 1 Data cpllection_and

necessary study areas site inveéstigation

[ o 1 '

Step 1-4 Step 2-4

Selection of . Evaluation of each

potential sites ' ‘potential site on

political,_sociall
legal, technical and
economic aspect

i e

p

Step 2-5

Evaluation of each
potential site on
environmental
acceptability
- I .

Step 2-6

Selection of candidate
sites

Fig. §-1 Site Selection Process



a. Disposal Sites
~ Pantai Acheh in MPPP
- Kuala Muda in MPSP

~ Pulau Burong in MPSP

b, Incineration FPlants
. - Free Trade Zone in MPPP

- Perai Industrial Complex in MPPP

a. Transfer'Statidns
- Jelutong Mole in MPPP
- Free Trade Zone in MPPP
- Balik Pulau in MPPP
_ Mak Mandin in MPSP

Note: Selection of incineration plants and transfer‘statiohs wére;“
necessary to examine the feasibiiity.of those fadilities'tﬁough
‘they turned out to be infeasibleé as a result of the féééibiiity 4.

study mode in Chapter 9.
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9, Alternatives for Technical System
9.1 Exanination of System Components
(1) Storage and Discharge

a. Residential Areas
In view'offcollec&ion efficiency, fixed bins + plastic bagS'Or portable
‘plastic bins are recommended, - In @he'cése_of plagtic bag withouﬁ bins;
the public should discharge their bags in'the:mofniné of the collection

day to prevgnt the waste being scattered by cats-and'dogs.

In the case of station ¢ollectidn, a container may or may not'bé provided
at the station. The use of plastic bags should be adopted in ordinary
residential areas except in those places where containers may be

installed without any special site arrangements.

b. Kampongs:

Since'acceS$ to kampongs by collection vebicles is generally difficult,
the discharge of solid waste in plastic bags for collection at stations
is the most realistic method. Waste stations should be established as
many as possible and the provision of communal containers is preferable,
©. Commercial Areas

‘As the provision of communal containers or fixed household bins is
difficult in commercial areas, either portable bins or plastic bags
should be used. The latter is preferable in view of easy collection.
d. Housing Complexes

Two Lypes of dust chute systems are currently employed .in housing

complexes, i.e. (i) a container is provided in a storage room at the

bottom of the dust chute .and (ii)'no container is provided.



In principle. it is preferable that the use of dust chutae be terminated
in view of their adverse effect on the environment vis-a-vis bad odours
and the scattering of waste, etc. and that a system be employed whereby

the residents of housing complexes take their solid waste to specified'

points by using plastic bags. . : : £

 For those housing complexes where one dust chute with a container is
provided for each 25 households and ﬁhere céllection vehicles can be
accessible to the container, the use of dust chute may be continued. In
this case, the solid waste should be collected daily'to prevent its

overflow and bad odour.
e. Premises Cenerating Large Amounts of Waste (Hotels and Markets)

Particularly large containers are required tO'deél with the large amounts
of waste generated'by hotels and markets, etc. The pr@vision of hauled
containers is preferable for markets, whiie containers for compactor
collection should be provided for hotels, as in the case of.housihg

complexes.
{2} Waste Collection System
a. Collection System for Domestic Waste

The cost of solid waste collection is largely influenced by the haulage
distance to the disposal site and by the generation density of waste. 1In
turn, the generation density depends on the population density and the

collection frequency.

The loading efficiency increases in proportion to the waste volume at
each station. In addition, the speed of the collection vehicles hetween

stations declines when the distance between the stations is shorter.
The waste volume at each station is small in the case of daily

callection, and the distance between stations is shorter in the case of

door-to-door collection.
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_Consequently, statlon collection of 3 times a week is recommended for
both MPPP and MPSP in order to extend the collection service area with

efficient system in 2005,
b. Independent Collection System for Large Amount Discharger

As in the present case of MPPP, hauled containers and bulk-bin will be
used -for the generators of large amounts. This system will be continued

in the future.

