| Table 6.5-8 Average Vaste Composition (Penang State) -

Type of'Sample Fet :Dry
Type of Waste Domestic Commerbiai Average Domestic Commercial | Average
Apparent'Spec1f1c O.lS | 0.19 0,19 _ - _
Gravity ' ' :
Paper 25.4 30.3 21.8 | 25.7 30.2 28.0
Textile 4.2 2.6 3.4 | 5.4 | 31 | 43
¢ : . L L '
) Plastic 11.3 8.2 -10.2 13.4 12,1 12.7
S . :
o Rubber, Leather 1.5 '0,5:__ 1.0 4.4 _-O,Ga_ _ -2.5
. Wood, Bamboo © 13,3 114 12.2 | 11,7 - 8.4 10.0
I E e |
c Garbage 28.2 28.0 286 | 21.1 25.9 23.3
A |
T Hetal 3.5 2.9 3.2 5.1 5.8 5.5
0 Glass 2.9 2.9 2.9 4.9 4.6 - 4,7
N _ '
Stone,. Ceramic 0.5 1.6 1.1 0,4 3.3 1.9
'S o . ‘
Others 9.2 - g.9 9.6 7.9 6.3 7.1
Total 100.0 100.0° | 100.0 | 100.0 100.0 1000
Moisture (%) 50.4 51.8 51,0 |~ ~ ~
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Table 6.,5-10 Forecast of Future Physical Average Composition
.Solid Waste. ' . oo

6f Penang '

“Year

Physical comppsifion _ o
(vt§ ‘on wet basis) 1990° 1995 2000 2005
1. Combustibles 87.6 87.7 87.4 87.4
Paper 28.4 30.8 | 322 33.7
Textile 3.2 3.2 3.2 3.2
. | Garbage 30.9 ' 29.4 27.17 26.72
| Wood 1.5 | 1Lk 105 9.9
Plastics 11.8 12,4 13.0 '13.8
Rubber & Leather 0.8 0.8 0.8 0.8
2. Incombustibles _5.2 ' ' 5;9 6.7 7.3
Metals 3.3 3.7 4.2 4.6
Glass 1.3 1.5 1.7 1.8
Stones, ceramics | 0.6 0.7 0.8 0.9
3. Miscellaneous 7.2 6.4 9.8 ..513"
4. Total 100.0 100.0 | 100.0 - | 100.0°
Moisture content (wt§) 53.9 53.2 52;5 51.3_
Bulk density 0.18 0.17 0.17 0.17

Estimated by the Study Team.
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.- Table 6,5-11 Forecast of Physical Composition of Solid Waste

{Bangkok)
Physical goﬁposition Yeaf
" (vt% on'vet basis) | 1890 1995 2000
1. Combustibles 841 84.0 83.9
| Paper . o 20.8 71.5 22.1
| Textile 4.2 4.3 4.4
Garbage 28.3 28.0 27.86
|| Grass and vood 20.7 19.9 19.4
'_ Plaétics o 8.7 8.0 8,2
| Rubber & Leather | 1.4 1.3 1.2
2. Incombustibles 9.9 10.0 10.0
Ferrous metal 2.1 ' 2;1 2.2
_Noh—fefrous_metal 0.1 : 0.1 0.1
Glass ' 2.5 2.6 2.6
: -Stbnes,'ceramics : 2.1 2.1 2.0
Bones, Shells & 3.0 3.0 3.0
Crusts ...
| Dry cells 0.1 0.1 0.1
-: '3; Hiscellaneous : 6.0 6.0 6.1
{8 P 100.0 100.0 100.0
Hoisture content (utf) 56.0 55,7 554
BﬁlkidenSitj' o 0;28 0.28 i 0.28
(in reception pit)

Séﬁrce.i Banghkok Solid Waste Management Study.
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{6) Composting-EXperience in Other Countries
a. Cost.of production

The total estlmated amount of garbage collected in the state of Penang 1e est1~
mated about 550 tons per day in 1987. Supp051ng if all these uastes uere to be
brought in for conpostlng treatment, it is estlmated that about 165 tons of

compost could be produced daily (based on 30% of 1ncomlng garbage belng treated

and converted'to_cdmpost).

.Based on the Thailand and Eyébt exgériencé,.the cést of pfdddcfio;l(ingiﬁdiég 
depreciétion of compost plant) is $i40/§on and $128/t6ﬁ'respectively; Dhe to ﬁﬁe.
many similarities'of_thé solid vaste (refer to Tablesiﬁ;S—K)and_ll), envifQﬁmental
and geographical parémeters exhibited, it.is predidtéd simiia; compost'méy ge_
.aerived and that the cost of produétion of compost in ?ehaﬁé Staté'ﬁéuldfbe-about

$140/ton, i.e. typical as those in Thailand.

Although at the qualities of compost may be éimilar, these qualities in terms of
N-P-K values from Thailand compost shall mot be eipécted t0=exdeed'tﬁésé-cdmposed

"in barnyard manure consumed locally. Refer to Table 6.5-12.

E Tablg 6.5-12 Comparison of Nutrient Contents in Composti

Muriicipal Compost ' Nanure Compost

W 0 B0 | M IR0, K0

Japan  * 1.57 6.6 3.09 | 3.64 . 6.7 2,99

Thailand +» | 0.8 1.04 ~ 1.06 | 1.0 -~ ‘1.8 0.8
Penang . +++ | NA TS VO T 7% SRS OF RSt WY (O
+ Source | . Tokyo (Ebaré Corporation) .

s+ Bangkok Solid Waste Managemeht Study

% Staté Agriculture Department
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'b. Sale price of compast .

