Chapter 3. Selection of Candidate Sites:
3.1 Site Selection Method
3.1.1 Sfudy‘Flow

The study is divided into two stages. One is the Master Plan Study Stage and the other
is the Féasibility Stqdy Stage.

The study procedure is summarized and illustrated in Fig. 3.1-1.
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~ Haster Plan Study Stage

| Mth & Yr .. Work In HélaySia - Vork In Japan
Jan,88 . 1. Study of Present Situation ]
- Waste Amount & Composition
- Technical:System
- Institution
~ Orgénizafion
—VFinanbé
Hag,B& L; - Waste ‘Amount and Composition } l—'Identification of Problems ]
i_ Precondition of Future Systemi
-
~Jun .88 2. Preparatién-of Master Plaﬁ
- Wasie Amount & Composition
- Preliminary Survey on Candidaté Sites
- Preparation of Alternatives
. | s .
Sep. 88 e . Yaste Amount aﬁd Compositiggj ~.Formulation of Master Plan ’
= Immediate'lmprovement Plan

- Cont.
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Master Plan Study Stage

=+ Cont,

Work In Japén

.Wérk In Malaysia

Mth & ¥r
Nov.88 . Feasibility Studies for the
" First Phase Project
- Selection of the Host
Favarable Alternafives
- Comparison Study of System
Components
~DﬂﬁiSReSmww
Jan, 89 -~ TImplementation of Immediate | |~ Preliminary Design
~ Improvement Plan. ~ Estimation of the Project Cost
- E.I.A.
~ Law & Regulation
- Qrganization
- Finance
- Public Cooperation
- Project Bvaluation
-~ Implementation Plan
Mar,89 - Workshop
. - Comments on Draft Final Report |
Jul.8d - Submission of Fin81 Réport.
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3.1.2 Site Selection Hethod

Hethod of site selection for major facilities (dispusal site, incinerator, transfer

station, etc) is divided into the following stages and illustrated in Fig; 3.1-2.

a. Selection of potential sites (Identification of potential sites)
b. Seléction of candidate sites

¢, Final site Selection'(Sélection of the most favorable alternatives)

In order to coordinate with the scheduled time of the study, the process of site
" selection is prepared as shown in Fig. 3.1-3. In the preparation of a master plan and
feasibility study, it is crucial that site(s) for major facilities be selected in

accordance vith the sequent stages in the process of site selection,

It is the basic understanding confirmed by both the Malaysian side and the.JICA Stud?
Team that the Malaysian sidé should be responsible for the selection of potential
Sifés fdr ma jor facilities and that. the JICA Study Team should be responsible fbr
égreening_éf potential and candidate siteé. Subsequently, the final'sitg selection
vwill be done ét.the consuitatiVe meetingé with Technical Committee and Steering
Cémmjtteé to be held.in November 1988, after vhich fhe Study Team.vill carry out &

feasibility study.

Tﬁe ﬁélayéian side selects potential sités from several view points'of.political,
social and legal aspects in accordance vitﬁ the guideline on selecfion of potential
sités for.major facilities prepared by the Study Team. Consequently, the Study Team
undertakes screening of.potential and candidate sites vith regards to the techinical,

economic-and environmental aspects.
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Fig. 3.1-2 STTE SELECTION WETHOD

First Stage

[ TseLkeTion 0F |
| POTENTIAL SITES |

Step_1-1
Designation of Sites

Selection Committee

‘Step 1-2
Identification of
 Conditions to be

Considered for

Selecting Potential

Sites

Step 1-3
Establishment of
~Suitable Study Areas
Step 1-4

Selection of
Potential Sites

Second Stage - Third Staﬁe.
SELECTION OF | | FINAL SITE
CANDIDATE STTES SELECTION

.Sfep 241  : ~ Step 3-1
Designation of Sereening of Candi-

Screening Team date Sites by
' Alternative Study

for Master Plan__

‘Step 2-2 Step 3-2.
Determihatidﬁ of  Final Site Selection

Nethod for Screening by Selecting

' Thé.Moé%'Spitéblef'

Alternative

Step 2-3
Data'Collection and

"Site Investigatidn‘

Step 2-4

fivaluation §f Each
Potentiél Site on
Political, Social,
Legal, Technical and
Bconomic Aspect
Step 25
Evaluation'of Each
Pofential Site on
Environmental

kccéptability
Step 2-6 _
Selection -of Candidate

Sites

--208—



$93TS @1epTpUE)
JO HoTI90T8S ]

AJTTTQEIdaDOY TRIUBUUOITAUY UC
917§ [ETIUSLO4 UDRY JO UOTABNTRAZ*D

§302dsy STwouovy pue
- Teotuyoe] ‘Tedon
‘1RTO08 ‘TEITITIO4 UG 837§

UoT309155 9215 30

§59203 ¢-1°¢ €14

r M

. Teriuelod useq 53718 TRTaU
BATIRLISITY IO UOTIBRTRAT'D -830( wo.uoﬂuomﬂmm.n
81qelTNg 1S0Y 9y}  UOTIBITISTAU] Sseaay _
mcﬁpomﬂmm Aq 337TS pue uoT) Apnig a7qelrng _
uoT3o8TeS 95TS TBUTY"q -28TT0D €18(Q°0 Io 1UBWSTTAR1SH D
ueyd Jsisey Joj JuTuzeaog - .mmuﬂm.ﬁmwpc
ApNIS SATIRUIATY AQ JO poyisy Jo - -8364 JO UCTIO8TeS
§91TS 23@PTPUBY UOTHRUTWISGRE'q UG POIOPTSUCY
.140day : . To SUTusBIDg e Wea] FUTUSSIOS 3q 03 SUOTATpUL)
“IYNIY NDISZA AMYNINITENA S 30 cOﬂumcMﬁme.m FO uoTREOTITIUSPT " Q
& : O— s O NOLLIOZTES . : 8933 Tuo]
14048Y YNNI ZAVED . 3LIS TVNIA'¥  S¥IIS ucTioe(as SAITS
. ® ® -JLYQIQNYD 70 uotieudrsal e SPLIS WIL.
: .40 NOLIDTESE T -NBIOd 0
W O—— ® SELIS WIL - NQILJZES
w ._ SNALOE 40 NOIIORTES'Z - NO-SINIT
@ @ -H0IN 40
: ,. i P | | NOTLVUVAZYd ' T
69. | ©%. | 6%. | ©69. |- 68.. | 68. | 88. | 88, | 88 | 88, ] 88, | 89, | 88. | es. | g8, | g8, | g8
ung ol Aey tady ¢ ocaey ;orqe] i Cuep ‘o8 | -tacy | t30Q *dag - .m:<‘n *Inp cunpl | ARy | tady aey *q3y
S uedep LTt eTsAeTey I uedep . M CRISARTR) 1 .- uede[ Mm. BTsfeTey
CaBafoXd 9SBYJ 1$4Ty JOF Apnag ALTTTYTSES, ‘ueTg Ja3sey Jo uoTjededsdd S uotaTPUe) JUasId Fo Apnig.
| o govIS AQALS ALITIGISYEY . 3 AYLS RGOS NYId MILSYH - B |

209 -



3.1.3 Guideline on Selection of Potential Sites for Major Facilities

Tn order to describe the nethod of selection of potential sites and Lo assist the.
Malaysian side to carry out the identification of potential sites for major facilities,

a guideline has been prepared by the Sfudy Team as follovs,
(1) Designation of Site Selection Committee

_ In order to select appropriate sites for majpf facilities, the following items are

to be considered as key factors !

a. Possibility.Qf iand acquiéition

" b. Pessibiiity of getting neighbouring consensus
C. Compatibiiity vith régionai developmerit pléﬁ
d. Economic feasibility

e, Environmental acceptability

Although, all the above-mentioned key factors are important in the selection of
appropriate sites, but it is emphasized that phly items a, b and c will nainly be

examined in the'seléction of potential sites. The reasons for it are as follows :
a. Possibility of land acquisition is the key factor of site selection,

b. In Penang State, all development projects, including public utilitigs,_and'
development of major facillities, need “Neighbouring Concensus”. Therefore,
without possibility of getting'neighbouring consensus, any develop@ent plan for

vaste disposal would not succeed,

c. In MPPP and MPSP, the Town & Country Planning ACt,.197G (ACT 172)'is énfofcéd
and both councils have prepared'tﬁéir'ﬂraft Structure Plans. .ény devélopmenf_
plans for the solid waste disposal should be in line uith'the’Structuré Pléhs

and other regional development plans.
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In.éthér wo#ds,_the selection -of ppténtial sités should rather be considered as
“Pélicy Makiﬁé'stagp” of abpropriate sites selection for major facilities of solid
uaste'disposal,’whiié screeﬁing of ﬁbtential and candidate sites are considéred as
éTedhhical énd Eéonbmic Study Stage”. Therefore, it is necessary to designate a
site selection comuittee vhich includes persohnels vho are familiar vith the state
poliéy.especiélly on 1and.matters .  The committee may consist of the followings
bodies :

a. State Governﬁept

| - Touh and Counfry Planning Department

- Land and Mines Department

" - Northern Regional Office of the Department of Environment

b, Local Governmgnt

..

“Councillors when necessary

Heéifh_Department

- Engineering Department

Town and Planing Department

¢. Other Members, as required

'(2).Cdnditions to be Considered for Selection of Potential Sites

The site selection committee is requested to consider the following data before

starting the identification. of potential sites !

'_é}.PbsgiBility of land acqﬁisition
A'—:Maps showihg regulatory constraints on land use (zoning map such as eaviron-
| meﬁfally‘SénSitiée areas maé, target plan and iand use poliey plan, national
'ffésoércé-réserve'maég ?tc~)

- Maps shb?ing Federal, State and Local Government lands.
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b. Possibility of getting nelghbourlng CONSEnsus

- Political llmltatlons (public reaction, special interest groups, budget mana-

gement)

c. Coméatibility with regional development plans

Structure plan

Present land use

Future land use

i

Major development plans

d. Fconomic feasibility
- Land price
- Summary on present solid waste manegement tcéliection éfeé and Eloék; amount
of solid'uaste to be collected and.disposed of , waste compositioen, éﬁc;)
- Availaﬁle maps (topographic nap, geolégical ﬁap, road map, soil map, éhart,
etc.}
- Availability of public utilities

~ Availability of covering material

e. Environmental acceptability

1

Environmentally sensitive areas

t

Vegetation_
- Latest aerial photogra#hs

~ Meteorological data

(3) Establishment of Suitable Study:Afeas

Tt requires a lot of effort to select potehtiél sites vithin the uhole'stﬂdy area.
In order to reduce such effort, itﬁis_suggéstéd to establish'§Uitéble'stUdy areas
from which unsuitable areas for major facilities are eliminated, using fore-

mentioned data.
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" The work procedure is as follows :

a. To determine maximum radius of study area based on hauling distance from cent-

roid of potential service area,

b, Using transparent papers, to indicate areas which are :

_Impossible for land acquisition

ImpoSsible for getting neighbouring consensus

i

Imcompatible vith any regional development plan

Unsuitable from economic and environmental points of view

G To ‘place shaded transParent papers of the unsultable areas on. study area map,
- The unshaded area ‘may be considered generally suitable for major facilities

sites,

(4) Selection of Potential Sites

Based on the establishment of suitable study areas, the site selection committee
vould select the potential sites for major facilities with bonsideration on the

folloving factors

a. Pov51b111ty of land. achlSltlon
i . Land use restrictions by laws and regulatlons whlch are shown in the Struc-
tions Pian, National Résourcé-Reserve.Aréa and so on,
'ii..Compéﬁéétion,.if:required.

#i, Land ownership

b P0551bliity of.gettlng.nelghbou11ng consensﬁn
i . Ways of gettlng n81ghbour1ng consensus
:_ii. Incrc351ng attltude of public Louards NIMBY (Not In My Back -Yard) qvndtomo
agalnst solld uaqte dlsposal fac111tle% because of offensive odour, necise,

trafflc, unpleasant view, pol]utlon of air and vater, security, etc.
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c. Compatibility with regional development plans
i . Conformity with the Structure Plans and land use plans
ii. Direction of urbanization towards sites

iii, Major development plans

d, Economic Feasiﬁility

Economic feasibility.of each site vill be éxémjﬁed in the "Téchnidaiiéhd Econo-
wic Study Stage” ‘which shall be done by the JICA Study Team Therefore, the
economic feasibility to be done in current stage will be evaluated from only
qualitative view pOJnt. Speclflc condltlons on the major f36111t1es are as
follows :

Area of site

If the disposal amount vere to be 500 ton/day, area of each f30111ty mlght be

as follovs :

:Final_disposal'sites ; more than 20 ha

(life span shall be nore than 5Iyears)

Incinerator ' i 4 ha
Compost plant . ; b ha
Transfer station - ; 2 ha

i, LoCation.of site

Collection and haulage efficiency and cost hlghly depend on the. locatlon of
each faclllty. Itens to be con31dered on the location of each delllty are
described as follows :

Final disposal site distaﬁca from collection area; accessibility aﬁd

~availability of cover materials at site of its
vicinity
Incinerator ; distance.from collééfiopnareé:éﬁd.usgp of;éiectfic
| pover and other energiéé.t618e.rec&ﬁefed.sy.inéine~

rator, accessibility and availability of'co§1ing
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vater,
Cdmpost plant ; Distance from collection area and user of compost
and accessibility
.'_Trénsfer éta{ioﬁ : Proximify.to collection area and accessibility
. C§st'6f-iénd (acqﬁiéition or renting)
i§. AVéilaEiiity dfrpublic services (eléctricity, vater, telephone and seuage)

v, Cost of compensation, if any

. Eﬁﬁironmehtéi'écéeptability
if;ibiéténcé ffdﬁ éirpoft; and other. public facilities
ii..W§£er'resourEeICOnsérVation (theré should be no_poésiﬁility of pblluting-
“drinking Qat¢£) |
i, Deﬁgely populated areas
Tﬁl. Unéuiiabié surface or_ground vater cbn&itioﬁs (flood plains, reéharge zZones
of aquifer)
:v. iﬁaﬁpropr@ate slope
vi._ﬁriticél habitats of endangered species

vil. Archéeological or historical significance

‘In order to fulfill the above-mentioned works, preliminary site investigations,

vhen necessary, are recommended to obtain further information on sites.

fhrough the worké-in the identification stage, here, ihe less desirable.sites
_afé eliminated and potential sites gre selected. It should be empﬁasized again
:tﬁéﬁ the mosf_important factor to be coﬁsidered at.this stage 1s the security
6f land-acéuiéitioh.when the sites are selected for major facilities of solid

‘Uaéte'disbosal;



3.1.4 Selection of Candidate Sites

(1) Designation of Screening Team

In response to the identification of the potential sites for major facilities

‘according to the éuideline, a team for screening potential sites shalllbe organized.

The screening feam undertakes Screening of potential'sites:and.then carries out
'screenlng of candldate sites with regards to the technlcal economlc and environ-
mental aspects. Thsrfore, the tean may consist of experts in followlng flelds,'
- envlronmsntal analy51s |

- flnal disposal plan

- intermediate treatment plan

{2) Determination of Method for Screening

Before starting screening vork, the screening team shall determine a method for

screening of potential sites. An example of ‘method for screening is indicated as

follows |

a. Area ldentification of each pofential site

b. Data collection and site inivestigation

c. Estimation of life expectancy for eash.final_disppsal site
d. Environmental_evslustion of each potential site“ |
e. Screening of the pofénfial sifes |

f. Seléction of candidate sités.for the Hastes Plan

g, Exchtibn of preliminary EIA on each sandidate site.

h. Screening of the candidafe sites

i. Final site selection
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(3) Data Collection and Site Investigation

“After the determination of method for screening, the screening team shall undertake
sites.investigation and collect data on the sites from various sources such as JKR,

"DID, PDC, PERDA and so on.