On_thé other hand, an independent collection system for large amount
waste will be introduced by using compactor vehicle with container in

MPSP.
¢. Bulky Waste and Garden Waste Collection System

The independent collec;ion of bulky waste and garden waste should be
continued with the improvement of the discharge methods and collection

frequency.
d. Introduction of Large Collection Vehicles for Domestic Waste

The positive effects of usiné large coilection vehicles increase in
.accordance with the longer haulagé distance and higher personnel cost,
Side loaders should be replaced by compactors when new landfill sites are
opened. The current compactor size of 10 m3 is large enough and cost

reduction can be expected by increasing.
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(3) Street and Drain Cleansing

a. Cleansing Frequency

The weekly cleansing of drains in residential areas should be sufficient,
as in the case of'stréet.sweéping. Similafly,-once a month of drass'
cutting should bé sufficlent, while beaches should be cleaned e§ery day
to give the clean and beautiful image of Penang to tourist. The

desirable frequencies for each type of cleansing are as follow:

Commercial areas {daily)

-

- Street Sweeping

Streets in residential area {once a week)
: Main roads in rural areas {(once a week)

Other roads (once a month)

Drains which are likely'to be

-

~ Drain Cleansing

blocked freguently (daily)

Drains in residential areas (once a week)

: Others {(once a week)

- @Grass Cukting ‘Drain sides (once a month)

- Beach Cleansing {daily)

b. Mechanization

The following work should be mechanized in view of'the'difficulty of its

manual implementation,

~ Sweeping of main roads

- Cleansing of wmonsoon drains
~ Grass cutting

¢, Work System

Cleansing work in residential area is conducted once a week and the work

will be conducted by a team,
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- {4) Transfer Haulage

In order to select the types of transfer stations, the following aspects are
to be considered;

S - Economlc feas;ballty according to the capacity requlrements
;_Ea51ne3b and stability in operation
—'Flexlblllty
- Safety
;:Ea51ness of operatlon and maintenance
—'Spacg'fq: the transfer stations

—.Envifonmental'ééceptabilities

Based on the above mentioned considerations, the following types are

selected for the proposed transfer stations.
i. Transfer haulage by motor vehicles
. - Direct re- loadlng type to the transfer haulage vehicles for smali
scale '
- Indirect re-loading type with compactor and without storage
facilities for large scale
ii. Yransfer haulage by océan-going vessels
- Direct re-loading tfpe to the ocean-going vessels
- Indirect re-loading type with crane and without storage facilities
for unloading from ocean-going vessels
(5) Intermediate Treatment
"a.. Compost:
According to the detailed examination on the marketability of the

compost, the fbllowing'problems wére identified in regard to the

composting of solid waste in Penang State.



3. The market size for compost is limited due to the wide use .of

various types of organic fertilizer such as chicken and cow dung.

ii, ‘Phe production and transportation costs for composting are very high

while the actual application of compost involves heavy labour,

iii. The composting of solid waste is not very effective in reducing the

solid waste volume and weight.
iv. Raising livestock, which provides organic.fertiiizer, is expan&inq.
Composﬁing was dropped from consideration in view of these'pfobléms.
b. Incineration Plant

‘The amount of municipal waste has increased remarkably with the increase in
population and the rise of living standards. The State of Penaﬁg is one
example where the industrial development and the elevation of living
standard are significant. On the other hand, acquisition'of suitable land
for final disposal has become more and more difficult. The present
situation shows that the time has come for the Penang State to start

considaring the introduction of an incineration system for hey future BWM,

In order to assist the introduction of a proper incineration system for
future SWM in the Penang State, a study on the introduction of an
jincineration plant is carried out with consideration of the following

aspects:

-~ Purpose, merits and acceptability of incinperation system

- Current situation of incineration_system in advanced and developing
countrisas _ . '

- Incineration system in Malaysia (present_situﬁtidn and.isSuQS)

- Approach towards introduction of incineration plant in Peénang State.
(wasté guality and desirable system)

- Economic Evaluation Result {sengitivity analysis)



Privatization of Incineration Plant {example of privatization and
issues)
Proposals in consclidating the introduction of incineration planﬁ

(stage plan and consideration for the introduction)

(6) Final Disposal

Although the open dumpxng and controlled tipping methods are generally

employed in Malaysia, the use of these methods should not be tolerated 1n

the future in view of their adverse effects on the landscape, public health

and énvironment.

Therefore, it was decided that_the sanitary landfill method should be

adopted as the final disposal method for the master plaa.

The level of sanitary landfill development and operation can be classified

into the following four levels:

a.
b,

C.

Controlled tipping

Level 1

Level 2 Sanitary landfill with a bund and daily soil c0ver1ng
Level 3 Sanitary landfill wlth leachate circulation

Level 4 Sanitary landfill with leachate Ereatment

In order to satisfy the following standards and guideline, the sanitary

‘landfill level for the alternative study is set up at the level 4.

i. DOE  Standards

- Recommended Code of Practise for the Disposal of Solid Waste on
_Eand
— Environmantal Quality (Sewage and Industrial Effluents)

: Regulations 1979, Regulation 8 Standard-B

ii; A guideline on the Storage, Collection, Transport and Disposal of
Solid Waste in Maiaysia, Technical Unit of Local Government

Division, Ministry of Housing and Local Government,



.iii. Other aspects
- Social acceptability on noise, littaéring, landscape, odor, ete.