In many countries such as India, Egypt, Japan, Thailand and others, the sale price
of céépbst_are subsidized by their authorities. For comparison studies, Thailand is

taken as the example because of its close regional similarities to the study area.

The éogt bf maﬁufacfﬂring'coﬁposf in'éulk form in Thailand is ébout M$140-00 pér ton
(1nclud1ng cost o{ depre01at10n of compost plant). While the price of locally
produced manure is about $48—00/t0n at source in Penang State, the compast prlce.
must be subSLdlzed in order to sustain a market equlvalent to those captured by the
barnya;dfmgnure. ~Currently, the Bangkok Hetropolitan Authprity has already borne 60
peréénf.dftﬁe fbtal production cost of compost, Hence. to ensure that compost has a
conpetltlve prlce, it 1s also necessary for the local authorities to SubSldlZﬁ
compost sale price. At the rate of 66% subsidy ($92/ton), the sale price of compost

: would be about $48/ton, making ‘it competitive in price compared to manure.

Pa%t éxperlence in' Thailand has shown that sales price of BHA coﬁpost in bulk is
from $45 to $93 per ton, and in 50 kg package from $88 to $138 per ton., This has
made the cost‘of compost non qompetltlve and purchase sharing in a total agricultu-
fal.maﬁégement cosf‘extremely high. When fhe price of compost 1s remained at this
Pri&e;‘it ié'&ifii@ﬂlt:to expand demand for'compost in the future. This will also
&iécbufagea.mény:general farmers (vho dominantly exist in Penang State) from using

it on a profitable scalé, as experienced in Thailand.
c.-Subsidy for composting

In cqnsidefatién éf compostiﬁg vith direct disposal of solid waste, it is found that

the'é?eﬁation of composting is significantly higher than direct haulage,

In case of dlrect dlsposal of SOlld vaste, $11 OO/ton of tHe cost in Kuantan ehich
is one of the hlghest in Malays1a is applied to this study. In other ords, to

'dlsposed 550 tons of vaste dally from the study area, the local government would
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spend about $6,050 per day ($11-00/ton X550t/day). This is considered as the

benefit of composting.

If the cost of éroduction'of compost is - $140-00 éer ton and thé sale pfice of ths
organic compoSt.from manure is about $48.pef ton,:the'authbrities coﬁcerned:havé'to
subsidize $92/ton of compost in order to make it competltlve in price with other
organic, compost from manure._ In addltlon to this, compostlng uould have about 40%
of its “contraries” as resldue from treatment whlch ‘must be dlsposed to the dlsposal

site. This dlsposal costs of re51due is also 1ncurred by the authorltles

Thus, the estlmated cost of sub51dy is :4

Ttems o f.Calbﬁlatiﬁﬁ | Cost/day
Subsidy for sale - $92/ton X 165 ton/day ;: . $15,180
Disposal cost of residue | 550 ton./d:a_\.;'- X. 0,4 X $11'./t_o_n' 3 2;42&
Disposal cost of 550 ton of wastes | $11/ton X 550 ton/day - $76,O50
Subsidy for composting - - T - $11,550

Compared to cost involved in diréét disposal, the'authéfities'v0uld have to-Shend an
extra of $11,550 per day (i. e. $4. 2.nillion per.year) Thls cost should be compared
in other terms such as cost- beneflt of land acqu1sitlon whlch may or may not Justify
its necessity. Othervise, this cost may only prove to. be a burden to the local

authorities.
d. Concept of restriction of hazardous substance contained in cotipost

The solid waste compost has problém.of.hazardpué substagce cﬁﬁtainéd in_ﬁﬁé:sﬁiid
vaste, being différen§ from compost ma&é from the remains of plants and éﬁimals.
Therefore, it is absblutely:necessary to thoroUghly eﬁaﬁine'éﬁd-pfove thé saféty and
effect from use of these fertilizers from both_viéwéoiﬁts of immediate infiuence to

growth of crops and of influences to farmland soil,
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Tt 'is élsd'impbrtant to examine vhether or not the solid vaste compost which

contains more minor elemwents such ag Cu and In, including main components such ‘as N,

P and K and also hazardous heavy motals, can produce crops having good market values

as in the case of conventional compost.

Therefore, restriction of hazardous substance in solid vaste compost should be

determined from a viev point of fertilizer science,

Adequaté éppl&ing'voluﬁe:of'fertilizer is determined baséd on the nitrogen contents
.1n many cases,  In the case of compost howevet, it is necessary. to take. 1nto con-

51deratlon mlnor elementq contalned in compost It will be difficult to place rest-
rictions agalnst all these heBVy metals. Zn which is contained in a large voluﬁe in
compost, has weak Loxity op human beings. Therefqre, it is not necessary to bé too

nervous about its absorption in plants.

On-the contrary, Pb and Cr show the toxity on human beings but do not appear as harm
on plants because a small volume of these metals is absorbed in plants,
{d and Hg‘have Strong toxity on human beings, Therefore, it is absolutely necessary

to pay serious attentlon to absorptlon of these metals in plants.

The uaste;compdsitibn;in Thailand is compared to those in Penang. There are possi-
bilities that.similar'type of coﬁ?ost can be deduced from the wvaste generated in the
state of Penahé. The maximum permissible compost application volume stated in the.
solid vaste management study for Bangkok (to omit the negative influence from heavy
metals, based on Brltlsh Standards) in Thailand is less than 5 ton/ha per year for
mercury hézafds and ‘less than & ton/ha per year for cadmium hazards, expanded over

30 years of continuous applications.