(4) Evaluation of Each Potential Site on Political, Social, Legal, Technical and

~Economic Aspects

After data collgcfion and sité investigation, the evaluétion of each potential site
oﬁ'politicai,‘SOCiai, 1egél; technical and economic aspects is made ior the selec-
tibn.of_candidaté sites'from‘pofential sites. At the same time, the evaluation of
each.potential'site on enyironmental acceptability is carried oﬁt.

A sample of screening sheet of potential site for facilit& is shown in Table.3.1-1,

(5) Environmental Evaluation of Each Potential Site

Firstly, the folloﬁing items shouid be investigated through data collection,.recon-
naiSsahce of potential sitas and discussions with related agenéies cqncerned.
- Usage of éurfa¢e vatér
- Usage Qf‘gréundvater
*.Usage of wéll"
_.Distancé from public facilities
—’Diétanée from the.nearest house
-‘Lén& use of adjacent areas
I*_fopographic condition
.",Léndsqéﬁé
': - Whether_it*is férest land or not
_? Existence of fishery activities

- Existence of historic or religious places
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In the next stage, upon consideration of above factors of impabt, evaluation of each

potential site should be executed.

—218—



Table 3{1—1_'S¢reenigg Sheet of a Potential Site for Major Facilities

_.Name of Potential Site 3

ITtems Description

|1y Possibility of Land Acquisition

| a; Land use reéfrictions
b.'ﬁénd 6gﬁeréhip'

. CF'N8ce$sify of cbﬁpéhsation

d. Other considerations

2) Possibility of Getting Neighbouring

Consensus .

a. Néééssity of neighbdﬁring
éonﬁénsus-_ |

b, Necessit&"fdr “sut of sight”
measures

é..Necessity for isolation frém
hoise,.dust énd pdour neasures

d. Other considerations

3) Compatibility vith Regional
Development Plans
a;:dompetitive dévélopment'plan
.b;_Qonfgfhity with the S{ructure
.”Plén énd land uscxplan
c. birééfion of.urbanization tovards
Sites:_f |

d. Other considerations
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Ttens ' ' Description

5)

4) Economic Feasibility

a. Location of site
(distance from main waste
generation area)(km)

b. drea of site (ha)

c. Life expectancy (yéars)

d. Availability of covering earth

e. hccessibility

f._Estimated cost of compensation

£. Avaiiability of public services

h. Present conditions of site
(Land USe,.type of surface soil,
dépth of ground water)

i, Technical.considerations.

J- Benefits of site upon coupletion

Environmental Acceptability

a. Possibility of drinking water
pollution

b. Impact by surface water pollution

c. Impact of flooding

d. Twpact by groundwater pollution

e. Dispance from airporf and othér
public facilities

{. Distance from densely populated
area

g. Dust, neise and odour hazards

In case of ‘an incineration plant, c. is "Existence'of'possible
energy recovered by the plant” and d. is not necessary.
In case of transfer station, both c¢. and d. are riot necessary.

— 220
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Items

"~ Description

Land use of adjacent areas

Slope Stability

. Inshore or river fishery
. Terrestrial vegetation and

vildlife

Aquatic/Marine flora and fauna
Natural landscape

Historic plaCes or structures

Religious places or structures
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. (B) Selection of Candidate Sites

In order to select candidate sites for the Master Plan alternatives from potential

sites, the following items are to be considered as key factors @

a. Possibility of land acquisition

b. Poésibilitﬁ of getting neighbburing cdnsensus
c. Compatibility with regional development plans
d. Economic feasibility

e. Environmental acceptability

Potential sites are selected mainly from several viéwpointé of pbliticélj social and
-legal aspects in accordance with the guideline on selection of potential'sites for
_major facilities. Screening of candidate sites is mainly done with fegafds to the

technical, economic and environmental aspects.

' Sélection of candidate sites is between the selection of potential sites and fhe
screening of candidate sités. For the selection of candidate sifes,=the evaluation
:of potential sites.shall be carriéd out with regards to polifical, sociél,flégal,
technical, economic and environmental aspects. The evaluatidn of potential sites,
“therefore, is made ﬁp§n consideration of the above mentioned fivéfkey fa§fors
vithout ﬁrejudice. It is recommended that an evaluation taBlé.of poténtial'éites be
vrepared for the selecfion of candidatés sites. The.évalﬁatién fabie pay ihﬁlude

the folloving evaluatlon aspects.

a, Ppésibility of land acquisition
i . Land use restrictions
ii. Land ownership
ili. Necessity of compensation

iv. Other considerations
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-_b..PQSSibilify Qf getting neighboufihg consensus
i . Necessity of neighbouring cohsensus
“ii. Necessity fof “out of sight” measures
jit. Necessity for isolation from nolse, dust & odour measures

iv. Other considerations

' c..Compatibility ﬁith.regiénal development plans
i., Competitive develqpmént pian |
ii . Conformity with the Structure Plan and 1a.nd use plan
. Difegtion of urbanization tovards sites

iv. Other considerations

d;'Econémic.feaSibiiity
-; . Location of site (distance.from pain vaste generation area)(km)
. Area of site (ha) |
§i. Life expectancy (years)
iv; Availability of co§ering earth
v . Accessibility
vi. Estimated cost of Compensétion
vil. Availabi]ify‘bf public services
Vil , Présent conditions of site (Lahd use, type of surfaceISOil, depth of
'; groﬁnduéfer)
.'iK.LTechnical consideraticns

‘%', Benefits of site upon'completion'

Q;.Ehvirdnmental acceptability

l=i.; Possibilitﬁ of:drinking vater pollution.
'ii.'Impact by.sUrfacé'water pollution

::ﬂi. Impaﬁt of.fIOOHing

iv, Impact by groundvater pollution
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v . Mistance from airport and other buﬁlic facilities '
: vi..Distancé'from densely pqpulated'aréa

vii. Possibility of dust, noise and odour hazérds.:
dfi. Compatibility witﬁ land use_of3adjacéht.areaé
iz, Slope stability

x . Impact on.inéhore or river fishery

xi, Impact on terrestrial veggtétién and eildlife
xii. Impact on aduéfic/marine floré'and fauna

X impact_on naturél landscape

xv, Impact on historic places or structures

- xv. Impact on religious places or structures
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'3.1.5 Final Site Selection

(1)=Sbré$ning'of Candidate Sites

Scréeﬁing of'candidate'sites is made by the alternatives study of the Master Plan.
Alternatlves for the Haster Plan are comblnatlons of various systems in Sh% such as
'dlscharge and storage system, collectlon and haulage systém, clean51ng work sysfem,
1ntermed1ate treatment system, and fJnal dlsposal SYStem 1nclud1ng 1nst1tutlon and

organlzatlon structure.

(A1l alterhatives selected are examined qualitatively and gquantitatively. Then, they

afe screened and evaluated in the following aspects.

1

‘Technical aspects

-~ Economic and financial aspects

Social-legal aspects’

= Environmental aspects

(2)_Fina1_$ite.8election

-Afterithe scfééning and‘evaluation'of each alternative, an overall evalualion of the
selecﬁgd altéfnstiﬁés is made. This overall evaluation is nade at'a'consultgtive
meetiﬁg'éith_véridus aﬁthorities concerned in SWM., At the meeting, the'most_sui~
table éltephative for the Master Plaﬁ is selected, .Finally, the sites for the most

suitable alternative are selected.
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3.2 Seiection of Potential Sites

3.2.1 Designation of Site Selection Committee

(1) Sub-Committee

In response to the d90151on nade at the Steerlng Commlttee meetlng held on 3rd
February 1988, a sub- commlttee consisting of officers from the folloving agencies

vas formed to carry out 'the selection of potentlal Sltes for major fac:lhtles '

.

a. Penang State Town and Country Planning Depa:tment ;
b. Penang State Land Office ;
c. Northern Regional Office of the Department of Environment ;

d. Mupicipal Council of Penang ;

e. Hunicipal-Coﬁncil of Seberang'Perai.

The State Government of Penang was requested to respond quickly to the application .

for the sites for major facilities.

Tt was recommended at the Technical Committee meeting held on Zist'Hérbh 1988 fhat
both the State Geological Department and State Harine_ﬂepartment should be-included

as members of the sub-committee.
(2) Terms of Reference of the Sub-Committee

Terms of reference of the sub-committee is summarized as follows :

a. The Sub~Committee shall familiarize itself with the use of “The Guidelihe on.
Identification of Potential Sites for Major Facilities” prepéred.by.the'JICA

Study Team.

b. The Sub-Committee shall carry out the identification of potential sites taking

into consideration, among others, the félloéing three factors .
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-~ Possibility of land acquisition ;
- Possibility of getting neighbouring consensus

- Compatibility with regional development plan,

c. The Sub~Coﬁmittee éhali complete the task of identification of potential sites
and submit a report to the Technical Committeé by the middle of June 1988. The
réport shéll include, among others, the location including lot number, size and

: ownérship of potential sites identified as well as thé result of evaluation of

_each site by the Sub-Committee based on the factors outline in item b.

3,2.2 .P¢ssible Areas

In.drder'to g%pedité the work of the Sub-Committee to.idéntify'potential sites for
major.fécilities, it was decided at the Technicai Commiﬁtge neeting held on Zlst March
1988 that the Study Team should éuggest possible areas.wheré these facilities may be
loca#ed and inform the Sﬁb"C?mmittee, Upon consideration of fhis informéfion the Sub-

Committee would carry out the task to identify potential sites.
(1) Final Disposal

It wvas reported at the Technical Committee meeting held on 2lst March 1988 that it
is the policy of the Penang State Government to use solid vaste for land reclamation
from the sea. This policy shall be taken into consideration on the study vhen

‘formulating and evaluating various alterpative propesals,

In_respbnsé_té the Technical Committee’s decision, the possible areas for final
'diquséi vere suggested by the Study Team at the end of March 1988 and vere shown i

-Figf:3.2f1; The list of the possible areas are as follovs ;

a. MPPP
-~ Jelutong Mole

- Sungai Dua Kecil
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~ Batu Maung
- Pulau Betong

~ Gemuroh

b. MPSP
- Perusahaan Perai
- Butterqofth & Bukit Herfajam
~ Kuala Muda

~ Pulau Burong

(2) Other Facilities

The possible areas for other facilities such as incineration plants and transfer

stations vere suggested as follows ;

a. Incineration Plants
Sites shall be close to collection area and user of electric pover and other
energies to be recovered by plants. Therefore, the vicinity area to Georgetown

and FTZ for MPPP and to Buttervorth, Bukit Mertajam and PIC for MPSP were

suggested.

b, Transfer Station
Sites shall be in close proximity'to main vaste generation area. :Therefore,
the area within Georgetdun'Or it’s surrpuhding for ¥PPP and that within Butter-

worth or it’s surrounding were suggested.

3.2.3 Potential Sites

The potential sites for final disposal vere identified by the Sub-Committee in a neet-

ing held on 15th June 1988.
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After the sub~committee meeting, a few other potential sites for major fédilitieé vere
identified in the course of discussion between MPPP, MPSP and the Study Team,

The location of all potential sites are shown in Fig. 3.2-2. Those sites are listed

as follows ;
(1) Final Disposal

a. NPPP
- Jelutong' area between propésed 'coa'sta.l road and present coast line
-UHiddle Bank located in the South Channel between Pulau Pinang and Sebefaﬁg :
Perai |
- Souiﬁ4Eastern‘Sea Shore'nearzthe'Penang B;idgé

- Land betveen Pantai Acheh and Sungai Pinang

b, MPSP
- Kuala Huda_ih'NBrth'District

- Kampung Selamat in North District

Hak Mandin in Central District

Prai Barrage in Central District

Prai Industrial Complex in Central District

Bukit Minyak in Central District

H

Gajah Mati in Central District

H

Pulau Burong in South District

1

Bukit Tambun

(2) Incineration Plant

a. MPPP

- Free Trade Zone

— 230



. b. MPSP
- Prai Indﬁstrial Complex

- Permatang Pauh Present Disposal Site

(3)'Trénsfer‘$tation

a. MPPP
QlJelutoﬁg Hole (previous disp§sal site)
- Free Tréde Zone |
~ Balik Pulau
b. HPSP
- Hak.Handin

~ Permatang Pauh (present disposal site)
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3.3 Selection of Candidate Siﬁes

3.3.1 Determination of Screening Method
(I) Screening Team .

After the identification of the potential sites for major facilitiés, a team for
screeniqg the potential sites vas organized. The screening team consists of experts
in following fields ;

- treatment plan

disposal plan
. - facility pldn

- environmental analysis

(7) Screening Method

The screening method of potential sites was established according %o the following

vork items :

a..Aréa identificétion of each potential site

b. Data colleﬁtion and site investigation

.c.'Esfimétion of life expectancy for each final disposal site
d. Eﬁvironmehtal evaluation of each potential site

e. Séréening of the potential sites -

f. Selection of candidate sites for the Master Plan
g:'Exeéution of preliminary EIA on each candidate site
h;;S§reening'of the candidafe sites

i. Final site selection

The vbrk iteﬁs-aoneFmentioned a,b,c,d,e and f vas completed in the middle of August

1988, The vork item h, which includes both gualitative and quantitative analysis
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411l be done by the end of October. It shall be stated in the Master Plan Interinm

Rehort.

3.3.2 Screening of the Potential Sites
(1) Area Identification of Each Potential Site

a. Final disposal site
It is indispensable to confirm the precise'area-for a'final,diSPOSal site. _

Otherelse, the capacity of the site and the 1ife exnectancy of. the final disposal

cannot be determined accurately.  The area of each potentlal site vas- not 1dent1“

fied at the Sub—CommJttee meetlng held on 15th June, The screenlng ‘tedm, . 

therefore, had 1dent1fled 1t themselves From the f011001ng 1nformatlon 3
= Topographic maps

- Cadastral maps

~ Marine maps

Aerial photos

Maps obtained from other development projects:
b. Incineration plant

Siﬁce the sites for incineration piént(s) vere not identified by-fhe SuB—CQmmitteé,
jncinerator sites for the study vere.assuﬁed by the Study Tean in fhe courée of
discussion to be as follows ;

- FTZ (Free Trade Zone), PIC (Pral Industrial Complex) and PPDS (Permatang Pauh
Present Disposal Site) seems to be suitable for the sités of 1n61neratlon '
plant

- Both FTZ and PIC have their expansion plaﬁs ihtbﬂfhe Séa”in.tﬁe fufUrQ.E it iSQ
.therefore, possible té acquire soﬁe éfeaifor fhe.incinérafién.pia%t f;éﬁ.the:

expanded area.
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- The ultimate use of PPDS has not been decided yet.
 Thé'afea of each potenfial site is subject to the size of the plant.
¢. Transfer Station

Thé same‘aésﬁmétion mentionéd above was considered for the transfer stafion sites
.and is de#éribed as f;llous ;
JHPDS (Jelutong Wole Prev1ous Dlsposal Slte) ETZ, Ballk Pulau, Mak Mandin and
PPDS seems to be su1table sites of transfer statlons.

- There'uere still no definite land use plans for these areas.

(2) Data Collection and Site Investigation

'FOllOUlng the 1dent1f;catlon for area of each potential site, site 1nvest1gatlons

: uere carrled out with reference to Lhe séreening sheet At the sane time, data on

the sltes'were-collected'frbm various sources such as PDC, JKR, DID, PERDA, ete..
_The result of site investigation and data related to each potential site are-
summarized in the screening sheets mentioned in 3.1.4.

(3) Estimation of Life Expectancy for Bach Final Disposal Potential Site

As to final disposal’site, it is indispensable for the evalution of each site to
estimate its life expectancy. In order to calculate site capacity and to estimate
life_expedtancy of each site, site development concept for each final disposal

- potential site is prepared.