~ Beo-system acceptability

- Operational acceptability .
9.2 S8ystem Alternatives
Alternatives should have two directions; one is to maintain an independent
disposal system and another is to create an inter-municipal disposal
system. Eight Alternatives have been proposed as shown in Figs: 9-1 and 9-2.

a. Independent disposal syétems

i) Direct haulage to disposal site ‘ Alternative -1

ii) Introduction of transfer station Alternative - 2
iii) Introduction of. incineration plant Alternative - 3

b. Inter-municipal disposal systems

i) Direct haulage of all waste to disposal.
sites in MPSP Alternative — 4
"ii) Iatroduction of transfer stations for |
motor vehicles : . Alternative - 5.
' iii)_Introduction of a transfer statiom for
ocean-going vessels Alternative - 6
. iv} Independent management of incineration
system ‘L : Alternative - 7
v} Intermunicipal management of o

incineration system ‘ : : Alternative - 8

- —



Alt.l Independént:Disposal—Dirept Haulage

——

[ R

=\

PN,

Alt.3 Independent Disposal-Introductioh .
of Incineration Plant

—— 7 1 -

41t.Z Independent Disposal*Introduction
of Transfer Station

STRAITS OF MALACCA

Fig. 9-1 Independent Disposal System

LEGEND
: Disposal Site
! Incineratjon Plant

! Transfer Station (JX,HK)

D ®

! Transfer Station (BP)




Alt.4 Intermunicipal Disposal-Direct
Haulage

STRAITS OF MaLALCA

Alt.5

Intermunicipal'Dispbsalflntroduction'
of Transfer Station for Moter Vehicles

SIRAITS OF MaLALCA

of Incineration Plant

CAlL.T7 Intermunicipal Disposal-Introduction

STIRALTS OF MALACCA

Alt.8

Intermunicipél'Treatmént and Dispésal
~Introduction of Incineration Plant

SIRAITS' OF MALACCA

Alt.6 * Intermunicipal Disposal-Introduction
of Transfer Station for (cean-going
Vessels

STRAITS OF MALACCK

Fig. 9-2 Inter Municipal Disposal System

LEGEND

@ H DiSpdsal Site
K{}S' ! Incineration Plant

! Transfer Sfation- {IH.5H) |

[:] ! Transfer Station (BP)







all the eight alternatives have same systems for collection and street/drain

cloansing as follows.
a. Refuse collection system and service fregquency

- Domestic waste collection : 3 times a week and station collection
' system

- Bulky waste collection Once a month and station collection

as

system

-

- Large amduht collection Daily and door-teo-door collection system
. Street and drain éleansing

- Commercial area baily street sweeping and once a week

drain cleansing

- Residencial area i Once a week street and drain cleansing

- Rural area in MPSP Once a month street sweeping

c}_Grass cutting of drain side t Once a month cutting

d. Beach cleansing "t Daily cleansing
9.3 Cost Estimation of Each Alternative
The jinitial investment cost for all facilities and eguipment to be
introduced by 2005, and annual expenses of operation for dealing with the .
volume of estimated solid waste in 2005, were estimated for each alternative

plén'béséd on the cost estimate conditions, and such estimation results are

given in Tables 9-1 and 9-2.
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Table 9-1 Investment Coast

- {M$ million)

Alt-1 Alt-2 Alt~3 Alt-4 Alt-5 Alt-6 Alt=7 Alt-8 O

L L . . Change
Collection 92.4 69.4 75,8 310.8 77.6 71.6 75.4 81.2 84.0
T, Station ~ 68.9 2.3 - 43.6 39.0 2.3 3.3 -
L. Facility - - - - - 62,3 - - -
Incinerator - - 295.9 - = - 296.5241.5 -
Final Disposal 84.5 77.4 34.6 59.9 59.9 55.3 21.3 .20.7 84.5
Total 168.5

176.9 215.7 408,6 170.7 181.1 228.2 395.4 346.7

% purchase costs of vehicles & heavy equipment were counted double, while
purchase cost of barge was counted only one time because of its useful

term.
Table 9-2 Annual Expenses'in 2005 ° _
' c " (M$ ‘Wmillion)
Alt-1 Alt-2 Alt-3 Alt-4 Alt-5 Alt-6 Alt-7 Alt-8 O
Change
Collection 23,1 17.1 18.7 28.9 19.2 17.6 18.6 21.1 30.4
T. Station - 9.2 0.3 - 6.5 4.3 0.3 0.5 -
L. Facility - - - - - 14.2 . - - -
Incinerator - - 27.F - - - 27.4 22.5 -
Final Disposal 9.6 9.2 4.3 7.1 7.1 6.9 2.6 2.5 9.6
Cleansing Work. 11.1 11.1 11,1 1l.1 11.1 11,1 11,1 11,1 11.1
Total 45.8 48.6 63.6 49.2  45.9 62.0 59.7 .53.2