The average nnrmal rate of appllcatlon of compost in the state of Penang, vhich had
been equated to rate of application of manure is 4. 25t/ha/month (51t/ha/yr).

fcomPGPEd'té'ﬁhose'in Thailand, this rate is considerably higher. This means that
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under the normal rate of continuous. application of compost, occurence of detrimental

influence of heavy metals are possibly higher than Thailand.

Each Lountry places dlfferent PEStFlCthnS on conuentratlon of these heavy :etals.
The concept of restrictions against total volume of heavy metals has already been

adopted in Great Britain and USA from a standpoint of soil prdtedtiqn.

Thus, the contlnuous use of compost for long perlods of appllcatlon dlffers from
comtion 1norganlc fertilizer and is less practicable, in addition to the heavy metal,
1nfluence that it may pose. -Therefore, to avoid such rlsks, rate of appllcatlon of
compost may have to be restricted to an acceptable level as. realized. 1n other
countries in the uorld._ Restrictions on usage; houever, may. not be appr301ated by
the farmefs and this may divert thelr'lnterest to othericompetltlve fertlllzer.that

has no complications.
e. Existence of Other Competitive Organic Fertilizer

The prevailing supply of organlc and chemlcal fertlllzers is adequate to satisfy
demands from the agrlculture sector. With lucreaslng act1v1tles of llvestockrand
poultry breeding in the state of Penang, coupled wlth the long hlstory of ut1112a~
tion, it is possible that the organlc fertlllzers derlved from manure would be very
auch prelered than the neely lntroduced compost in the future.r The llmlted market
open to these organic fertilizers, is likely to cause price of manure to decllne
further as supply increases in future, thus maklng it hard for the higher prlced
compost to secure a stable demand "~ On top of thls, the usage of exlstlng organlc
fertilizer on agricultural fields is helplng to minimise. the total amount of agri-
cultural vaste for disposal. If composting is 1ntroduced then, ways of dlspoalng
some of the manure must be considered to avoid any.nu15ance and pollutlon that it

may cause.
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ﬁnﬁther'factor'to be considered is the diminishing cultivation of lands in terms.of
agfiCultural crops in the region, . There afe significant growth in the poultry and
.liVEStOCk.ﬁUSbandfy' Hovever EXCePt for the large scale plantations, ploughed

flelds have 51gnlflcantly decreased in terms of area and this is JUStlfled with the

~increase in 1dle land in the reglon as reported in the Structurel Plan Survey Report.

There are. little 1”d1°at1°“3 that this portien of agrlculture sector would signifi-
cantly 1mprove in the near fUtUFe' thus implying that the realistic demand and

market for compost in the same fUtUre may be smaller if not at the same level now.

The cdméqéfiné-sfudy in Thailaﬁd has indicate& that only-17% of vegetable farmers
actuélly ﬁtilized'compost from garbage (BMA compost). The study has aléo shown that
thérelhas béén an e§u31 shift of users of compost to other kinds of organic fertili-
zeps, and qice-versa,-whiéh'simply_indicates.that there has been no definite
ihtereét_in composé. 4 similar outcome can élso be expected of the compost ﬁe@éhd
fdf Penéng. Thus, the actual compost utilization is far smeller in quantity than
the estlmated amount as mentlcned in (4) of this sectlon, due the ex1stence of other

market forces that Share equ1valent 1nfluence in the agriculture sector.

(7) Other Studies on Composting
a, Trénspbrtation cost

- To detqrﬁine the sale price of compost and its transportation cost, information on

* cost of barnyard manure and its transportation rates vere gathered as follows :-

i.VUhiﬁzugight'of barnyar&'manure (Chicken dung) 0;5 t/
i ‘ugi't-éwéi_gh't_ of cémpo_st ' . | : 0.4 t/nd
._iﬂ- Priéé Gf.bafﬁyéfd manure at source 1§ 48/ton
1;: Trahspor£atibn cost of 5m lorry Up to 10km : % 15/1lovry ($3/m)
- Up to SOkm « & 75/lorry ($15/m)

Up to 100km : 3 150/lorry ($30/mi)



Using these information, sale price of solid vaste compost according to transported
distances are calculated and tabulated in Table 6.5-13, From these calculations, -

- the folloving can be deduced I-

i. An addltlonal subsidy of $7"50/ton is requ1red for the ‘'sale of compost if it
vere to be marketed up to 50lm from the source of productlon

i. The sub51dy requ1red for compost if it were to be marketed up to 100km from
production source is $115/ton. The s1gn1flcant dlfference compaked to cost of
barnyard monure is due to.thé easy av1lab111ty of barnyard mapure at about
every 50km radius in the stofe."

ﬁi, The totol'amount of subsidy'required.tO'market compoét up to SOkﬁ'from source
is about $4.6 million per year.: | |

iv. If compost were to be oorketed up to iOOkm, ihén.the'total subsidy per yeér to

be borne by the Local Governments is $6.8 million péf year,

‘Based on the above calculations, it would be significant to consider marketing com-
post up to 50km radius te minimise the burden of transport cost and put up a fairly

competitive price for compost.