Accordiﬁg.to the site developrent concept, life expectancy of each potential site is

;céléuiated'using the follouing assumptions and tabulated in Table .3.3-1 and 3.3-2.
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Assumptions :

i) Life expectancy is estimated, assuming that the depth of each site ié 5 m,

i) Daily aﬁcunt of vaste disposed in 1995 for MPPP aﬁd:HPSP'are'SBOIton/day énd
460 ton/day respectively. (205;000 ton/year and 168;000 ton/year).

i) Unit veight of landfill vaste is 0.8 ton/ri.

iv) Covering maferials share.30% of tofal landfill volume,

{4) Bvaluation of Each Potential Site on Environmental Acceptability

Environmental evaluation of each potentiél site was carried out with reference to

the screening sheet shovn in Table 3.1-1.

In Penang State drinking vater is supplied méétiy-to the publié by pibeé; and the
pofential sités.for final disposal are located in downstreai qf'the catchment area
of surface vater supply intakes. So implementaticn of this.project would not cause
pollutioﬁ'to'drinking vater. As construction and oberatién of final disposal site
ﬁas bossible pofential of polluting surface vater and grouhdwater, evaluation vas
executed on the.base of whether there areqéome envifonmental coﬁponénts subjectéd to
the impact of polluted leachate éoming out from thé sité. .It is aééumed thatfthe
polluted groundwater-iq the upstream area may give bigger impéct on the surroundings
than that in the doenstream area. | | |
Flooding near the estuary vould fléw directly'into the sea ahd,pﬁlluﬁant vould be
dispersed quickly in'the large volume of #atér, but flooding in the upstream area

vould have serious impact upon the surrounding land.

Dust, noise and odour hazards cannot have fatal impact because prevention is
‘possible. Vegetation and wildlife, or flora and fauna, need to be surveyed in
detail, but final disposal on Middle Bank would evidently have a fatal impact upon

natural landscape and the ecologiqal system,
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3.3.3 Selection of Candidate Sites

(1) Method of Selection

In order to select candidate sites for the Master Plan alternatives from potential

sites, the following items are to be considered as key factors :

a. Possibility of land acquisition
b.'Possibilify of gétting neighbouring consenéus
c. Compatibility uifﬁifégional Hevélopmenf'pians
~d. Eédnomié feasiﬁility' |

e, Envireonmental accebtability

For the selection'qf candidate sites, the evaluation of potential sites shall be -
carried:aut with'regards'to political, social, legal, technical, economic and environ-—
mental aspects. The evaluation of potential sites, therefore, is made upon considera-

tion of the‘abbve mentioned five key factors without any'prejudice._

Each. key factor has its own evaluation items as shown below. After the evaluation of
_their own evaluation items, an overall evaluation on each key factor is made as in the

folloving manners ;

O .means fhat;ﬁ&st of evalﬁation items are cleared at this stage.

A meaﬁ# that there are some considerations or further siudy regquired for the
clearance of some evalﬁation items._

X'.méané thaf thére ié aucritical barrier which cannot be cleéred or.theré are some

- unsuitable’points for a candidate site at this stage.

In case that a potential site has one X, the site is not recommended as a candidate
site.-'

‘Evaluation of each key factor is described belov.
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a. Possibility of land acquisition

[3

This key factor has the following evaluation items ;

i, Land use restrictions
ii . Land ownership
ii. Necessity of compensation

iv. Other considerations
This key factor is given X if one of following items were identified ; -

~- A potential.sité is in the festricted'area by lavs an& regulations'such as vafér-
reserve area.

- A site is‘dwned by many ﬁrivate éwners,  And the site is? at present, used for
other purposes and it gééms diificult to acquire the laﬁd. | |

.--There aré-mény éther items which makeé.land aﬁquisitioﬁ vefy diffiéﬂlt.

b. Pdssibility of getting neighbouring consensus -

This key factor has the following evaluation items ; - -

i . Necessity of neighbouring consensus
ii. Necessity for “out of sight” measures
fi. Necessity for isclation from noise, dust & odour measures

iv. Other copsiderations

This key factor is given X in case that cne of above items i ,» ii ‘and iii vere
evaluated as very liigh or if there are any other items which makes neighbouring

consensus be very difficult to get.
c. Compatibility with regional development plans

This key factor has the follewing evaluation items ;
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i . Competitive development plan
it'. Conformity with.thé_Structure Plan and land use plan
: jit, Direction of urbanization towards sites

iv. Other considerations
This key factor is given X if the folloving items vere identified ;

- There are competitive plans on'a potential site,

- (ne of competitive'plans.is uﬁder implementétion étage or it comforms Qith ﬁhe
Struéture‘Plan and land use‘#ian more.than the use for SWN fécilities.

~ The Qsé for SWH facilities is not suitable in view of compatibility‘vith regional

development plans.
d. Bconomic Feasibility
This key factor has the follouing evaluation items ;

i. Loéation of site (distance from main vaste generation area) (km)

i Area of'site_(ha)

iii, Life éxpectancy (years)

iv. ‘Availability of covering earth

v. Acceséibility

Vi, Estiméted cost of compensation

Gii. Availability of public services

viil. Presgnt:conditions of site {Land use; type of surface scil, depth of

.gr§undqétef) |

.iKQ_Technicéi-consideratiqns

% . Benefits of site upon completion

Note ! In Case of an incineration plant, item ii. iIs replaced vith “Existence of
possible user for energy recovered by the plant” and iv, and x. is not nece-

ssary. In case of transfer station, both ii,, iv. and X . are not necessary.
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The key factor is given X in-case that the area of site is too small as a final
disposal site or there is a critical technical barrier in the use of SWM

facilities,
e. OEnvironmental Acceptability

This key factor has the following evaluation items ;

1. Possibility of drinking vater pollutién
ii.slﬁpéct'by surface vater pollution |
i, Impéét of flooding o
v, Iﬁpécf:by groundvater pollution
v ; Diéténce from airport and other public facilities
vi.'Disténéezfrom densely popﬁlated area
vil. Possibility of dust, noise and odour hazards
Vi . Compatibilify vith land use of édjacént areas
ix. Slope stability
x . Impact on inshore.or river fisﬁery

Cx. impact oh terrestrial végetétién and uildiife
X, Impabt on aguatic/marine flora and fauna
i, Impact on natural landscape
xw, lmpact on histeric places or structures -

xv,  Impact on religious places or structures

The key factor is given X in case that one of above itéms vere evaluated as “very
high” and there were a fev items evaluated as “high” .or “poor”.

(2) Evaluation of Potential Sites

Acdqrding'to the method of selection of.candidate sites from potential'sites,

evaluation tables are prepared and shovn in table 3.3-3 and 3.3-4 for fiﬁal.disposai,
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table 3.3-5 for incineration plants and table 3.3-6 for transfer stations, Some of
the sites are not recommended as candidates sites for the alternative study of the..

Master Plan, The reasons are described belov.
a. Finél'diéposal
i, Jeiutohg Area.in HPPP

- The siﬁe"is-stretched-along the Jelﬁtqng sea coast which is'alread}-urbanized.
There afé many residents in the inland of the area and the sea coast is 6ccuﬁied
.by:many.quatfers. It segés to be very difficult fo get ﬁeighbeuring consensus
from them. |

—.Since thg'site is close to the city center, there are many bompétitive develop—
'mehf.plaﬁ Oﬁﬁit;' Thd$e cBmPétifive projécts afe'much more in conf&rmit}'ﬁith
the regional develobmgnt than thé use as a final dispoéal site,

- At'preseht; the'sife is not only a main fishery bése but also a place.fof ocean
:culiq:e.' The iméﬁct on inshore fishery is expected to be very high. Besides.
this; there.are other unfavourable aspects. It seems therefore, it is very

diffiéult t9lobtain environmental ‘acceptability.
ii . Middle Bank in MPPP -

- Puiéu Pihaﬁg is known as an attractive tourist island. In case that disposai

._opératioh is done in.tﬁe site, tourists may have some bad impressions. The view
frdm'thg ?enéng Bridée will be. very mucﬁ deteriorated.

?.BBSidés, thefé are,éfher unfévorable aspects, vhich make it very difficult to

”léét enviréﬁmenfai acceptabiiity.

.~:A_bridge thch may ﬁeed"more than 20 million ringgit for construction is

‘required fof access to the site from the city.
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i, South-Eastern Sea Shore in' MPPP

- The PDC reclamation project on site is now in the implémentationistage;
It seems to be impossible to acquire land for a final disposal site in the

project area,
iv. Kampong Selamat in HPSP

- The land-is'presently aned By ébout 100 farmers. fhié'makés acquisition Bf the
land very difficult.

- The site haé been designated for aﬁriﬁulfufél'develobmeni'by FELCRA..
The development work is:schedﬁled to-start:this year..

- The site is a lowlying area and it wvay vouid as a reguiation.pond when Sungai
Jarak ovérflows; Thefefore,;tﬁe léndfill anq reclamatiéh of the site may_iﬁdu¢e.

impact of flood on other area along Sungai Jarak.

v . Mal Mandin in MPSP

- Total area available for a final disposal site is qhité:sﬁall'(G'heétares).
If all vaste collected by MPSP vere disposed of at the site,-the life expebtancy

of the site is only 1.1 years.
vi. Prai Barrage in MPSP

- PDC has an industrial complex development plan on fhe site; aﬁd HPSP has é.plgn
to use.the site as é recreational pérk. .Tﬂose plans geem§ to coﬁform uitﬁ'thg
regional development more than'thé uselas a final disppéal_site,.'

- The opération.of final dispoéél on the site may give.high impacf on fiver fisher
v, terrestrial vegetation; aquatic flora ahd.ﬁatﬂralIlandséapéa:jfhe;e maké if.

very difficult to get environmental acceptability.
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v, Prai Indusirial Complex in MPSP

- PDC hés the expansion plan of Prai Industrial Complex, and it will be
implemented”in néar.future. | |

- The disposal.operafioy of fhe.site vill deteriorate the beautiful and aftractive
scenery.ffom the Penaﬁg Bridgé. Horeover, it may give high iwpact én terrestria

1 vegetatibn and marine flora and fauna.
vii. Bukit Minyak in MPSP

- At present the site is used as coconut and pineapple plantations and is owned by
“many private péople. Even houses of the landovners are scattered in the site,

‘It seems to be very difficult to acquire the land from them,
ix, Gajah Mati in HPSP

~ Although the site has mgny.advantages from the technical view points such as
availability of covering soil at the site, it seems %o be little'beﬁefit to
acquire the;land from private land owners who are presently using this site as
rﬁbber plantations. Since unfavourable aspects on the environmental acceptabi-
lity can be cieared by proper measures in construction and operation of landfill
site, it is rgcommehded o use the site in case that the land acquisition is

secured.
x ., Bukit Tambun in HPSP

- The Penang State Veterinary Department has a livestock developuwent plan on the
site. Tﬁe experimental pasture land has already been developed and its exten-
Siou pfoject is scﬁeduled'to commence in this vear. There.is also a rehabilita-
iiqn.facility_blan for drug abuser. It seems to be difficulf to share some of

the area for final disposal in the same site.
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b. Incineration plant
i . Permatang Pauh Disposal Site in'HPSP

- The site ié being used as a ﬁain.disposal site in MPSP andrtheré is no.éthef
site identified as fhe replaéement of this site so fafﬁ
Tt is impossible to construct an inéiﬁeration'plant'in'tﬁé vaste 1aﬁ&fiil area,
- Since the site hés beeﬁ used as a main dispdsal site fﬁr many Qears, the waste
layer has considerable thickness. The'ﬁlanf should takeeprecgutiSns against
main problems félafed fo completed landfill‘such as settlement'éna gas génera—
tion. It'is not.reéémmendéd to conétrﬁét heaﬁy'stfucfureé-like aﬁ:incinefation

plant on such a veak and dangerous'ground.

c. Transfer station
i . Permatang Pauh Disposal Site

- For the same reasons mentioned for an incineration plant, even if a tran$fef

station is a lighter structure than it, it is not recommended to.use the land as

a transfer station,

(3) Selection of Candidate sites-

Through the evaluation_of pbtential site, some'bf-the unsuitable sites are.bmitted and
are described (2) of this section, The candidate sites for the alternative study for

the Master Plan are selected as follows,

. Final Disposal

o8]

Pantai Acheh in MPPP

Kuala Muda in MPSP

t

Puiau Burong in HPSP
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Note '}

As_fOr Kuaié-Huda; there seems to be conéidérablg difficulties on getting neighbour-
ing consensus and 6n_environmeﬁt§l acceptability because the site is.in proXimity to
_the.fiShery villages and part of it is a lagoon.. Qith'regards to the former aspect,
_1t 19 necessary to conflrm the p0531b111ty of getting nelghbourlng consensus from
the resldents and fishermen or to ensure the administrative consensus of bcarlﬁg
flnaClal burden for some compensatlon and constructlon cost of env;xonmental protec-
tlon measures before proceedlng into the feaslblllty study.

As for the latter aspects, the impact on inshore fishery, terrestrial.vegetation and

wildlife is to be studied further,

b. Incineration Plant

Free Trade Zone in HPPE

- Prai Industrial Complex in MPPP

.¢. Transfer Station

Jelufong Mole in MPPP
- Free Trade Zone in MPPP

Balik Pulau in HPPP

t

ﬁak:ﬁandin in MPSP
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4, Previous Study and Relevankt Projéct
4.1 Master plan on SWM of MPPP
(1). Brief Description of Report(Dahgroob'Hepoft)

As the preV1ous sfudy on SOlld waote mdnagement that was 1mplﬁment@d'
in the Study area, a proposal that was submltted by Dangroup in
September, 19868 is considered. ~The - outline 'is summarized below

a. This report is a pilot feasibility study of a maSterplan for
solid waste management in Majlis Perbandaran Pulau Pinang
{(MPPP).

b. The. total generatlon ‘of solid waste (not including  from
‘mining, construction and | agrlculture) in Penang Island
(1985) is summarized in Tab. 41*land the quantltles termed
Rey—figures for solld_waste generatlon,are_shown_ln Tab.4. 1-2

Tab.4. 1-1 Generation of solid waste on Penang Island,'IQBS.

| origin - 1985 processabie Waste
Households | 75,800 tons ** | _._'100% 
Trade and services | 50, 800 tons ¥1 . | ._'86%
mIndustries : 5,300:tons *2 | '  50%.
Bulky waste io,ooo tons *? | o zd% .
Total | | | 141,700 tons SR .. :85%
Notes

¥1 Registered amount at the weighbridge in Kampung Jaws.

x2 Estimated amount of direct haul to Jelutong landfill site.



Tab.4.1-2: Key-figures,

Solid Waste generation, Penang.

HouSehOid waste N 148 ké;capita/year
Tradg.and_services Soo'kg/employeeg?ear
Industrjes. 115 kg/employee/year
Bulgy waéte 20 kg/capita/year
Tofal 270 kg/Capita/yéar

c. Estimated solid waste generation in Penang State (in 1985

~and | 2000) are shown in Tab.4.1-3 and assumption is
about. 85% of ‘waste could be processable in the incinerating

~ plant.

‘Tab.4.1-8: Estimate of solid waste generation in Penang State.

d. ‘According to ‘the composition data of solid waste analized

1985 2000
X 10% tons X 10* tons
‘Penang Island- C141.7 206.89
Seberang Perai 113.0 163. 9
Total 254.7 370. 8
Processable 216.5 315. 2

in 1980,_an.assumption'of water content as to 60%, average

calorific value of processable waste is assumed to be 1500

k¢al/kg. But this figure has not been verified during

the study, so,
- have to be done.

comfirmation by further investigation
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This study examines four wodels; A through D, as shown

[5-8
below. (Tab. 4. 1-4)
Tab.4.1-4 Definition of model A,B,C and D
e _ 7 T ‘ ; - —‘]
Service Area ITncineration and Solely Sanitary
Sanitary Landfill Landfill
penang Island, Model A : Model B*
MPPP
Penang State,
MPPP and MPSP - Model C* _ | Model D*
The_model_mafked.with'* contains the installation of

Notes:

transfer station.