56,1
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9.4 Evaluation of Alternatives

The evaluation results from technical, economic, transaction and

environmental aspects are summarily presented in a matrix form in Table 0-3,

Table 9-3 Overall Evaluation

Altl Alt2 Alt3 Alt4 AltS Alt6 Alt7 Alt8 NO CHANGE

Technical
B B A C B C A A C

- ‘Aspect
ig;gg’zm ‘ A B c B A B c c c
- i;;‘e‘zicmm B B B c c ¢ ¢ c B
i;‘;;:nmental B B A B B c A A C
‘ gzziii; 1 2 1 3 2 a 2 2 4

Note: "NO CHANGE" refers to an alternatlve Wthh employs the sanltary
landfill disposal system in Altl and the existing collection/
haulage system. .

~ The matrix implies”the‘following-overall_ranking of alternatives.

i} Alternatives 2, 4, 5, 6 and "HO CHANGE" are dominated by Alternative
1, regaraless of any set of weights to be associated with the

evaluation criteria.

=ii)gAlternat1ves 7 &nd 8 are domlnated by Alternative 3, regardless of

any set. of weights to be associated with the evaluation criteria.

Ciii} Altérnatives.l and 3 are not dominatéd by any other altermative, and

therefore they may be considered to be good alternatives.

i%}'klterhativé 3 may not be economically feasible.



v) Alternative 5 is inferior to Alternative 1 only with .respect to the

transactional aspect.

vi} Alternatives 7 and 8 are_inﬁerior to .Alternative 3 only with respect

to the tramsactional aspect.

In view of the foregoing evaluatlon results, the solxd waste management
system to be establlshea in Penang State by 200a should be selected based
on Alternatlve Plans 1 or 3, both of whlch have 1ndependent dmsposal

systems for MPPP and MPSP respectively,

Given the financial capability of MPPP and MPSP and ‘the local conditions.
for possible disposal sites, two further alternatlves are presented here’
for both MPPP and MPSP for examination of thelr fea51b111ty, part;cularly

from the financial point of view.

i) MPPP

..

Alternative 1 Direct sanltary landfill of all solld waste at the

Pantail Acheh Dlsposal Slte .

Alternative 1-A

Incineration of 2ll solid waste and sanitary
1andfill of residual waste (ash) at the Pantai -~

Acheh Disposal Site
ii) Mpsp

Alternative 1 : Direct sanitaryflandfill_at the Kuala Muaéiand;;
Pulau Burong ﬁisposai:sites; generated soclid waste
is divided and hauled to these two sites on Ethe

basis of optimal haulage efficiency

Alternative 1-B : Oaly the Pulau Burong Disposal Site will be used;

cases for having a transfer. station are. studied.
The feasibility will be examined for the further alternative suggested in

this Section from which the following three sub-alternative have been

developed for MPPP,
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~ Reduction bf.the'construction!costs of incineration piants by 20% or

40% from.the orxiginal level by lowering the specification.

- Gradual consolidation of the incineration plant in response to

generated solid waste volume
- Construction and operation of the incineration plant by a contractor

Based on the -above afgument,-it is clear that MPPP would face a heavy
Hﬁiﬁancial burden if the construction of an incineration plant were included

in the plans.

It was reconfirmed that Alternative 1, which does not include the . .
construction of an incineration plant, would incur the minimum cost,
Consequently, Alternative 1 was selected as the best choice for the Master

' Plan and the feasibility study.

In the mean time, the following thrée sub-alternatives have been developed

and examihed from financial view point for MPSP, -

~ - One disposal site without transfer sﬁdtions {alt, 1-Bl}:
— One disposal site with one small transfor station (170 t/day)
(Alt. 1-B2);
 — Oﬁe'ﬁiSPOSal site with one large transfer station (420 t/day)

(Alt. 1-B3);

‘The financial analysis of the sub-alternatives for MPSP resulted in the

following conclusions.

- The total cost is lower with two disposal sites than with one .

‘disposal site.

~ The introduétion of transfer stations has no advantage even though

only one disposal site is selected.

Aitefﬂative 1 was found to be the most flexible alternative for MPSP and,
thefefore.'was selected as the best cholce fog the Master Plah and the

feasibility study.
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