Table 6.5-13 Sale Price and Subsidy Required According to Transported Distance

Transported Distance

It — : e
_ o At source | Up to 10km | Up to 50km | Up to 100k

Transportation cost per 5mi lorry | 6 % 15-00 | % 75—00= ~ $150-00
Transportation cost per mi 0 $ 300 $ 15-00 : $_30—00
Transportation cost of barngard R B |
manure per ton (0.5 ton/m’) 0 $ 600 3 30“90 7 . R
Transportation t of solid t . BT R IOT ISR

cos s0 vaste 0 4 7f50_ 3 37_50 . ._$ 75*00

compost por ton (0.4 ton/mi)

Sale price of barnyard manure per
ton

448-00 | $54-00 | $78-00 | - 48-00

Sale price of solid waste compost

ver ton $48-00 | $55-50 | ¢ 85-50 | $123-00

—t
Subsidy required for sale of solid | ¥ o ' - - :
vaste compost per ton ~$ 70-00 $-71-50 |. % 77-50 $115—00

X This figure is calcutated as follow ; § 11,550/day =+ 1865 ton/day $ 70/ton
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. Labor cost study

Similarly, the labour cost involved during sowing of compost vould be higher com-

pared to labour cost incurred in sowing of manure, Based on the rate of application

of 4.25t/ha/month, for every square mweter of fertilizer application, the following

equivalént volumes of compost and manure vould be required ;

_ . Remarks
Amount to be applied 4.25t/ha
Equivalent_voluge of 10.6m/ha 258 extra volume compared to manure
compost. (0.4t/ni) : fertilizer volume,
EqUivalentIUOIUme of 8.5m'/ha

wanure {0.5t/ni)

This 1ncrease in costs are 51gn1f1cant in the sale price of the produce by the anti-
c1pated compost user, Therefore, usage of compost may not be benef1c1al for the
_vegetable farmers in the region. In Penapg, where mechanization in agriculture
(which reducee the extensive labor incurred), has net beeﬁ uidely practized, it is
dogbtful that compost could be effective and economically be used et the present

time,

(8) Conclusion

Based on the study that was carried out, composting is not recommended based on the

folloving fihdingsf
a. Existence of other competitive organie fertilizer

.Due to prospereﬁs liveetoek industry and favorable climatic conditions, other types
Of OPgaﬁicifertilizers are eesily produced. These other organic fertilizers derived
from énimél ding are competitive and easily obtained in the region. Besides, utili-
zatipniof'animel.dueg is a form.of resource recovery and'disposal of these animal

veste; It would help to mitigate the total amount of wastes for disposal.

— 463



b. High cost of produdtion of municipal compost

Past experience on éomposting;has shown that compost has high_cost-of prodﬂétion,
making it léss.éompétitive in price compare to other organic fertilizers,

In most cases, subsidies on the sale pfipe'are necessary to compensate for the
higher production cost in order to give compost a competitiﬁe price to compete in

the fertilizer market. The subsidy may be a financial contrain to the authorities.
¢. Inadequate market demand for municipal compost.

The maaor problel wlth compostlng as a solld vaste management systeﬁ 1s.n§t Qlth the
technology of the process but with the- lack of a sufficient market for the product,
adversely affecting system'economics. To absorb any sUbstantial amount of the com-
post Vhlch would be produced from mun1c1pa1 wastes, the product would have to be
used in large~scale agrlculture. And more often than not, the compost would not

obtain the expected or calculated demand to make it a truly marketébie prbduct.
d. High cost of transportation and labour of municipal coumpost.

Because of its bulky and low nutr;ent characterlstlcs, utlllzatlon of compost has
been limited and 1arge -scale agriculture has never been 1nterested in the materlal
finding it more economical to use easy"t0~handle inorganlc fertlllzer.

Concentration of warket is mostly found in the small scale vegetable fa:mlahds.
e. Less volume reduction

Compostlng of solid wvaste has alwayq has an appeal 1n that the process convetts a
vaste Qroduct to something useful. In terms of a dlSPOS&l method houever, only
about 60% of the collected wastes (the organic or incombustible) aré reduced in

volume, while the other 40% would still required disposal as résidde.
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f. Possibilities of occurence of detrimental heavy metals accumulation in the soil

and ecological system.

Since-compost derived from solid vastes may contain heavy wmetals, con51deratlons on

the extend Of utilization or application should be careful observed. Otherwlse, it

may.be doubtful that compost may be recommendable for long term utilization in the

agriculture field, especially on food crops and vegetables.
g. Diminishing cultivation of agricultural lands,

Agricultural changes in land use and activities from agriculture ploughing to non-
ploughlng act1v1tles, in the state of Penang, are limiting the possible markets for
compost and other organic fertlllzers In viev of these, compost may have even

smaller portion or perceniage of the total demand for organic fertilizer.

h. Increase in animal husbandry,

Increasing act1v1tles of anlmal husbandary vould stlmulate more production of
organlc fertlllzers derlved from animal dung, Being establlshed and lover in price,
these organic fertillzérs would give very stiff competition to compost from solid

uasteé in the market.
i. Production of odor and bloving of loose materials.

In Qdmpoétiné, it is ineviiable td consider some important enviromental concerns
relétéd fo:prodUCfion bf odor énd the blowing of loose materials especially in case
‘of w1ndrow compostlng wvhich is the cheapest vay of composting. Unless proper
'control 1s exerted the productlon of cdors can become a problem, esPec1ally in

vindrouing Qomposting.