For these four models, the scale of the incineration plant,
transfer station and the scale of the landfill were examined,
and a candidate sites for each facility were proposed for
each model. (Tab. 4. 1-5) |

Tab.4. 1-8 shows ‘the cost éalculation of the incineratidn plant
that are included in the model A and C. In this = table,
yearly energy production, eledtricity production cost
($/kwh), competitive cost which- will be obtained from
0il firing boiler/turbine-generator (fuel cost only), etc, .
are shown. '

For the four models through A to D, the ihitiél'invesﬁment
cost, total average cost per annum, expected income and

yearly average cost (#/ton}, etc. are summarized in Tab.4.1-7

Conclusion andd recommendation;

- The conclusion of this répOrt is that the Cheapést*
alternative of solid waste maslterplan for Penang Island is
direct-diéposal of all solid-wéste at a oontrblied landfill
and that the total cost per ton waste introducing
incineration with power production will increase;
from 66% per ton (éollectioh) + 18% per ton (tranSpoftatioﬂ
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and disposal) = 82% _
to 66% per ton (collection) + 27% per ton (together with
“ineineration) = 93%.

-~ 'This increase equals approximately 15%, which will tend
to decrease with increasing oil prices or shortage
of electricity. The benefits of this increased expendi-
ture are envirommental protection, technology transfer, 40-
50 new jobs and energy savings.

. = Fronm agstrictly economic - point of view it is récommendéd

o to estabiish a 'contrblled or sanitary landfill as
soon as possible, and if a sufficient landfill area can
be found, to make this the only solid waste plant in the
quture'SOIid waste management system.

- Althbugh_ incineration is the only acceptable solution
on 1oﬂg~term basis,'mahy .examinations as well as a more
detailed economic evaluation of the project will be
necessary.

Tab.4. i-bScale of Facilities and Candidate Sites for each Models.

MPPP . MPPP + MPSP
Model A Model B’ Model C Model D
Total Solid Waste 388t,/d—~-~1985 698t/d-~—198§
Generation(t/d) *! (567t /4-——2000) (1015t/d---2000)
a. Incineration 380t/a *°? ——— 630t /d  *? e
' Plant‘ ; (2x8t/h/ 1 8x10t/h/
s unit) *° unit) = *?
[Candidate Sitel- Bayan - Perai In- ———
o Lepas Free dustrial
Lrade zone _Area
b. Transfer Station — 65t/h ** 85t/n . 85t /h
[Candidate Site] -— Kampung : 'Kampung
Jawa Jawa or




Jelutong
Reclama-
.tion Area
c.Area of Landfill | 20 ha 80 ha 35 ha 145 ha
site _ L \ L
{Candidate Site]) South or . South of
West. Coast - Bridge in’
MPSP .
] 1
Average Volume/ _ o : L P
vear *5 | 70,000 ni | 270,000 nf | 120,000 ni | 480, 000 w
_ ' —
Toetal Volume in _ . o ‘ _ :
15 years 10X10° i | 4X10% ‘nf 1.8X108 md | 7.2X10°% nf
| _ ]
Remarks

xl, Total amount of wastes are obtalned from Tab 4. 1 3

"%2. Scale of incineration'plant_is planned:fdr procéssable wastes.

X3 Future extention of one unlt at each looatlon is concerned

{(in the period of 1990- 2000) .

x4, Transfer_statioh is capéble.of 400t/d:wastes in 8 to 6.5 hrs'

operation.

Future'extention_Is_élso concerned.

x5. Landfill volumes per ton after campactlon and’ dally coverlng

with soil are assumed to

¥

1 'ton processable waste

1 ton non-processable waste

1 ton processable waste (after'incineratién)“ Oﬁgny.,f
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Tmm4.l?GCapital & Operational Cost, TIncineration Plant with

Power Generation

(Price Level in 1988)

MPPP + MPSP

- MPPP
Model A Model C
capacity of Incinerator 380 t/d 690 t/d
E (3x10 t/h/Unit)

(2x8t/h/Unit)

Total Capital Cost ($)
Total Operation Cost ($)
Ambrtization,:pay'back

-~ (for 20 years)
sub Total (%)

55,000 x 103
2,580 x 10%
4,050 x 10°

6,610 x 103

90, 800 x 10°
4,170 x 103
6,680 x 10°

10, 850 x- 103

Energy Productionzper‘year*i

Electricity Production Cost

byﬂlnciﬁerator:,_
(Potential Revenue) *?

28, 200 Mwh
0.23($/kwh)

(0. 14) (8/kwh)

§3, 000 Mwh
0.20($/kwh).

(0.14){$/kwh)

Remarks :

%1,

2.

These figures show surplus energy available to be sold.

Potential revenue ($/kwh) means competitive electricity

cost obtained from oil firing boiler/turbinemgenefator,

(0il prices only).
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= Tab,4.1-7Comparison of 4 Hodels

+* Unit price of electricity salable is estimated as to 0, 14$/kw

MPPP MPPP+MPSP
Hodel 4 Hodesl B Hodel © Yodel D

(1) Initial Investsent Cost (x10* $) |

Incineration Plant 55,000 e 90,800

Landfill 575 1,500 945 2,555
Transfer Station s -4.300 4,390 4,300
Total 85,575 5,800 95,045 6,853

(2) .:‘Eotéi-Average Cost Per :Annhal (X10" $) for 20 years
. Capitai / Ruﬁnih; .Capital ‘RunningGapital RuﬁnindCapital RunniﬁsCapitél 'Ruﬁnidg
Incineration 4,050 | 2,560 | — | — {se80 [4070 | — | -~
Land£ill 20 | 180 | 780 | 3s0 | 3s0 | 300 {1,330 | 660
Transfer Station — — | 320 | s20 | 320 | s2 | 320} s20.
Transort KPPP — 70| — | 360 — 380 | — | 360

{4,200 {3,510 {1,000 [1,270.] 7,380 |5,370 | 1,650 | 1,540,

Total Cost 7,800 7,370 12,760 3,180
Income +* 3,900 7,300

Net Cost. 3900 - 2,370 5,460 3,190

(3) Yearly Average Cost Per ton. for ﬁPPP ($)+*

Capital / Running 30/24 /9 29723 7s
Total Cost 54 16 52 18
Incoms 27 27

Net Cost 2 16 25 16 ]
Note :

»? Yearly average costs in Hodel C & D are calculated for HPPP under assunptlon that the

Transfer Station is ovped by HPPP and that all other expendltures except transportatlon i

costs are spllt betveen HPPP and NPSP preportxonal to amount of vasta delivered
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(ZX Comments.

aAfter the review of Dangroup Report, it is suggested that
recqhsiderati@n and further study shall be done on tLhe following
points. '

a. Quality of refuse

For both MPPP_aﬁd'MPSP, an estimate is made on a calculation
basis in which water content is 60% and refuse calorific value is
1500 kecal/kg. It is a matter of course, there values shall be
reconsidered according to the waste composition analysis now
under way.

b. Incineration with power generation

In the report presented, electric power generated per ton of
refuse is estimated higher and power consumption of plant is
assumed lower than the . values . which considered necessary in’
normal operaﬁion Therefore, the figure of surplus electricity
seems to be estlmated higher.

:Highér vate of power generation is usﬁally obtained in the case

of water cooled vacuum condencing turbine System usually used in
commerciai power plants. But, as already shown in the examination
it is found - that this system has some problens, for example,
higher coﬁstfuctlon cost of water intake facility, higher
maintenance cost,_and dlfflculty for the selection of possible
plant sites,ete. ' '

'Taking these factors into consideration, as an alternative, we
now propose an air‘tobled condencing system which may be slightly
lower.in.power generation, but has several advantages, such as
simple construction, low plant cost, and free from locating
restrictions. ' '

¢. Income by selling of electric power

The unit prices of Surplus'electric power given in the reports
are dlfferent and unclear.

(0.05 $/ .. Klang Valley " Report, 0. 14 $/ .Dangroup Report)

The 1ncome by selllng of superfluous power is a very important
factor having: a- great effect on refuse disposal cost.
Therefofe; before drawing up an estimate, it is suggested to
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confirm the possibillty of acception of surplus power and the
purchase price, which shall be defined by NEB Head 0ffice. -
(The purchase unit price. w111 ‘be variable according to the value
of surplus power evaluated by NEB. The value depends on. plant
reliability, rate of operation, quality of generated  power
(fluctuation of power being generated), construction costs of
high-tension power transmission cable which vary with locating
condltlons, and other factors)

i, Construction cost

In this report, the construction cost is estimated at 145 X 103
126 X102 $ (at plant capacity ‘of 380 - 720 t/d), ‘but
breakdown of the construction cost is not presented. At present,
it remains unclear how much money is congsidered for pollutlon
control systenmn, aunomatlzatlon, stablllzatlon of . power supply,
etc. - Based on data of Southeast .Asian countries, it is now
‘'essential to reconsider the costs; - concerning ‘the dvailability
of local materials and equipment, ' o
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4.2 Structure Plan of MPPP
(1) General"

The local Plannlng authorlty of MPPP publlClzed the Draft Structure Plan of
MPPP in September 1987 follow1ng the enforcement of the Town and Country
Planning Act/1976 by the State of Penang in 1985,

Nest step'will be “Considération'and hearing of public objections"
The goal of the Penang Island Structure Plan is “To Maintain and 1mprove the
‘social, economlc and” physxcal well-being of the communlty in Penang Island

hy ensuring an env;ronment conductive for living, working and playing.

Sub3ects described in the ‘Structure Plan are hou51ng, 1ndustry, commence and
_serv1ces, tourlsm, agrlculture, commun1ty fac111t1es, recreational
amenltles, publlc utilities, env1ronmenta1 quality, transportatxon urban
form, . townscape and landscape, bumlputra participation, and finance and

organization.,
Points of direct concern to so0lid waste management are as follows;
. Required number of housing unit for every year is 3,300 in average

. The amount of land required for housing until the year 2000 is about

1,300 hectares .

. Fofiindustrial purposes the overall amount of land required by the

year 2000 will be bout 262 hectares

. Future industrial activities shall bg located within designated areas
© such as in Jalan Brick Kiln, Jalan Sungai Pinang, Jalan Sungai, Jalan

Lines, Jalan Jeiutong, Bayan Lepas and Bayan Baru.
.+ It.ds estimated that the total commercial building floor space

‘required by the year 2000 will be about 1.20 million m. Bayan Baru

and Tanjung Tokong. shall be sub-regional centres,
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. The western part of the Penang Island is envisaged to be maintained as

an agricultural belt of the island,

.  The MPPP shall continue in its effort to maintain and impfove its

gquality 'of service of solid waste disposal and management. - Ways in

which this to be done include:

i)

ii)

ivy)

)

vi)

vii)

Close monitoring and supervision of the work of the “Collectors"

and contract labourers to ensure a higher standard of cleanliness;

Proper dumping of rubbish,_spraying'of.insecticides, land filling,
and bunding at the dumping site to preveht-the unsanitary

conditions, water ponding, smell and pollution of the sea:
Continuous stringent'enforcement'of Section 47 of the Street,
Drainage and Building Act, 1974, to prevent the indiscrimination

throwing of rubbish by the éublicsin'Public places;

Ensuring that households and firms put their rubbish in proper bags

and bins for easier collection and a cleaner enviromment;

Regularly conducting public education programmes to instill

civic-mindedness and clean babits into the public;

Continuing to examine better and more modern ways of solid waste

disposa1 and management to improve efficiency'and cut down cost;

Cooperating with the Department of Environment to monitor the

discharge of toxic wastes from industries.

{(2) Survey Report of Structure Plan on Solid Waste Disposal and-Management

of MPPP

Survey report is part of tﬁe structure plah‘of MPPP; No. 14 study report

"Public Utilities Study" which describes on solid waste managemeht'in.MPPP.

This study was carried out in September 1983 to 1984 and situation of that

time reflects to this report., The situation of that time is described as

follows:
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“Solid waste disposal'and management in the island is generally recognized
as in.ad§qhate.- Littering is still a common occurrence and its omnipresence
is quite bftén taken for=qranted. Litter and much larger waste are disposed
of into drains, rivers, sea, etec. with ease and without any conscience.
Certain areaé are affected more intensely than others and such.areas are

marked by strong offensive smell,"

"bisposal methods in operation at the Jelutong Mole Tip Site was far from
satisfactory éfen-though-dumping is the main form of solid waste disposal in

penang Island,"

"During the initial pericd of study., problems faced by Conwaste (PP) Sdn.
Bhd. were givenipuﬁlicity in the Press. Basically, the problems were the
inefficient services provided and the inappropriéteness of the system to ocur

narrow streets in parts of the city."

Based on the above mentioned situation, this report mainly concerns to the
immediate improvement plan and recommendations. After the study, situatjon
of solid waste management was changed in many ways and bring-a drastic

improvement in following manner.

fa.:Almost all of refuse collection is contracted out to private
cdmpanies. Refuse collection méthods is mainly by side—loader system
which is.one of a single handling System. Some mwunicipal officers say
that contractor basically provide a good service at present except a

few problems.

b. Present final disposal site is Baku street dumping site located beside
the Jelutong Mole which was expected to last until 2000 and but is

closed already.

c. Estimated waste amount in 2000 was 140,000 ton/year, which is about
same as in i§87. Actually because of rapid increase of waste amount
and due to improvement of collection servicé, the result of forecast
does not suit the present situation and a revisition on it is

" necessary.
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This survey report recommends tclimprové the solid waste management,

immediately on monitoring of waste amount and composition, disposal site,

enforcement and control, Some of recommendation were conducted as follows.

a.

b.

There

Monitoring

- Waste amount A weighbridge with recording machine was
installed in May, 1987 at the entrance of
the present disposal site

- Waste composition There were no studies after 1980

Disposal

The following facilities were recommended.

" - Fence and gate No fence and gate

-~ Weighbridge station

with recording - A weighbridge was installed
- Tree and shrub . No tree and shrub
-~ A bank between sea _
and site -No'baﬂk _
- Covering : In 1987; about 10,000 ton/year .of red earth
‘and -quarry remaining was used for covering

the solid waste
Enforcement and control

- Education through

campaigns, etc. Not executed
- BEducating through '

strict enforcement

of anti-litter low Not executed
are Issues consisting of 4 points which will be studied.
Hew methods will have to be found if the cost is ﬁo_be reduced.

Separation of different types of rubbish: at the source of generation,

and recycling may be some of the solution.
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b.

New sites or other methods of waste disposal, such as incineration,.
will have to be found,

The  land filiing method of waste disposal along the coast if poorly

done is a source of pollution to the sea.

‘There have been high occurrence of indiscriminate dumping of rubbish

into open drains, streams, vacant land and the sea. And also the
often indifferent attitudes of the public in leaving all
responsibility for rubbish disposal and cleansing to the MPPP, without

involving themselves, does not work well towards the improvement of

"the environment.
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4,3 Development Plan {(Structure Plan) of MPSP

Currently Repoft-of Survey of MPSP is in publicity; Public representation

will be made'by the middle of March 1988,  Structure Plan is expected to be

ready in few months time.

' General recommendations in the Report of Survey are:

To balance developments ahong towns and settlements by upgrading less

developed'towns and settlements.

Distribution of basic facilities, educational opportunities and

government services to settlements.

Items directly related to solid_waste'treatment are:

Waste collection and disposal

Problem and main issues

Present dumping grounds are swamps and unsuitable for use. Suitable
sites are d@ifficult to get due to high cost of land and limited

choices.

Currently‘there is only_one_dumping ground in the study area thus

causing high transportation cost and inefficiency in service,

Crude dumping method is unsuitable and not eﬂcoufaged. To have proper

contrdlled tipping requires large qﬁantities of earth and this is

‘costly.

‘Natural flat terrain of the study area has made it difficult for

proper drainage sYstem. ‘High water table causes dispoéa; by trenching

though not practical.
No proper or specified site for toxic wasté.disppsal.

Attitude of people who lacks in gygiene conscious.
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As

q.

Industrial waste discharged into drains are dangerous as these wastes

may be toxic to water life,

recommendations it says:

da

New”dumping grounds shOuld:be'prbvided to cater the refuse from every

district. GSite selection should be based on guidelines set by DOE

'othér'than:those practised by MPSP.

_Redycling_oy salvaging re-usable materials should be studied for

review by MPSP for further action.

Centrallzed toxic waste dlsposal system including’ complete disposal

facilities should be provided to serve the industries in Penang sLate

A waste disposal system that does not pollute and modernise street

‘¢leaning should be prépared”to'cater for future needs.

‘Waste discharqéd from industries into central sewers should be treated

‘properly.

MPSP should cons;der the usage of incinerator for waste. It seems a

sultable long term 1nvestment.
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4.4 Klang Valley Environmental Improvement Project

This report was prepared by Engineering Science Inc. and SEATEC
International for the Klang Valley environmental improvement
project, in April 1987 (8). The intermediate treatment facilities
described in Chapter § "Solid Waste Management" are outlfned

below.
{1)General

The current solid waste collection situation in each type of area
in the Klang Valley Districlt is assessed as follows. =

Urban ATeas . ... .. vrnrvnnennns generally'satisfactory

Rural'Areas/New Villages ....... improvement required

Traditional Kampongs ........... solid'wasxe is usually burnt
in the viecinity, causing air
pollution

Squatting Areas .......... S collection is only partially

conducted and most of the solid
waste is either illegally
dumped in the river or on

neighouring public sites

Apart from use of the Shah Alam disposal site, the final dispésal
method employed in the district is unsanitary open dumping.
Improvement of this situation is the most crucial problem for the

district.

The solid waste amount forecast was made‘OH the basis of the
following assumptions. As the table below shows, unit génefatioh
rates were assumed for the categories of doméStic, commefcial,
market and induStrial waste and changes in these unit rates were
assumed for the future. However, in the case of industrial waste,
a unit rate of 0.20kg/capita/day was used as the basic rate but
was adjusted for special conditiohs in certain areas based on
public policies with respect'to the location of heavy industriés
in the Klang valley -
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Unit Generation Rate by Year (kg/c/q)

1885 1980 19885 2000 2006

pomestic Waste @ - 0.50 ~0.53 0.55 0.58 0.60

Commercial Waste 0.25 ©0.26 0.27 0.29  0.30
Market Waste 0.16 0.13 0.12 0.11 0.10
Industrial Waste 0.20 or special rate adopted

The introduction of an'effjcient system which assigns multiple
collection routes with priority orders to each crew and which can
cope with the'ab$ende of drivers and/or collection workers is
proposed SO that-improved, réguiar collections can be implemented.

Wlth regard to the 1ntermedxate treatment method, both the
composblﬁg and incineration methodq have becn rejected on the
grounds thab.there is no suitable market for compost and that the
incineration treatment cost is five or six times higher than that
of sanitary landfill.,

1t is concluded that the sanitary landfill system with the
construction of 3 sanitary landfill Sites and transfer haulage is
the best,alternatiﬁe, The most critical problem in the promotion
of.theiprdje¢t, howaever, it is the difficulty of securing these
sanitary landfiil'sitesh

Thé federal goﬁernment should, therefore, be adequately
compensated for'the use of its public land by the regional
disposal organizationSL,irrespective of thesé organizations being
public or private. Cbmpensation can be negoliated in several ways
and may include, for example, any or all of the following.

- Rental fees paid by regional disposal organizations for their
use of public land for the period used as landfill sites.

- COncessionaty rates for the disposal of solid waste for those
areas in which regional landfill sites are located.
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~ Establishment of a sinking iund to ensure that enough money is
available once filling is completed to undertﬂke the landsnap1ng
of the landfill sites for whatever purpose decided by the
federal gOVanment, including open recreational areas, public
parks, sports facilities and housing or industrial. complexes,

ete.

{2) Composting . _ o .

' For comnosting, its baekground or previous study is not
described.
As ‘a comment on 1ntroductlon of the compost ‘system 1nto
the Klang Valley Prodect the report describes ' '
Compostlng is not con81dered to be a feas;ble alternatlve
‘for the present and in the immediate future because it
will result in an insufficient treatment and it is hard
10 obta1n a sufflclent market. :

(8) Incineration | _ _
—Technically, there are there'typesloffincihérétlbh';'(1)
Mass incineration, (2) Refuse derived fuel, and (3)
Pyrolysis. o ' _
In terms of technical reliability and stability, mass
'incineration is only the SUeceSSfdl appl{CatiOn '
—In application of 1n01nerat10n 1n the Klang Valley
The calorific value of 'waste in - Klang Valley is. 3315
Btu/1lb(approximately 1,800 Keal/kg). As to obtain 243
kwhfton/day power, the follow1ngs were calculated for two
alternatives, 250 tons/day and 500 tons/day ' '
- Capital cost
- Operation and maihtenénee cost”
- Amortization of capital
- Revenue from electricity.
As a result it is reported that the treatment cost per
ton is M$45/ton for the S00 tons/day plant.
This cost is much higher than the selely sanltary landflll
cost. .
Should:the capital cost he halfed, the treétméntfeoet
would be M$18 per ton, and total cost is to be M$ /ton
which is still more expensive than that of the solely
anltary landfill cost M5 /ton.,
—Conclusively, the incinerator requires a high eest, so'it
cannot  be recommended as the solid Waste"management
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program*for the Klang Valley area at present.
This conclusion, however, should be examined in future

because factors such as the waste quality, energy cost,
etc., may change.

(4) Material Recovery . o _

' In lieu of the scavenging practice that is currently
performed in ‘the landfill site, a simple method is
proposed that collects the salvageable materials on the
belt conveyor by hand picking. . i
For realization of this method, the market size,
quality,.pricef and market stability should be evaluated
for_.each salvageable material. After the pilot test,

‘-prOtoﬁype system should be designed and constructed.

(8) Transfer Station
Relating of +the long-distance haul from urban area to
the expected new landfill site, cost evaluation between
direct _haul and transfer haul was examined under the
several assumptions, such 'as the scale of +transfer
station, size of vehicle, and distance of haul, etc.
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4.5.1.

4.5. The Incineration Plant in Kuala Terenggany

General

(1) Outline of Vigil and Plant

a.

Date of Survey

12th.3u1y 88 - Plant survey

13th July 88 - MEELlﬂg with Kuala Trengganu O;Flcerb
information-obtainéd are:

a. Proposal document of: suppllers

b. Present situation: conflrmed throuah 51te observatlon

. Infornatlons obtained through d;scus31on

Information not available are

|

Specification drawings, operation manual -électrical control
sequence diagram, etc '

- Operation record (daily or monthly)
eg. . treated amount. of wastes
electrlclty generated
data related to envircnmentail nu1sance  such- as air
pollution '

- Record charts on gas temperature, generated steam amount, etc

There are no documents except aforementionéd in KZ)af_and these
materials have not been handed over to the officers at the Kuala
Trengganu City Council. No technical training on plant operation
has been given by suvplier. ”

In this case, all information related to this plant are very
lLimited, and not disclosed. ' ' ' '
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d. Grade of Mechanization/Autcmation

= Handling of:waSte:— By a shovel loader
~ Sorting out of bulky or incombustible waste:- Manually
- — Control:— Automatic controllers are mounted to incinerator
- and waste heat boiler (W.H.B.). The automatic
-controliérs were nowever, under adjustment.

e. Countermeasures of Pollution

— There are no dust ccllector no Geoqour1zer no waste water
Ctreatment eguipment,; and no 51lencers

f. Environmental condition and claims by inhabitants

OﬂiY'severai factories are located around the incinerator plart,
and no claim has arised..

g_'P0wer Generation

Durzng the pe%;od of 2-months at full ooeraf;on electricity
generated hy stearn- turbine genarator was for 1n~0‘ant:usé, but
selling of the excess electricity to NEB (Nat;onal Flectricity
Board) was not 1mp1emented yvet.

h. Construction cof Facility

The:site was seLe¢ted_in 1986. Construction work lasted 13 months,
before completion in July 1987,

Plant Cost - $6.5 Million
(1.2 Killion — Civil Works)
5.3 Million - Mechanical & Electrical and
Assembly Works)

2.'PUfpo§e of Incinerator Project and Consiruction Progress

O

-~ A 40 acres landfill site is available for the disposal of
-muniéﬁpél_@aSte. Ite 1ife expaecitancy is about 20 vears even it

all raw waste are disposed at this site.
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The reason why the incineration plant had to. be introduced isg
that present landfill saue was initially planned for temporary
use, therefore only hygmnlcally 1nglnerated ash was allowed to
be dlsposed off at the site under the request of nearby
residents. : .
According to the repavment schedule of the investment, it will
be possible to expect revenue of $750, 000 per year by selllng
excess electricity to: the NEB. -

Progress of incinerator prOJect are as follow P

- 1982 commencement of Lea31b111§y-study

-~ 1985 materialization of construction plans

- 1888 commehCEment of éonstruction work

1987 (July) COmpietion of incineration plant

After completion of the plant, the engineering departmﬂnt of MPKT
has been engaged: in the operation.

Record of Plant Operation

A ) B . C . I

Partial Operation Full . Plant Shutdown
Operation
including readjustment or
modification
7 8 g 10 11 12 1 2 3 4 5 8 7 8
| SO—SS'ton/iShrsl- . Expected month
operation ~ to be started

operation

Duration of Partial (ON-OFF) Operation (about 6 months)
~ Above shown Period A '

After completion of the plant, trial operations were done Darulaily
In this stage, the plant was ShuL dovn several times due to
- readjustment or modifications.

Full Operation Perlod (about 2 monphs)
- Above shown Period B
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W

In January and February 1988, full operation was relatively

successful.

. Amount of waste incinerated was 50 ~ 35 tons/day

Operation hours was 18 hours/day or less

Duration of Plant Shut-down (about S Months)

e Shown above in Period C

Wholerplent is now being shut—-down due to severél kinds
of failure. - N

It isesaid that the worst problems are due to damage of inverter

and"feilure of the automatic control sysiem. Recommencement of
plant ‘operation is expecteéd in August, 1988. '

) Process_flcw of plant

Process flow 1n1t1a11y proposed and furnished by contractor is as
shown in F1g 4.5-1 however, some parts (marked x) has alreadv been
replaced to improve the svstem during the trial opsration Derloq
in order to’ assure more stable operatlon

Replacements done are:

" Belt transfer:- replaced by apron conveyor system
Screw conveyorze replaced by hydraulic ram-feeder system.
Ashﬂscrew conveyor:m replaced by scraper conveyor systen

Shredding machine:- relocation of the shredder to allow easy
delivery of shredded waste.
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5. Constituent and Rough-Specification of the Plant

Since no drawings ére available, 3 drawings are prépared through
physical observation of the plant. Fig..4,5-2,3,4 . each shows a
Schematic Flow of the In01neratlon Plant Skeleton Diagram of Steap
& Electricity, and the ADDDOXJmEte Plant Layout.

Major facilities and equipment"are as follows.
a. Refuse feeding & aSh dischargér

- At'the_refuse reception yard, bulky waste and incombustible waste
(ferrous or non—ferrous metals) are sorted-out manually.
‘Wastes are then pushed into. the recelv1ng hopper of apron convevor
by a shovel loader -

~ Incineratéd ash obtained from the end of the rotary-kiln is
discharged to a container, then disposed at landfill site.

b. Incinerator

~ Capacity: S0 tons/24 hoursx

- Type: . 'Rotary Furnace PYTOlltIC In01nerator Model 8 x 386

- Manufacturer:Bumi Enercon Sdn Bhd, Malaysia - o .
Licencee of U.E.I. (Un1versal Energy Internaulonal
{Incorporation), USA)

xNote : It is said that the Kuala Trengganu piant'bas a capaéify of
100 tons/24 hours but the proposal submitted .to the Kuala
Trengganu Clty Council states that the cap301ty of .
this plant is 80 ton/24 hours.

¢. Secondary Combustion Chamber

- Stationary, Cyclone Type with inner castable refractory lining.
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d, Waste Heatl Boiler

- Type: . 2-drum type water tube boiler
- Manufacturer: IBAE (international Boiler & Allied Eguipment),
Malaysia
»_Specﬁfication :
Evaporation 27,000 1b/h
'Préssure S R 250 psi
Stean temperature about 270 ° ¢
Exit'gas temperature 258 ° ¢

~e. Stean Tufbiné/Generator (With Reduction Gear)
- steam Turbihe“j(imported'from West Germany)
Maximumfoutput_ 1700_kw
Normal output 1579 kw

- Steam Condition

Inlet pressure 22 Bar. abs

Iniet température' 270 c
Exhaust pressuré_ 0.25. Bar. abs

- Generator (imported from West Germany)
 Capacity - 1,500 kw, 1,875 KVA
Voltage - 400 volts
. Diesel Alternator (imported from France)
= Capacity 268 kw (335 KVA)
g Steam condenser (Malaysian made)
- Type VAir—éool&d'Cbndenser with assist of water sbray

h-';Bdilér Feed Water Treatment Syétem
Deaérator,-water purifier ete. are provided.

i. Waste Water Treatment System
All are not provided.
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4. 5.

(ay A

(L)

()

(2)

(a)

1)

2. Problems and Recommendation

Reéelated to the Contract

11 useful references,'such as, specification of the'plaﬁt,
detailed drawings, operation manuals, etc., wére not handed
over to the Municiﬁality. -Therefore, it SeemS:that opefators'
will nct be able to do anything during plant failure.

Prior to the commenoément'of operation, training or technical
transfer to the plant operators has to be given . by the
supplier, but the complete training has not been done yet.

Due to frequent plant failure, expected revenue obtainable
from sale of surplus electricity is still not available.

Related to technical points

Receptloh and fmeqllg o* waste

As For redeiving and feeding of wastes, originally, pit and
crane system is most recommended. Present plant has been
plamed and constrocted cost wise, whlch ‘has ‘sever 1
problems such as: '

(1) Di@fusing oQour

(2) Unhvgienic and unsafe working condition

(3 Easily corroded electrical partq due to dusty and humid
environment. .

Supposing if this feeder sy&tem 18 sbgll LO be ut1114m  ste

revisicn will have to be mads to assure contanOLs and stable

operation. _
1} modification‘Qf'apron:conveyor - "much w1der and str onge“
Z2) modification of shredder -~ bigger. and stronger

| | “ type with highex. power.
3) modification of belt convevor ~  wider and thicker belt,

“and a:measure?tb_avoid
spillage of waste.

—286 -



kY.

i)

Incinerator

According to the proposal document submittéd.by supplier, this
_incinerator is designed  as ~"Starved air pyrolizing
COmbustion sysiem". Since only poor primary air is
introduced into the furnace (rotary kiln) in this type of
combustion, the ash obtained from the incinerator-end still
contains large amount of carbonaceous object similar to
charcoal. _

Therefore,'compared to conventional mass burning stoker:
system, this incinerator in Kuala Trengganu has lower combustior
éfficiency,_higher ignition loss,.aﬁd much more amount of '
residue which results to poor volume-reduction rate.

Check-up or examination onto the shape and dimension of waste

feeder chute and ram feeder in order to avoid the clogging and
to allow contimuous waste feeding. These dimensions seem to be
too small.

iii)Related to electricity generation

Currently, for-starting-up operations, the diesel alternator
set has to be operated daily, and this consumes engine fuel
eVerydéy.“'To sa#e expenditure and for easy plant operation,
it is recowmended that electricity should be allowed to be
‘freely delivered or freely consumead.

iv) Evaporation Control System

Eméfgency;staék‘is_provided'before the entrance of waste heat

boiler, and, it seems that there are several disadvantages that

exist on the steam generation control system.

1t
'reCOVered perfeétly,by_not using such kind of emergency escape

~ Energy losses to the atmosphere
‘Possibility of fire around the plant

Possibility of .air pollution
- Poor control {(existance of time-lag)

is recommended that the energy available from waste would be

S5tack.
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4.5.8 Questions and Answers

List of questions to and answers from the MPKT officer are as

follows.
(1) Plan and Specification

- Drawings including flow sheet and plant layout (plan'&
elevation :
. Not available upon request.