Generally, dué'fo'the many liﬁitations and the constraints explained of compost as a
marketable product, it is not recommended that composting be considered now. 1t would’
be interesting to note that so far, only about 1% of refuse has been composted in

solid vaste management, even in Europe.
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6.5.4 Preliminary Dezign .oi' Incineration Plants
(1) Planning Proéeddre of Inc.ineration Plant
a. ?lanﬁing ﬂow
In planning an Iincineratio_n* plant, it ;i:s necessary. to undertake the study accprdi_ng

to the planning flov as shown below in Fig. 6,54,

Fig. 6.5-4 Planning Flow of Incinerat’ieh Plant

i . Study or_xﬂﬁ_ality of Waste

il . Amount of. Waste

for Tncineration

il . Determination of "~ Operation Hour

Plant Capacity

L@ Number of F u.r"i]aces

) e . H® Selection of Combustion System
iv. Facility Planning . -

-@ fias Temperature Reduci_ng Sygstem .
-® Heat Utili_zétion

- Countermeasure for Péllution-Control'

L HD Material Recovery

v, Calculstion of vi. Operation and

‘Bill of Quantity | | Maintenance Plan |F® Accessory Requirements =

@ Civil and Building -

“vii. Cost Estimation

456



b, Considerations for. planning

In the appliéatioh of the above wentioned planning flow, the following itéms are to

be conéidéred;
il Qﬁality of éaste

: Quallty of waste is an 1mportant factor in coscideration of an 1n01nerator. There-
fores the f011001ng ltems must be checked carefully from the data obtained through

past survey and from the estlmated future quallty of vaste.

ﬁccebtébility to incineration

Pre-treatment requirements

Anitzal change of calorific value

Seasonal variation of calorific value
ii. Amount of waste for incineration

Based on_the collected date, the real amount of waste that need to be incinerated
must be determined. This factor is as important as studying the quality of vaste
mentioned above, Seasonal change in amounts'may also affect the decision on plant
capacity,

iii,- Capacity (ability) of plant

Planf constr&ction plan must be done according to the conditions such as availa-

bility of .landfill site, financial condition, and economics point of view.

Sometimes stape extension of plant units according to the increase in quantities

of vaste and to the improvement in financial conditions may be advantageous,

Plaﬂf CéPa6ity'shou1d be determined after considering the seasonal variationm,



iv. Facility planning
@) Operation hours

There are two kinds of operation system, 0“? is partial operatien (8.#5”18 hfs/
day),the other is continuous operation,

The avallablllty of p]ants varies aCeoxdlng to the selected operatlng system.
Generally, partlal opezatlon system is selected for small scale plant but for
middle or large scale plant, contlnuous operatlon system is preferred because of

its hlgher avallablllty in terms of workablllty.

Selectlon of full contlnuous operation system is suggested spe01ally when heat

recovery system is being considered.

@ Number of furnace

The method to determine the number of furnace reguired is very important and

should take into consideration of the followings.

- Tt must consider the decreasing plant csbecity while each furnace is shut down

 for scheduled overhaul or unexpeeted plant failure._

- Esbecialiy, in the case vhere landfill site is located far from the colleqtisn
zone, and where necessitate long distant haulage By small colleetion vehicles
and the increase of haulage cost, the above-méﬁtibned fabfor should be:carefully

considered,

- Furthermore allowance to the haulage system in terms of preparation of stand-by

vehicles with drivers have to be considered when each furnace is shut down.

- Usually, when plant is constituted of mehy incinertofﬁunits; seﬁefeﬁinfleence to
the capacity dovn of plant could be avoided, but it incfeases total construction

cost,
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® Selection of combustion systenm

There are two types of cowbustion systems of the incinerator. One is the widely

esed conyentional Mass-Burning system and the another Pyrolysis-Combustion system

‘which is rarely used,

Selection of these systems must be done carefully after considering the plant

-capacity, advantages and disadvantages of each systenm,
@ Gas temperature reducing system

To avoid corrosion and failure of dust collector and draft equipments, high
temperature gas leaving from incinerator furnace must be cooled before entering

these equipments.

For gas temperature reducing device, there are {wo systems available. (ne is water

spray tover systenm, and the other is waste heal boiler system.

water spray tower system can be constructed at lower cost compared to waste heat
b011er System. But this system has disadvantages in that it consumes much uater,

and that the generated heat from combustion of waste cannot be recovexed

Therefore, except for small scale incineration plant , vaste heat boller system
'(that can recover heat) is most recomnended for larger scale contlnueusly operated

1n01neration plant.
® Heat utilization

In case when the waste heat boiler system is selected, recovered heat.can be

utilized for many purposes as shown below.

- Direct supply of steam or hot. water to industries
- Electricity generation for in-plant use

- Eleetrieity generation for sale to NEB



- Auxiliary machine drive by steam turbine, etc.

Mter studying eacmentioned h system above=the-most-favorable;selectioﬁ"should be

‘made.
@& Countermeasiire against pollution

In an 1nc1nerat10n plant among the many countermeasure agalnst pollutlon dust

collector and harmful gas ellmlnator for antl air pollutlon are most 1mportant

Selectlon of each system for pollutlon control should satlsfy the regulatlons gas-
Setted in Halay31a, ulth respect to SJmple constructlon, easiness of operatlon, in

expensive running cost, etc.
(D Material recovery

Recovery of scrap metal contained in incinerated ash is often étudiea in the
blaﬁning stage. |

Expected revenue obtalnable from sale of recovered metal is normally small
But, thls system can be evaluated from another view.in terms of reductlon of

“landfill volume and ash haulage cost.
® ‘Accessory requirements

Following the selection of system for each item described above, type and capacity
of electrical equipment and instrumentation etc., to support the plant operation

shall be planned.
@ Civil works and building

Civil works and building construction which encases incinerators, boilers and all

other equipment must also be planned.
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(2) Preliminary Design of Incineration Plant,

' As for.the altrernatives study for the Haster Plan, the 3 different capacities of

incinerator plants required are identified as follows,

'  Serviq¢ Area | Candidate Site Remarks
|- WePP Free Trade Zone - Mternative 3 & 7
MPSP Prai Industrial Complex | Alternative 3 & 7

“MPPP & MPSP | Prai Industrial Complex | Alternative 8

Study for each case are executed according to the planning procedure shown in Fig

6.5*4;_
a, Quality bf vaste

fﬂéco;dipg'to'the study, the quality of waste in 1987 and in 2005 are as shown in
Ta51§.6.5¥14.- '

‘Physicél compositiqn of domestic and éommercial vaste are very similar and thé 
_moi.sture coh‘.tent is conéidered low, with the net calorific value of waste in 2005

“estimated to be 1700 kcal/ke.

'ThiS'Calbrific value indicates that all the vaste can be burned up safisfactorily

ui{hoﬁt.any'additional'auxiliary.fuel.
b. Amount of waste for incineration
i{'Daily éverage amount of waste being hauled into the plant

Amount of waste being hauled into the plant estimated as in Table 6.5-15.
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Table 6.5-14 -Ouality of Waste (Penang State)

_ . W(e:t Baée__ _
1987 w05
Domeétic | Co:ﬂmerci_ai .'Dcmestic -- Co.m.mfer'cial” ‘
Paper g | 25.5 31.5 30,1 | 3.2
Textile ¢ | 34 | 28 34 29
Plastic g | 12 | 1.8 3.2 138
Rubber g 0.8 08 | 08 | o
Wood g | a4 | a7 1.8 | 1.9
Carbage g | a8 | 309 26.9 2.4
Hetal g | us 3.3 4.1 -'Sz.,i_
Grass % 144 1.0 2.1 L5
| Stone 3 0.2 1.0 03 | L5
Other $ | 1.8 7.3 74| 4.0
Total 100.0 | 10000 | 100.0 | 100.0
Hoisture | $ 1 5.2 | 5.5 52.7 | 50.9
Ocganic | g | 354 3.1 3.8 | 6.6
Ash ¢ | 94 wa | o1s | o125
Nat Carolific Value (keal/ke) | 1600 | 1600 | 1700 | 1700
Pensity (¢/r) o083 | 0470 | 076 | 0.1
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Table 6.5~15 Waste Quantity for Alternatives

- Amount of Yaste (ton é/déy)

Service. Area 1 dpplied Alternative
CE e L Collected Directly Carried -in+ Total :

@ | s | 29.96 200 Mt @ & @
wese 0 s05 | a3 585 Alt, @ & @
_Mppp-.g m?sp- 12001 | 75.35 | 1,285 At. ®

;_Amgunt-of~wéste directly brought into the plant neans 40% of industrial vaste and

20% of other waste.
i, Seasonél Vafiation of Haste Amount

' -Seaéﬁnal variation of waste being generated (in 1987} is as shown belov. Maximum
—and:minimum generation mqnth to the average generation month is 1.14 and 0.9

respectively,

Figurefi.S;S Seasonal Variation of Waste Amount (1987)

1.2
'Honthly: _1'1 |
Generation. ~° 1.07
Ratio of L o _l"ﬂ':'""—‘ ’
Vaste 1.0 Bézzrf’i“"; AR
Cogd 0.90 F J0.96
B 0.92 095

S - Sep Oct Nov Dec Jan Feb Mar Apr May Jun  Jul Sug
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c. Plant capacity
Several cases in the design of plant capédity_are_considered as'fdllpws;.:f_
Case-A : No landfill site for excess vastes during overhaul-peried: is not availéblé:.

a-1. One'stand~by furnace will be provided so that total Gaste_can be burned_thréugh
out the yea:.
a-2. During the perlod of scheduled overhaul, another solutlon 1s to 1nc1nerate the

excess amount of waste in-other plants whlchimay accept the'excess vaste.
Case-B : Landfill site for éxcess waste during ovérhaul period is available

b-1, To select the plant vwith a capaclty #hlch wlll meet the max1mum amount of
1ncom1ng uaste, -and any excess amount of vaste is hauled to the landflll 51te
: directly'durlng overhaul period of the furnaces; . | |
b-2. Startlng from smaller scale capa01ty that meets Hlth the budget. and then

increase the plant capaclty gradually later in stages. .

As mentioned above, there are several aiternatiVes'whiCh may be ¢oﬁsidefed.
Hovever, in this case, the purpose is limited to comparative evaluation of eaéh
alternatives shich are included in the Master Plan. .

Therefore, the most representative case i.c, b-1, ié'selected;_
With reference to the amount of vaste being collected and the peak month generation
ratio of 1.14 times to the average, each plant capacity is decided as shown -

in Table 6.5-16.



~Table 6.5-16 " Average Vaste Quantitics and Plant Capacities (2005)

* NpPP PSP - MPPP & MPSP

Average Dally : . :
700 585 1,285
Amount of Waste (t/d) '

'ﬁmount_of Vaste:

R X114 = 798| X1.14 = 667 | X1.14 = 1,465
" in Peak Month {t/d) | 455

| Plant Capacity - = - 810 675 | 1,500

d. Preliminary planning of each facility
i Operafioh hdur

'For all of these cases, the plant capacity is considered large, therefore, it is

most favorable that contlnuous ogeratlon system is adopted.
it , Number bf_furabes

Upon: consideration of several factors, 3 units of incinerators for alternatives @

.and:(), énd 5 units for alternatives ® are recomended.

ﬂccordlng to calculatlons, the 3 units constituent, vill burn up mare than 94% of
the total waste u1th due con51deratlons to down time due to overhaul shut down of

each furnace.

.In v1ew of the llfe expectancy of tandfill site, this figure means that effect of

';ntroductlon of 1nc1nerat10n system may be quite SUfflClent

_fIh:ﬁhe césé of:Altérnative @® with 5 unit constituent, approximately 98% of wvaste

can be ‘incinerated.