- Amount and types of waste S
. Incinerator capacity: 100 ton/24 hours x -
.Type of waste: Municipal solid waste.

- prClIlcatJOD of plant

' .The exact SD801f10at10H is not avallable except for
brief descr;ptlon submitted by suppller during proposal
stage. '

- Procedures needed for the plant construction:
.Closed tender system '

- Contractor, manufacturer and period of construction
. Contractor: Bumi Enercon ‘Sdn. Bhd.
.Manufacturer of incinerator: -ditto-
.Manufacturer of W.H.B: IBAE o
.Others: refer to page describéd in this report

% It is eclaimed that the plant has 100 ton/day capacity but
proposal document states its capa01ty as 90 tons/24 hours

(23 Construction and Operation & Maihtenance‘Cost'

- Constructlon cost with the folIOW1ng breakdown .
.Civil Work: . '; - .$1.2 million.
.Mechanical & Electrlcal Work: $5.3 mllllon'
(installation 1ncluded but not ‘

including spare parts)

Total Cost: $6.5 million
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~ Operation & Maintenance cost
_Operation Costs: ~ $13,000/month
.Maintenace: - - $1830,000/vr
'(Breakdown is not available)

(3) Operation

- Record of treated ‘waste amount. (daily and monthiV)
No record is available _ :
January/Februaryilsss, 50-55 tons of waste was treated
daily (in 18 héurs/day or less)

~ Waste composition :
There is only a data sheet that has analyzed by a UK
consultant (G.I.E.) in 1983, as shown below. In monsoor
season, more than 70 % of moisture content will exist.

REFUSE ANALYSIS

Date B 19 October 1983
Refuse Cond1t10n ' Dry, two days old
Heather Conditions ‘ Stight rain

Total weight of sampie 800 kg
“Total volume of sample 3.5cu yds/2.67cu m

Area . - - - .. Tekukur, Belakang Naza, .lorong
Datok Bakar
cousrlxuéﬂf NCIGHT-kg | WEIGHT-X | vOLUXE €U FX YOLLBRE X
:'veget;hlc/putrcsclblﬁ 594 661 ISE L3.5%
Paper _ 38 1ix 21 22.0%
Plastic ] | 3.5x T2 S 13.0%
Hetal 103 11.5% 15 : 17.0%
Glass .~ - 62 X 3.0%
Textiles T 1 s 1.5%
Cinder - . - .
.Unclas:ificg! - - - .
200 1001 EET I 100%
: E—

DEKSTTT « 257 kgfcw yd or IW? 'r.g/.cubic setar
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—~ Dailv or monthly operational records on amounts of generated
steam Which include nourly incinerated waste amount.
No record is available '

- Generated power, Dhower consumption, auxiliary fuel consumption,
etoe. _ _ : : :
No record is available

- Actual measured data of dust content in flue gas
No data is available because there is no measuring
device but it passed inspection by D.O.E.

— Data on repalrlng and malntenance work
eg:. Major parts which were overhauled
Cost of the averhaul
. Maintenance system
Tender procedure
Details are not avallable due to the partial and 1rrevu1ar
- operation.

- Stock of spare parts
Almost no spare parts are furnished by supplier.
(4) Organization, Revenue and Expenditure for Incinérétjon'Plant

- Organization(s) responsible for operatidn.
Mechanical Engineering Department, MPKT

~ Number of persopnel according to work catégoryﬁ
Mechanical Engineer (university graduate)

Technical Assistants (diploma level)
Electrical Chargemen

B B

Boiler Operators
Mechanical Fitters

bNd W W

General Laborers

Pt

Weighbridge Operator

Total:28 (3 shift operation)
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-~ Planneéd revenue and expenditure

Expected income 8750, 000/vear

Maintenance $130, 000 /yvear
Operation $156,000/year

- Tralnlng and educatlon programs of personnel
No tralnlng and education received

(5) Others
-Comments on the possible modlflcatlons for improvement

They are now considering the following 1mprovement
plans
- For receptlon storage, drying and feeding of waste,
additional reception vard with roof and another one
stream of conveyor system have 1o be prepared. '
- Use of saw mill waste as a supplementaxv fuel is
bezng considered.
- Installatlon of larger and stronger shredder w1th
effective separator.
—'Ingectlon of waste o0il and/or ‘waste liquid is under
consideration. _
- Employing consultant for the operation of plant might
be necessary.

~ Commenis on generation of electricity
According to the contract with NEB, surplus electricity
generated from the plant can be sold to NEB with unit

price of:-

'$0.14 /kWh for peak hour (1l4hours/day)
$0. 05 /kWh for off-peak hour (10 hours/day)

- Enviromental issues
‘No claims has arisen in this stage.
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4.6 Technical Information on Waste Treatment and Disposal in Singapore

4.6.1 General Condition

(1) Preface:

Tt is considered that it Will‘be good reference to recognise the
present situation of waste treatment currently précticed in a

developing couhtiy in South Easte Asia.
With this objective in mind, we have chosen Singapore as an example,

The following are technical information isummaried; according to the

available references ‘and other maﬁerials.
Information as shown below include:-

- General condition of Wéste.ffeatﬁéﬁﬁ'in‘Sinéapore 

- Aamount of waste and thEif treatment- ' o

- Brief information of facilitiés

- Rgsponsible'orqanization ' o

- Technical information on Tuas incineration plant .and Kim Chuan

transfer station
(2) General condition of Waste Treatment - in Singapore

a. Area and Population’

- Land area approx 581 kmz
~ Total Population 2,550,000
- Density of Persons ' approx 4400 persons_per.km2

b, Waéte Quantity
In 1985, 918,000 tons of munlulpal waste wasg collected by the

Ministry of Environment (MOE) and 580, 400 tonv of 1nduer1a1

and commercial waste was collected by private sectors,- giving
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an - approximate sum of 1.5 willion tons of waste collection

that vyear,
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Trend of annual waste generation 'is as shown in Fig.4.6-1

000 Tanaes _ N
O T T
L
1400 _____r.__L .l.,,lf,,,#.__f }ﬁ_v_. I_
N
' _|m1$‘ ;
1000
8O0

600

400

200

82 83 84 85
Collected by Ministry
of Enviromnment

Private Sectlor ' of Waste

Fig.4.6-1 Trend of annual Waste Generation

{(3) Brief Information of Facilities

Q.

Incineration Facilities

Currently :there are two incinération plants'=vo§erating in
Singapore. i.e. Ulu Pandan incineration plaﬁt which has a capacity
of 1,000 tonnes per day; and the other is the new | Tﬁéé
incinerétion plant which is capahle of inciﬁerating 2,760 tonns of .
waste per day.

Following  these  plants, construction plant for a third
incineration plant at Senoko is now proceeding. Aftef  compietion
of the Senoko plant, it is expected that ali waste genefated' in

Singapore will be incinerated perfectly,
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b,

Composting Facility

A mirqf.amount of the waste, (less than 4,0do'tones in 1985), was
- treatéd .in a composting plant which is situated in Tou Tak Road

. near Ulu Pandan district., It is said that the cépacity of the

plant is only based on a pilot scale,

Ménagement and operation is being done by private company

Transfer Station

.bue to the constraint on site évailability for an incineration

plant, to execute economical and effective transport of waste from

the eastern :part of the island to Tuas incineration 'plént, Kim

‘Chuan’ transfer station which has the'capacity of 1500 tonnes per

day, was built so as to meet the time of completion of that

‘incinerator.

Landfill Facilities

There are two landfill facilities; one is at Lorong Halus and the
other is at Lim Chu Kang. The quantity of waste includind
incinerated ash disposed off to these sites in 1985 were 604,500

tonnes and 363,800 tonnes, respectively.,

According to another source of information, further extension of

works at Lordng Halus fill was contracted and is now under way.

Leation of the above mentioned facilities are shown in Fig.4.6-2.
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. #® INGINERATION PLANT

® TRANSFER STATION
A DUMPING GROUND

=

Fig.4.6-2: Location of Incineration Plants, Transfer Station and

Landfil}l Sites.
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(4)

Quantity of waste and Treatment

- Amount of  waste collected and Ereated or disposed of are

approximately as stated below:~

Collected by Gov't = . 400t/d

1

o Land £ill —1 Collected by Private
Total amount of 1400 ©/a L Sector | 1000t /4
waste(collected); [ Collected by Gov't .2400£/d
4200 t/d ' Incineration —{ collected by Private

(5):

- 2800 t/d - Sector 400t/d

Organization ifor Waste treatment

'7Organization-who shares waste treatment responsibilities belongs to

" therMinistry of: Snvironment (MOE).

Technical'-matters related to waste :treatment are executed by the
Environmental . Engineering Division. - This - division has  three

departiients and one unit as listed below:~

~ Sewage Department
~ Drainage Department

~ Engineering Sérvices Department

t

Anti Pollution Unit

Particularly, the Engineering Services Department as shown abhove,

hasé the following responsibilities:

i- Plans and develops refuse dispbsal facilities.

'~ Operates the refuse incineration plant.

-—~Provide$_engineering'services for environmental and public

health projects.

;'Maintains}the‘MinistrY’s'fleet of vehicles,

'~ Calls tenders and processes the contracts.,
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4.6.2 Tncineration Plant
(1) Tuas Incineration Plant
FollQWan the constructlon of Ulu Pandan - incineration plant, Tuas

" incineration plant was completed in 1986. Informatlon regarding. the

incineration plant are summarlzed below:—'
a. General Outline

i. Design Capacity . - 2760 tons/day

ii. Average Throughput 2000 tons/day (365 days)'
iii, Owner ' Mlnlstry of Envxronment,

The Covernment of Slngapore
construction Schedule . M & E. contract Canluded Nov’ 83
Field constructlon started Sep 84
Plant ready for testlng_Ju} 86
‘Completion offworkrOct 86~:.
iv, Consultant : Fichthef Consulting  Engineerxs,

West Gerwmany

V. Plant Manufacturer Mitsubishi Heavy Industries, Ltd '
vi, Type of Contract - Turnkey.Baéi95.

vii. Total cost_ _ _ ' Approx 5% 220 Million
viii.Site.Area - Approx 6.4 ‘ha s

b. Refuse combustion

i. Type of system : MaSS—burning_@ith.water’wail boilers

ii, Operation _ : 24 hours per ‘day, 7 days per Weok

iii. Calorific value of ot 1720 2580 . 3440 - tu/1b
refuse - (Min), '-(Ave)--' (Méx) | .

iv. Process lines 5 % 552 tons per day

.

Va Plant daily capacity | : 2760 tons
vi, Average Throughput’

-

2000 tons per . .day (365 dayS).-'

vii. Eeed system Overhead refuse’’ cranes

viii.Grate design

Martin type ReverseHActlve Stoker Grate

i%. Waste volune reduction :.90 %
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“X. - Material Recovered : Ferrous materials -
¢. Air Pollution Control

i. Type of equipment : bry lime injection system with

Electrostatic Precipitator

ii. Dhst removal efficiency 99.75 %
iii, HCL removal efficiency 85 %
. iv. Height of stack 150 m tall

d. Energy Production
i, Type of energy ' Electric_poﬁef

ii., = Steam flow te turbine-: .115.2 tons per hour per unit

] (35 bar/390 C)
. iiii Blectric-power
generator cépacity 23 MW x 2
& surplus electricity is sold to
PUB (Public Utilities Board)
e. Control & Monitoting _
i .Type of control . Direct digital- control

£, Inciﬁexation Process

i . Process chart of the plant is as shown in Fig. 4.6-3
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Hunicipal Solid Waste
[

——
§
réulky wasté}
Crusﬁgr |
Refuse Pit e
Forced
| &ir Preheater —! Draught j=—(Air)
Fan'“
Wet ash = |« ™ Incinerator’ (Sunit) _
| extractor | L 2 Unit Turbo .
' Yaste Heart Boiler Fﬂ(Steam)—%b Generator (Electricity)
{(Flue Gas)
R | |
HG.Separator Reactor Air Condenser
oy 3 $" S
Ash Pit Electrostatic: Feed Water Tank [<-{(Make-up
Procipitator | ' Yater)

v . {Lime powder)
(Scrap Metal) '

IIndUced_Draughti
Fan !'

Ash Transation v

Stack
E

|
l
l
|

Y
Clean Flue Gas °

to the Atmosphere
Fig. 4.6-3 Process Chart of Tuas Incineration Plant
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g. Quality of Waste

i, An example of average waste composition is as shown below.

.Weight (%)
Garbage : 47.56
Textile Leather % _ 2.38
Paper: : ' E 22.99
Wood, Cardboard ' { 7.07
~ Plastic. N § 12.37
Metal-(Ferrous)'_ . ' i : 3.31
 Metal (Non Ferrous) - é 0.56
. Glass. . : E 3.12
Ceramic ‘ - 0.64
Others
Water Cbntenﬁ % ' ' 53.18
.;In—combustible % : ' 12.9¢6
Combustible & . - 33.86

{August 1985 Data)
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4.6,3

(1

Kim Chuan Refuse Transfer Station

Brief description of the plant'

According to the brochure published:by the _Engiheering_ Service
bepartment of DOE, outline of Kim Chuan Transfer | Station -is

introduced as follows:-

Kim Chuan Transfer Station (KCPS) is the - first refuse ' transfer
station built in Singapore. The station was built in 1986, on a

2.5 ha site at Kim Chuan Road.

bue to helght constralnts, the two 1n01neratlon plants have to bhe

_sited away from the eastern part od Slngapore,- Wlthout a: transfer_

tation, refuse collection vehicles ffom fhe eastern sector wOpld
have to travel con51derable dlstances to 01spose of: their loads -at
the Tuas In01neratlon Plant. ThlS would result in the need for more
refuse collectlon vehicles and -consequently “in¢rease in :fuel
consumption ard manpower to man the vehioles. ‘Consequently, KCTS

was constructed to overcome these problems.

The Tfanéfer Stétion is designed'to'hand]e.l.Séo Ebhnestof refuse a
day. Refuse collectlon vehicles dispose of their loads 1nto one; of
six compactlon units where the refuse is compacted and loaded 1nt0
20-tonne capaclty contalner trallers which transport 1t to the Tuas
Incineration Plant. Each contalner—traller is able to take the
load of 3 to 4 refuse collection vehicles,’thus saviﬁg manpower and

operation cost.
KCTS was built at a cost of about $30 million.

Schematic Diagram of Refuse Transfer Operation is as shown in Fig.

4.6-4.
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SCHEMATIC DIAGRAM.OF REFUSE TRANSFER OPERATION

Fig.4.6-4 SCHEMATIC DIAGRAM OF REFUSE TRANSFER OPERATION
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{2) Details on this Station Design

i. Cémplétion of Plant

ii. plant Cost - :

iii. Station Capacity

iv, Handling'Capaqity
during peak'hour'

Ve Peak refuse thicle
incoming rate .

vi. Refuse vehicle diédhérgé.
time

vii. Average time of vehicles -

‘in the station
{3) Major Equipment

a. Refuse Handling

- Sep. 1986

approx S% 30 million

1500 tons/day

286 toné/déy'

'70_Gehicles/hour

6 minutes

© 8 minutes

i. 2 weighbridges of 40 tonnes capacity

ii. 6 compaction units (500m3/each)

b. Transportation

i. 40 prime movers of 40 tonnes GCW

ii. 60 container-trailers of 20 tonnes éaylbad.

iii. 4 station prime movers
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{4)'List'of contractors

Name of contractor

Contract Sum{S§)

civil and Building Works Sembawang Const- 11,887,130
' ' ruction Pte Ltd.
Refuse’ Compaction and : Mitsubishi Corpo- 16,973,000
TtansferWEquipment é .ratiOn.
veighbridges : SAC (Pte) Ltd . 350,732
29,210,862

Total

“{5) Function and Operation of Plant

rRefuse <collection’ vehicles are first'weighed at the weighbridges
before  they are permitted to discharge the refuse into the hopper

of one of the compaction units.