The resulﬁs are'shq§n below in Table 6.5-17.
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Table 6,5-17 Number of ConstituentS"(Furnaces) in Each Plant.

Alternative

Aly, @& @

Alt, @& @ -

_Ait. ®

Service Area

HPPP

MPSP

-MPPP' % WPSP.

Constituent of

Plant

3 ﬂrtitXZ?O t/d |
= 810 t/d

3 Unit >< 225 t/d
= 875 t/d

5 Unlt)(300 t/d
,1500 t/d

ii .Selection of combustion system

As aforementioned, there are two iypéé_of-combustion-systems.

(@ Mass-burning system :

This system is conventional and being videly used in many municipalities in the

vorld today.

All technéiﬁgies.iﬁcluded'in.this systen has'alfeédy been étabilizéd based on

“ long histery of experience,

(D Pyrolysis~combution system :

This system was first invented for small scale incinerator. plant. The unit capa-

city is generally limited up to 100 tons per day.

Because of its simple construction and cheaper cost, once this systen spread

videly in U.5.4. The incinerator in Malaysia located in Kuala Tregganu is const-

ructed based on this technology.

In the case of mass-burning system, perfect combustlon of organic matter is

achieved in the furnace Ulth the ald of SUfflCant alr supplled to the furnace

But in pyrolysls~combustion, compbustion takES place in tvo stages., Flrst,

pyrolizing and gasification of organic matter in primary combustion furnace

under relatively low temperature condition, then after, secondary . combustion

takes place in the secondary chamber, with the aid of additiénal air suppiy,
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Compared to these two systems, the disadvantages of the later system are :

. The incinerated ash in pyrolysis combustion system, contains carbonacecus

substance such as charcoal remained due to starved primary air supply, as a

result of low combustion efficency.

« Effect to volume reduction is lower than that of mass-burhing system due to

the unburned residue.

+ To- avoid the fluctuaticn in combustion temperature, additional fuel 15 genera-

11y required.
. In many cases, air pollution control equipment is usuaily.omittede

To overcome the defiencies above, selection of mass-burning system is becoming

more'bcpulaf, even in the 11.5.A.

for the same reasons described previously, the mass-burning system is adopted in

this_study.
v, Gas temperature reducivg systes

Because of the large scale plant capacity and for the purpose of energy recovery,
the waste heat boller system is adopted in this study as the gas temperature
reducing System.

v . Heat utilization

As aforementloned thc stean which is generated from vaste heat boller is
avallabie for many purposes. But at this stage of the Master Plan, special users,

amount nor Lype of heat supply etc., cannot be deternined nov.
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Therefore, electricity generated by tirbine generator system is adopted.
Assuming the type of steam turbine is of”vac&ﬁmicOndeﬁsing typé;_tﬁen, air
cooled Tinned tube condenser i% provided.

Flactricity generated in each plant, consumed for in-plant use, and the saleable
amount to outside consumers are calculated as shown in Table 6.5-18,

According to NEB, the average unit price of electricity saleable to NEB:is
estimated as $ 0.1025/kvh. The normal rates are as folloys;'obtained'from-NEB;

. Peak hour (08:00 - 18:00) --- § 0.14/Kwh

- 0ff peak hour (18:00 - 08:00) --- § 0.05/Keh

Table 6.5-18 Estimation on heat utilization

[ Service rea MPPP | MPSP - | MPPP & HPSP|
{'Plant Capacity (t/d) | 810 . | 675 | 1,500 - |
Waste Amount - 55,500 | 213,490 | 468,000
Collected ~ (t/yr) | . * SR
Amount Incinerated 240;170. . '200,700 458,600
(i) | | I
Gross Heat Tnput 408,3 X 10° | 341.2x10° | 781.3X10°
- (G callyr) . _ RIS 5 SR
Electricity 1 O60XI0° ] 50X10° | 115X10°
Generated (Mwh/yr) o ] o
Consumed | 12X10° | 10X10° | - 23X10°
in-Plant Use (Huh/yr) - E—
Electricity 48x10° | 40%10° | 92x10°
Saleable (Hﬁhfyr) E
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vi,.Countermearures for pollution contro)

:To'avoid air pollution, the regulation gassetted in Halaysia states that :

* Dust emission --- belov 0.4 g/Nm' {(at 12% Co,)

““HC1 emission - below 400 g/Nif (at 125 Co, )

X Nnd, 3 Normal cubic meter

Dust collector % -

For dust collector the electrostatic preclpltator is the most appropriate.
selectlon and dust emltted at the exit of the selecued preclpltator Ulll be

~ under 0.1 g/Nii,

This figure is relatively lower than the regulation and it vill tend to raise

" he cost slightly as this figure is decreased,

But since electrostatlc prec1p1tator ‘has the ability to achieve the required
'flgure ea31ly and the emission from top of the stack with regards to 0,lmg/Nrd
”15 colorless, this figure is widely accepted and used,

HCl-gas-eLiminator :
As for HCl gas eliminator, two types of methods are usually used, i.e. the wet

scrubber system and the dry chemical injection system,

" The wet scrubber usually has higher efficiency, but the disadvantages of this
_system are highér initial cost, difficulty in waste vater treament, possibility

of corresion, higher running cost, etc.
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Whereas the dry chemical (Ca (OH)Z povdéf)_injeCtibn systen has' advantages: of; -

cheaper initial and running cost, simple construction, éasily operation, etc,
Therefore, dry chemical injection system is selected in this study. :
vi. Material recovery