A station prim¢ mover positions an empty container~trailer next to
the  compaction —unit: The container-trailer is then coupled and
locked onto the compaction unit by the operator in the control room

and the compactor then fills the container.

The wéight'of-fefuse is monitored by the operator. When a load of
20 tcnnes is reached, the contailer is uncoupléd from compactor.

High preSSure'wafer jJets flush the tailgate of -the container to get
:rid ‘of ‘possible femnants of refuse outside the container. The

flush water is discharged into the sewer.’

A ‘station . prime mover moves the loaded container-trailer to the
‘parking yard. Subsequently, a prime mover tows the container-

trailer to Tuas Incineration Plant.
Air -from the reception hall ‘and compaction area is extracted and

" passed through bag filters and an activated carbon columnto remove

dust éﬁd adour.
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an automated vehicle washing system has been installed_to_wash' the

vehicles., To reduce consumption of water, the wash water is

recycled and rain water is used.
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5. Bitimation of Future Conditions
~5,X Priority Operational Area
(1) Definitions of-Prioriﬁy Operational Area

priority Operational Areas is difired as the areas to be provided cleansing

service ‘at the target year 2005.

.It is not practlcal to prov1de the same level of services to households
which are 1solated and remote from an agglomoratlon of a town con51der1ng
11m1ted amount of . resources and time, although the Operatlonal area of

: Penang State covers the entire area of the state. The Prlor1ty Operatlonal
Area should cover urban area 1 towns and v1llage whlch have hlgh gopulatlon
den31ty. It is also acceptable in the low populat;on density area that
feSidenﬁs_dispose of their waste themoelves according to the manner guided

by-%he~ﬁunicipaiityi
(2) The Priority Operational Area in MPPP

" In MPPP 55% of the land is 30 meters above sea level and at the same time
the’slbpe*is”sﬁeepef_than 5%. - Most of the agqlomerations of population are
_ih'ohe-fiat land along the coast of east and north of the island. In the
‘west. 'there are towns of Sungai Pinanag, Balik_Pulau,-Pekén Genting, Pulau -

" Butung, Kg. Bakar Kapur, Teruk Kumba and Gertak Sanggul.™

Populatlon of these agglomerat1ons covers more the 93% of the total
populatlon of MPPP ‘in 1985, © and are provided cleansing serv1ce at present.
In futufe it is assumed to cover more than 97% of the total population of
MP?P} Therefore, these area are the Priority Operat10na1 Area of MPPP for

-the solld waste management.
(3) The ‘Priority Operational Area in MPSP

InSouth district there are towns and agglomerations of Nibong Tebal, Sungai

' Bakap, Permatgng'Tok Mahat, Sungai Kecil, Tasek, Kampung Hesar, Changkat and
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Bukit Tambun. The population is 11,239 in these towns and- 29, 369 in the
surrounding areas. 48% of the total population of South district is thhln
the agglomeration areas. The populatlon density of the agglomeratlon areas

is 24 persons/ha, while 2 persons/ha in the rest of the district.

As a whole, the population within'the agglomeratibn'areas'in MPSP is

357 ‘236, which is 70% of the total population of MPSP. 'This agglomeration
area is regarded as the priority operational: area. Population density
within the priority operation area is 28 persons/ha,‘while 2.5 persons/ha in

the rest of MPSP.

It is assumed thatfthe_tendency_of'organiéation with population concent-
ration towards built-up areas will continue in future as it is now in Penang
state. Accordingly, the population concentration in the priority operation

area, which is 70% in 1985, is assumed to be 85% in 2005 for this Study.

Fig. 4.1-1 shows the area of priority operational area. Table 4.1.4 shows

the population composition within this area.

Municipality of Seberang Perai is approxlmately 51 km long in north south
direction and approximately 18 km wide in east west_dlrectlon. The area of
municipality is as wide as 738 km2. North east arﬁérial road runs through
the middle of the municipality li#e a spine. Along this arterial road the
agglomerations of population'are scattered. In MPSP there are 32 tuwns_and
surrounding agglomeratlons of populatlon.- prdqraphy of MPSP is.fla;.except
a hilly area of Buklt Mertajam., The mun1c1pa11ty is lelded 1nto

. approximately equal size of three dlstrlcts. i.e, North dlStFJCt (262 km2),
Central district (235 km2) and South dlStrlCtS {241 kmz)

In Horth Qistrict there are toﬁns_and.agglomerations of Butterworth, Kepala
Batas, Tasek Gelugoi, Sungai Dua,  Penang and Kuafa Muda. . thq.fopulatiqn“is
95,930 in these towns and 54,000 in the surrounding:areas in 1985; This
means 64% of total population density of the agglomeration .areas is 33

persons/ha, while 4 persons/ha in the rest of the district.
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In Central district there are towns and agglomerations of Bukit Mertajam,
?érai, Permatang Tinggi, Juru, Permatang Pauh, Machang Semang, Sungai Lembu.
3ukit Tengah and Kebang Semang. The population is 60,760 in these towns,
and 105,938 in thg surroundiﬂg areas in 1985, This means 84%.of.total
popvlatién of Central diStrictIis concentrated within the agglomeration
areas. The population density of the agglomeration areas is 26 persons/ha,’

while 1.5 persons/ha in the rest of the district.
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5.2 Population Projection
(1) General

Population projection of Malaysia:in-zooo is 22,428,000 according to the
Central Office of Statlstlcs, While populat1on projection of Penlnsula
Malaysia is 18,116,700, Annual populatlon growth rate of Malay51a is 2,45%
between 1980 and 2000, whereas Peninsula Malaysxa-ls 2,31%, Accordzng to
the draft Structure Plan of MPPP and.MPSP the projected population in 2000
is 667,000 and 691,900 respectively, which makes Penang State population in
2000 1,359,300, |

This annual average growth rate of'Penang'State is 1.78%, which is much
lower than the national average growth rate, Ih_fact'the annual growth rate

between 1980 and 1985 is even lower with 1.61% in MPPP and 2.2% in MPSP.

Georgetown, the largest agglomeration in Penang State, has been 1osiﬁg its
population since 1870. In 1970 it was 267,924, whereas 256,700 in 1985,
Therefore, the state of Penang has quite different characteristic compared

with other states in Malaysia.
{2) MPPP

The Population projection of the municipalities and districts of MPPP have
been made by the Structure Plan Unit. 1In MPPP the projection was made till

2000 according to 35 planning zones.

The population projection of MPPP for 2005 wés 718,000 which ﬁas projected
by applying the average annual gfowth rate_betﬁeen 1980 and 2000. This
718,000 was divided into Georgetown and the rest of‘MPPP'according:to-the
proportion of figures obtained by applying the average annual grbwfh rate of
Georgetown and the rest of MPPP between 1980 and 2000. The result is |
287,900 for Geor@etown and 430,100 for-the fést in'éods. These flgures were
distributed to each planning zone b331ca11y by the proportion of the
populatlon of year 2000 with considering the growth rate of each plannlng

zone. Table 5.2-1 shows the projected population in MPPP by planning zone.
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Table 5.2-1 Population Projection by Planning Zone in MPPP

PLANNING ZONE 1980 1985 - 1987 1990 1945 2000 2005
1 - 40,568 40,600 40,600 40,600 40,600 40,600 . 40,600
2 16,686 16,700 16,700 16,700 - 16,700 16,700 16,700
3 47,034 49,400 51,300 52,000 53,600 54,800 56,500
4 34,311 33,600 33,200 33,300 35,700 38,400 39,100
5 19,219 18,000 17,000 16,600 18,900 21,500 21,700
6 36,501 35,000 34,100 33,700 37,300 40,900 ° 41,600
7 13,975 14,000 14,000 14,000 14,000 14,000 14,000
3 15,018 14,700 14,600 14,500 15,400 16,300 16,500

9 12,306 = 12,200 12,100 12,100 12,700 13,200 13,300

10 _ 2,399 2,400 2,400 2,400 2,400 2,400 2,400

11 . ' 8,656 7,300 6,400 6,100 8,500 . 11,800 12.600

120 . -+ 12,827 12,800 12,900 12,900 © 12,900 12,900 12,900
Total for _ L . : _

Georgetown 260,200 256,700 255,300 254,600 268,700 283,500 287,900

13 : 38,059 39,774 38,700 37,900 38,900 39,400 39,700

14 - - 15,182 16,713 16,500 ° 16,300 17,000 17,400 17,600

15 © -0 11,492 13,223 13,300 13,300 14,400 - 15,300 16,400

16 ' ©10,754 12,059 - 12,000 . 12,000 12,600 13,100 13,200

17 : 4,322 5,077 5,200 5,200 10,200 19,600 25,800

18 - 738 2,010 3,700 4,700 7,000 10,100 14,900

19 1,898 1,904 1,800. 1,800 1,800 1,800 1,800

20 ' 23,299 31,100 35,200 36,600 41,500 46,300 49,400

21 4,534 5,395 5,600 5,700 7,000 - 8,500 9,200

22 ' 2,846 3,385 3,500 3,500 4,100 4,700 4,900

23 9,489 19,569 25,200 27,700 34,100 41,200 53,400

24 23,510 24,435 24,000 23,500 24,600 25,400 25,800

L 25 o 7,485 8,145 8,000 7,800 8,000 8,100 8,100

26 1,265 1,269 1,200 1,200 1,200 1,200 1,200

27 © 20,664 22,531 22,000 21,600 23,400 24,800 25,100

28 7,696 18,406 ° 31,300 38,800 41,800 44,200 61,400

29 12,335 13,752 13,700 13,600 15,500 17,300 17,500

‘30 2,213 2,221 2,200 2,100 2,100 2,100 2,100

31 _ 11,596 12,271 12,100 11,900 13,300 14,700 14,900

32 4,639 4,760 4,600 4,500 4,500 4,500 4,500

33 4,322 4,654 4,600 4,600 4,600 4,600 4,600

34 12,862 13,223 12,800 12,500 12,500 12,500 12,500

35 6,747 6,982 6,800 6,600 6,900 7,100 7.100

Total for Rest of 237,948 282,858 304,000 313,400 347,000 .383,900 430,100
MPPP : :

Total for MPPP 498,184 539,558 559,300 568,000' 615,700 667,400 718,000

Source:_Stfucture PlaﬁlUnit,'M and Dept. of Statistics, Penang State
Year 2005 projection by Study Team
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{3) MPSP

The populatlon pro;ectlon of the munlclpallty and dlstrlcts of MPSP have.
.been made by the Structure Plan Unit till 2005. In MPSP the prOJECtlon has
been made according to 32 selected towns and cities till . 2005 also.

However, this representq the populatxon w1th1n ‘the gazetted t0wn Timits .
only. . In fact development took place beyond the gazettad town. limit of
l'thesé selected towns. Therefore,iln the Study for the use of prOJectlng the
waste amount, the populatlon has been pro;ected accordlng to Mukimus. This

pro;ectlon was made consxdexlng the followlngs'.

Projected pbpulatidné'of each District in the draft Report of Survey

Projected popuiatidns'of selected towns and cities which wéré'statéd=in

the draft Report of Survey _ | |

Dagree of urban development outside the gazetted town limits, ‘which is

obtained through ﬁhe_disduséion‘with the Structure Plan Unit
.'Popﬁlation'growthirate of éadh Mukimu

The population projection of MPSP for 2005 is 754,100.

Table 5.2-2 shows the projectéd’popﬁlatioﬁ-in MPSP by'Mukim.

Fig. 5.2-1 shows the population growth of MPPP and MPSP
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o Table 5.2~2.?qulation Projéction'by Mukimu in M?Sé

MUKIMU © 1978 1980 1935 1987 19299 14995 2090 2005
HORTH . : '

DISTRICT : . )

c 1 5,317 6,293 6,600 7,000 7,600 8,700 9,800 11,100

2 .5176 5.9 6,100 6,300 6,700 1,500 - 8,200 8,900

3 6,525 8,238 8,500 8,900 - 9,600 30,600 11,800 13,100

4 4,991 5,032 6,409 &.800 7,500 8.8G0 10,100 11,70¢

5 . 6,104 7,029 7,200 7,500 8,100 - 9,200 10,200 11,400

6 10,807 13,522 14,000 14,700 © 15,800 17,700 - 19,700 21,800

7 8,458 12,012 13,000 13,800 15,200 17,400 20,000 22,700

8 | 6.384 1,672 7,806 8,100 8,700 9.700 10,800 12,800

9 7,232 11,491 13100 14,300 16,200 19,900 24,100  2§,600

10 3,245 3.916° 4,100 4,300 '_ 4,700 . 5,300 6,000 6,800

11 §,738 8,356 8,500 8,800 9,400 10,200 11,200 12,100

1z 13,442 16,085 16,200 16,860 17,800 19,400 21,200 22,800

13 4,129 4,704 4,990 5,200 5,800 6,600 7,900 9,100

147 39,771 57,195 62,000 63,800 66,000 59,800 72,900 - 74,506

(15 - 29,841 35,472 50,000 52,000 54,900 59,700 64,500 63,000

. 16 3,364 4,860 5,482 6,000 . 6,800 8,500 10,400 12,800
Wayfarers : : . .

Total North 161,524 210,310 233,882 244,300 260,800 289,800 318,800 347,400

.CENTRAL 1970 1980 1985 1987 1980 1995 20090 2005
‘DISTRIGT ' , : ' ‘ :
oL 3,330 20,238 39,000 41,000 44,000 49,300 54,600 59,600
1A 7,680 © 9,303 _ P ' S
2 3,913 4,567 ‘4,700 4,800 5,000 5,200 . 5,400 5,300
3 3,402 4,354 4,400 . 4,500 4,700 4,900 $,100 5,200
4 5,873 7,605 8,900 9,300 9,900 11,000 12,000 12,900
5 2,838 3,529 713,600 3,700 3,800 4,100 4,300 4,400
6 4,009 6,126 6,300 6,500 | 6,800 7.300 7.800- 8,100
7 1,601 (2,211 2,300 2,400 2,600 3,000 . : 3,300 3,700
8 10,201 11,614 12,000 12,460 13,100 14,300 15,400 16,300
9 9,206 11,954 12,600 13,000 & 13,700 14,300 15,800 - . 16,600

10 19,601 24,598 26.400 27,600 ° 29.400 32,600 35,600 38,300
11 5,108 9,054 - 10,900 . 11,800 13,300 16,200 19,500 23,000

12 2,789 3,358 3,460 3,500 3,700 4,600 2,300 4,600
13 ‘2,684 ‘3,508 5,200 5,800 6,900 9,000 12,000 - 15,500
14 . 6,191.. 7,939 8,000 - . 8,200 - 8,600 9,100 9,600 9,900
35 9,616 16,532 18,000 16,760 19,700 21,500 23,100 24,500
16 . 5,577 6,645 6,800 7,000 7.300 7.700 8,100 8,400
17 1,170 2,502 3,000 3,300 3,760 4,500 5,500 6,600
18 1,415 - 1,750 1,820 1,900 2,100 2,300 2.600 2,900
19 - 2,205 2,486 2,500 2,600 2,800 3,200 3,500 3,800
20 6,396 8,581 8,600 8,800 9,000 9.400 9,700 9,900
o210 2,391 2,911 3,000 3,100 - 3,200 3,500 3,700 3,800
Total 117,477 173,357 191.420 199,900 213,300 236,300 250,900 283,500
SOUTH ) -1970 1380 1883 1987 1990 1995 - 2009 2008
DISTRICT =
1 2,071 2,492 2,600 2,700 2,800 3,000 3,200 - 3,400
2 1,132 1,224 1,300 1,300 1,400 1,500 1,600 1,700
3 445 534 600 600 700 300 L1000 1,300
4 4,413 3,903 4,000 4,100 4,200 4,700 5,200 5,700
5 3,652 4,895 5,600 5,800 6,100 6,800 . 7,600 8,300
6 628 - 579 572 600 600 700 800 909
7 3,801 5,009 6,600 7.000 7,700 9,700 12,200 14,700
8 2,550 2,594 2,700 2,800 2,900 3,200 3,500 3,800 -
9 5,903 7,426 9,250 9,700 10,500 12,000 13,700 15,200
10. 7,507 8,494 8,700 8,800 ° 8,900 - 9,200 9,500 9,700
11 18,331 19,303 20,800 21,100 21,800 22,900 23,900 24,700
12 2,262 3,119 3,800 4,000 4,300 5,200 5,400 7,800
13 1,554 1,840 2,000 : 2,100 2,200 2,400 2,600 2,800
14 4,641 5,606 6,100 6,300 6.500 i.200 8,100 9,100
15 5,980 8,416 g,600 10,000 10,500 11,600 12,300 13,300
o 16 956 204 200 . 260 200 200 200 200
Wayfaraers : )
‘Total - 63,626 . 75,766 84,422 87,100 91,300 101,200 112,400 123,200
MESP :

Total 342,625 457,434 509,724 533,300 565,400 627,100 691,900 754,100
¥.B. 1970 and 1980 Efqm Malaysia population census

Projacted population of Districts are from Technical Report
Distribution to Mukims by Study Team (1985-2005)
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5.3 BEstimation of ‘Future Solid Waste Amount

5.3.1 Present So0lid Waste Amount

(1) MPPR

The ﬁaste_cbliéction service of MFPP covers more than 95% of population.

410 t/d of 'solid is disposed of at Bakau disposal site.

the'per capita waste generation rates in MPPP in 1987.

Table 5.3-1 shows'

Table 5. 3 1 Amount of Solld Waste Collected and Per Caplta
_ Generatlon Rates in MPPP (1987)

GEORGE TOWN AREA

RURAL AREA
WASTE . PER
COLLECTED CAPITA

- WASTE. PER
_ COLLECTED CAPITA
(von). {Kg)
Domegﬁic_waste:_ o ;'158.é © 062
Commercial Waste* - 404 - 0.16
Factory Waste -~ . = 7.4 0.03
Others: - - = = 11.9 0.05
Total . . - 218.6 - 0.86
Service Ratio ‘ 100%

Population Served 255,300

{ton) (Kg)

124.9 . 0.46
36.8  -0.13
17.3 0.06
12,8~ 0.05

191.8 0.70

©90%
273,600%#

TOTAL
WASTE = PER

"COLLECTED CAPITA

(ton) (kg)

283.8  0.53
77.2 . 0.15
24.7 0.05
24,7 ° 0.05
410.0 0.78
© 95%
528,900

* Waste amount coilected thrdugh Bulk-bin and Multi lift systems are

assumed as commerc1a1 waste,

** 273,600 of the rural population served is 90% of the total rural

populatlon, 304,000,

The generation rates are 0.86 Kg/capitasday in George Town and

O.TO_Kg/éapita/day in rural area.

The' rural of SOlld waste generated in MPPP is estimated at 432 t/d based on

the above generatlon rates in 1987 as shown in Table 5.3-2.

_The:ﬁotal'améunt of ‘domestic waste and commer

of which 361 t is collected.
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Table 5,3-2 Estimated Waste Generation: Amount in MPPP (1987)

Domestic Waste
Commercial Waste
Factory Waste
Others '
Total

{2) MPPP

GEORGE,_ TQWN AREA

(TON)

158

a1

8

13
220

(%) -

(72.1)
{18.6)
{3.5)

(5.8)

(TON) (%)
1406 - (65.7)
40 - (18.6).
18 .. (8,6)
15 '(7.1)
213

__RURAL AREA _

(PER DAY)
____TOTAL
(TON) (%)
208 (69.8)
80 - .{18.5)
26 {(6.0)
28 (6.5)
432

196.2 t/d of solid waste is brought into Permatang:Pauh dispbsal:$ite'at

which solid waste colieétéﬂ at North and Central districts is disposed of.

The population of MPSP is séattered'in latge*area..;ihe cdllection-Sérvice

in MPSP is presumed-to be provided for only 60% of;ﬁhé;totélrpopuiation

since the collection service in some served areas is not sufficient. - The

per capita generation rates are assumed to be same as'tho$e fouﬁd in the

rural area in MPPP because it is difficult to estimate Qenération rates

based on data of MPSP which has large area served insufficiently.

The amount of $o0lid waste generated in MPSP is estimated at 370 t/day'as

shown in Table 5.3-3.

316 —



pomestic
Waste

Commércial
HWaste

Factory
Waste
Others
Total
Per'Capita
Generation

Rate (Kg}

Population

_NORTH

CENTRAL

SOUTH

~Table 5.3-3 s0lid Waste Geneération in MPSP (1987)

(PER DAY)

PER CAPITA

531,300

TOTAL GENERATION
112 (65.0) 92 (63.7) 40.0 (73.4) 244 (65.7) 0.46
29 (16.9) 23 (16.2) 6  (10.6) 58 (15.7) 0.11
19 (11.) 19 (13.2) 4 (7.9) 42 (11.4) 0.08
12 (7.1) 10 (6.9) - 4 - (8.1) 26 (7.2) 0.05
172 144 54 370 0.70
0.71 0.72 0.63 0.70°
244,300 199,900 87,100

Total amount of domestic and commercial waste generated in Horth and Central

Districts is 256 t/d of which 155.7 t/d is collected.
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5,3.2 Method and Condition of Estimation on the Future Solid Waste_ﬁmount

{1} Estimation Method

The future solid waste amount is estimated according to thé-précess shown in

Fig. 5.3-1.

S et et It
| Present Solid Waste Amount ! { Present Population |

Love e e T 4 uan"m~-__:[ey ------

 Yearly Increase
; of Generation Rate

Future Generation Future
Rate. " Population

1;m;mmkv‘ ”va;g_fm“h“

S01id Waste Amount
in Future

Fig. 5.3-1 Estimation Process of Future 801id Waste Amount
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(2) Future Per Capita Generation Rates

Per. capita generation rates increase with a rise in the living standard and
an :increase in commercial activities. The study of changes in composition
of domestic waste shows that the increase of solid waste is mainly due to an

in¢redse of papér énd'plastic used as package materials.
The incréase rate of 2% will be used for the estimation of the future solid
waste .amount. The per capita generatibn rates are estimated as shown in

Table 5.3-4.

'Tdﬁle 5.3-4 Estimatéd Fﬁtufe Per Capita solid Waste Generation Rates

(kg/capita/day)
1987 1890 1995 2000 - 2005
"~ MPPP  City - 0.86 0.91 1.01 1.11 1.23
Rural’ 0,70 0,74 0.82 0.90  : 1.00
Total 0.78 0.83 0.91 1.01 1.11
MPSP North 0.71 0.75 0.83 0.92 1.01
Central 0.72 0.76 . 0.84 0.93 1.03
South 0.63 0.67 0.74 0.81 0.90

Total 0.70 0.74 0.82 0.90 1.00
{3} Future Population

Future population is assumed to be the one projected in Sectiom 5.2,
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5.3.3 Future 50lid Waste Amount

Based on the above conditiﬁns; future sqlid waste amount in thefstudy“area
is estimated as shown in Tables 5.3-5 and'Tables-5;346.‘ $h§'tota1 solid -
‘waste amount in MPPP and MPSP will be 1,538 t/d in 2005 which is 1.9 times

as large as the present amount.

Table 5.3-5 Future Solid Waste Generation Amount in MPPP and MPSP

(t/a)
1987 1990 1995 2000 2005
MPPP City 210 232 271 315 354
" Rural - 213 232 285 345 430
Sub Total 432 464 556 660 . 784
MPSP North 173 . 196 . - 240 293 351
Central 145 162 . 199 243 262
~ South : 54 61 75 91 © 111
" Sub Total L3tz 419 514 627 754
Total 804 883 1,070 1,287 1,538
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-Table 5.3-6 Future Solid Waste Amount by Type of $61id Waste

MPPP_CITY
Domestic
Commercial
Factory
Others
Total

MPPP RURAL

Domestic
Commercial
Factory
Others
Total
MPPP
Domestic
Commercial
Factory
Others
Total

MPSP NORTH

Domestic
Commercial
Factory
Others-
Total

MPSP CENTRAL

‘Domestic
Commercial
Factory .
Others
Total

MPSP SOUTH

Domestie o -

Commercial
" Factory
OCthers -

© Total

©188.3 . 167.1 195,7
 40.8 43.1 50.5
ST 8.1 9.5
12,7 13.4 15,7
219.6 231.7 271.4
1987 1990 1995
1139.7 152.4 186.9
39.6° 43.1 52.9
18.3 19.9 24.5

o 15,1 16.5 20.2°
212.7 - 231,90 284.5
1987 1990 1995
298.1 319.4 382.6

80.4 86.2 1103.4 -
26.0 28,1 '34.0
27.8 29.9 35.9
432.3  463.6 555.9
1987 1399 1995
112.4 127.1 155.9
29.2 33.1 40.5
19.0 21.5 26.4
12.3 13.9 17.0
172.9 195,6 239.9
1987 199¢ 19985
92.0 103.3 126.8
23.4 26.3 32.2
19.1 21.4 26.3
10.0 11,2 13.7
144.5 162.1 199.0
1987 1990 1995
40,0 44.9 55.0
5.8 6.5 7.9
4.3 4.8 5.9

: 4.4 5.0 6.1
54.5 61.2 74.9
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226.9

- 58.5
11,0 -

18.3

'314.7

B2
=
e

226.8
64.2
29.7

345.2

i54.5
39.3
32.0
16.7
242.6

2005

255.3.

65,90
iz2.4
-20.5
354.1

228.1
59.3
38.6
24,9

' 350.9

186.0
47.3
38.5
26.1

202.0

COMPOSITION
__IN 2005

0.721
0.186
0.035
0.058
1.000

0.657
0.186
0.086
0.071
1.000

0.686
0.186 -
0.063
0.065
1.000

0.650
0.169
0.110
0.071
1.000

0,637
0.162
0.132
0.069
1.000

0.734
6.106
0,079
0.081
1,000
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MPSE

Domaestic
Commercial
Factory
Others
Total

MP?PfMPSP

Domestic
Commercial
Factory
Others
Total

244.4
58.4
42.4
26.7

371.9

1987

542.5
138.8

68.4

54.5
804.2

1990 -

275.3

65.8
47.7

30,0

418.9

1990

504,7

152.0
75.8
59,9

882.5

337.7
80.7
" 58.6
"36.8

513.8

1995

720.3
184.1

- 92.5

72.8

1069.7 -

412.0

© 1.6

44.9
626.9

© 865.7
221.3

112,2
87.7

1286.8

2005

495.5

118.4
~85.9
54.0

- 753.8
2005

1033.4

264.2

135.3°

105.1

1538.0

0.657

L 04157
0,114
0,072
1,000

0.672

0.172

0.088
0.068
1.000

The total of domestic and 66mmerciai waste to- be'generatéd in 2005 wiil'be.

684 t/d in MPPP and 614 t/d 1n MPSP which are 19.8 times and 3. 4 tlmes as

large as the amounts collected in MPPP and MPSP respectlvely at present.
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5.4 Estimation of Future $0lid Waste Composition
5.4.1 Present Solid Waste Composition

The Result of solid waste analyses conducted in Feb. 1987 is shown in
Table 5.4-1.

(9 samples for each municipality).

- Table shows the average of domestié waste and commercial waste

Table 5.4-1 Composition.of'Solid Waste in MPPP and MPSP

DOMESTIC WASTE

COMMERCIAL WASTE

WET DRY WET DRY.
Composition (%) . _ . :

' Paper 25,2 26.1 36.3 35.6

' Textile 2.1 3.0 1.7 1.7

- Plastic’ 11.2 13.2 10.8 12.2

‘Rubber 1.0 2.1 ‘0.9 1.2

Wood 17.3 15.1 7.4 4.5

Garbage " - 30,6 2407 29.5 26.4

Metal 3.1 4.6 3.3° 8.8

Glass 1.1 3.3 1.6 3.6

Stone 0.3 0.6 1.2 0.3

Others 8.1 7.4 7.3 5.7

Total 100.0 100.0 100.0 100.0
Denalty (Kg/m3) e . : 182 172
Moisture Content (%) : : 52.4 ' - - 48,2
Ash Content. 7 {%) : : 9.5 ©13.89
Organic Content-- {%) ' 38.1 - 37.9
Het Calorific Value (Kcal/Kg) 1,300 1,400

From the above data, 501id:ﬁaSte of MPPP and MPSP may be characterized as

folioﬁSé

e”xProportlon of plastlc is as hlgh as that found in developed country
- .Proportlon of metal and glass whlch inciude reusable materials is low
(less than 5%) . _ ‘
_:—: Densxry is very low, moisture content is not high, and net calorific

value is hlgh enough for self burning.
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5.4.2 Future Sclid Waste Composition

With the rise of the living standard; proportioné of paper, plastic-and
non-combustible will increase, while those of wood and garbage will
decrease. As a result of these changes, density. and moisture content will

decrease,

The solid waste composition in future is estimated based on the following

conditions.

- Rate of increase of paper and plastic 1% per'yéar
- Rate'of.incfeaSe of non-combustibles 3% per year

-. Rate of decrease of wood and garbage -~ 1% per year
The result of the estimation is summarized in Table 5.,4-2.

Table 5.4~2 Composition of Future Solid Waste :

DOMESTIC WASTE 1987 1990 1995 20600 2005
Composition(%) . - - o -
Paper . 25.2 26.0 27.2 28.5 29.8
Textile 2.1 2.1 2.1 2.1 2.1
Plastic 11.2 11.5 12.1 12,7 13.2
Rubbex C1.0 1.0 1.0 1.0 1.0
Wood 17.3 16.8 15.9 18,1 ;34.0 -
Garbage 30.6 29.7 28,2 26,6 25.1
Metal 3.1 3.4 3.9 4.4 4,8
Glass 1.1 1.2 1.4 1.5 1.7
Stone 0.3 0.3 0.3 0.3 0.4
Others 8.1 8.0 7.9 7.8 7.7
Total 100.0  100.0 . 100.0 100.0 ...100,0
Density (Kgs/m3) 180 180 180 1180 180
Moisture Content (%) 52.4 52.1 51.5 50.9 50.3
Ash Content {%) 10.7 11.0 11.6 12,1 12.7

Organic Contents (%) . 36.9 . 36.9 36.9  37.0 ~ 37.0

Net Calorific
Value {(Kcal/Xg)
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- COMMERCTIAL WASTE 1987 1990 - 1993 2000 2008
Composition(%)

. Paper 36.3 37.4 39.2 41.0 - 42.8

Textile 1.1 1.7 1.7 1.7 1.7

Plastic 10.8 11.1 11.7 12.2 12,7

- Rubber 0.9 0.9 0.9 0.9 0.9

Wood 7.4 7.2 6.8 6.5 6.1

Garbage 29,5 28,6 27.1°  25.6 24,2

Metal 3.3 3.6 4.2 4.1 5.2

Glass 1.6 1.7 1.9 2,2 2.4

Stone 1.2 1.3 1.5 1.6 1.8

Others 7.3 6.5 . 5.0 - 3.6 2.2

Total 100.0  100.0  100.0 100.0  100.0

Density (Kg/m3) . .. 170 - 170 170 . 170 170

Moisture Content (%) 48,2 47.8 47.0 46.4 45.7

Ash Content . (%) 12.0 12.3 12.9  13.4 14.0

Organie Content (%) 39.8 39,9 40.1 40,2 40.3

Mt Calorific
value (Kcal/Kg)

Note;' 1) The. future desities are assumed ta be the same as the present one,
' ‘although solid waste density, .in general, has a tendency of
decreasing vear by year. The reason for having made this assumption

is that the present figures seem to underrepresent the real

“densities.

2) The future calolific values are also assumed to be the same as the
preseng dne_because the expécteﬁ future increase in ash content will
cause the calolific value to decrease, while the expécted future
decrease in moisture content will cause the calolific Qalue to

increase.
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