To recover ferrous metals contained in the ash, magnetic separators’ are provided

in each ash discharge line,
vii, Accessory requirements
Base on each system described above, studies on the items as shown belov are done,

» Electric power station
« Instruments and automatic controllefS-
+ Waste water treatment systeﬁ

+ Civil and building
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e. Transportation from'inéineration plant

Transportatlon from 1nc1ne:at10n plant is studled on the f011091ng three cases stated
for th@ alternatve study. The aims of thls study is to calculate 1) the proposed number
- of vehlcles and 2) the cost for transportation from the incineration plant,

Ihg théeg anes stated for the alternative study are as follows 1 -

() Alternative 3t FTZIP (Free Trade Zone Incineration Plant) — PADS (Pantai Acheh
Dlsposal Slte )
GD Alternatlve Tt F1LIP - - PBDS (Plau Burong Dlsposal Site)

GE Alternatlve 3, 7 and B FICIP (Pral Industrial Complex Incineration Plant)
Coopms

Procedure in planning for transportation is shown in Fig. 6.5-6 below.

Fig. 6.5-6'5Prqcedure in Planning for Secondary Transportation

*Amount of refuse collected at incineration plant
*Type and loading capacity of vehicles
1 |

. Number of Transportation Vehicles Proposed

*Total number of trips

Number of trips per vehicle per day,

_+Number of spare vehicles on stand-by
’ .

iii TransPartétion Cost

+Cost ‘of fuel
+To0]l] fee at Penang Bridge
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i ..Basic data

The followlng basic data is establlshed in orde: to calculate the proposed number of

vehlcles and the cost of transportatlon from the 1n01neratlon plants.
@ Vehicles used for transportation : Open Tipper Truck (OT)

To be used for transportation from incineration plant

(FTZIP, PICIP )
Capacity: 10mi

Loading capacity @ 6.3ton ('IOX.U.'TXO..'Q).
Where 0.7 is the apparent specific gravity

0.9 is the loading ratio
(@ Driving speed of vehicle for transportation

- Br1v1ng speed is establlshed at 30km/hr in the case of trlp through the

mountalns in Penang Island

~ Driving speed is established at 35km/hr in other cases than those mentioned

above,
@ Working time
- Total working time in a day ié estéblisheﬁ as 7 héurs ber day
- Loading time is estabiished as 0;3 hégrs.af.ipcinerétign plapt;'
"IDischarging tine is established as O.SIhQurs'ét:di$§OSai éité;
@ Cost of fuel is established at TS 0.&&8}1itef_<inclﬁdiné'cést of.qii)i..

& Distance covered per liter of fuel consuméd :_2kﬁ/1iter
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IZGD.Tbll fee of Pepﬁng Bridge : M§15/teip
Information on traﬁsportation, based on above mentioned basic data, is shown in
Table 8.5-19, |

i, Number of ?rénsportatiéﬁ vehicles fequired

Using the p#evioué iﬁfo;mation,'the folloving items are calculated,
C)-Tdtal'numbef of.tripS.Pér day.

Total number“ef trips per day = Average amount of ash per day/Loading capacity of

vehicle
@ Number of trips per vehicle per day
Mumber of trips per vehicle per day = 7 hours /Cycle time per vehicle

Ba51cally, the nusber of trips for each vehlcle in a day (7 hoursfday) is determined
by the above quotlent Howaver, if the remalnder time (hours) after division is over
70% agalnst tlme of the cycle, one more cycle is con51dered with regards to the over

time.
@ Number of vehicles required in a day

Number bf;vehiclés.reqUiréd per day = Total number of trips per day/

Number of trips per vehicle per day
@ Stand-by Vehicles

Sta“d*by.vehicles are needed for wmaintenance and repairing period, and also.to

efféétivély-ekecute transportation of the ashes,
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& Number of vehicles proposed

Number of vehicles proposed is caleulated as follows. -
(Total No. of trips per day/No. of cycles per vehicle per day) + (Stand<by -
vehicles) | . ' '

Results are shown in Tables 6.5-20.

fii. Transportation Cost

Transp0ftation cost are calcuiated as:follﬁus.

TranSéortation Cost'? (Cﬁsg of'fuel) ; (To}i fée_of-?éﬁ;ng Bridgé) |
vhere

(Cost of fuel) = ((Total No. of trips per day X One round-trip distance)/2 (ka/liter)

X 0.468 (M8/liter)

Results are shown in Téble 8.5-21 -
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£, CalCUlétlon of quantity

Accordlng to the procedure described above, each 1tems are studled technically

: and calculated

_3The rontents oi each 1nclneratlon plant are summe1lzed as shown in the outline

“of each 1nc1nerator

&. Operation and maintenance

The manpower and Utllltles requlred for the aperatlon of 1nc1neratlon plant are

as shoun 1n Table 6.5-23.

Surplus electrlclty generated from each plant except those for in-plant use is

:avallable for sale to the NEB
h, ﬁoSt gétlmation

The cost estlmatlon is based on the bill of quantity and the construction price

data collected It is described in Chapter 7.
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Tabls 6.5-23 . Manpédef,_Utilitﬁ and Revénue' SRR

site o wee | w0

Alterﬁétist o ' 63 &_tb; .7G?:E @ htféﬁi-v'

“Nome of Plant .| FIZIP | PICIP | PICTP |-

Capacity of Plant (t/d) 810 675 - 1,500

Manpover for Plant
© Manager .'“. | _ | b | 6 :~-1’:  -9
Enéineef _ . 5-‘.;-. L 52-‘. PR RO

Juﬁiﬁf Engiﬁéer _. ;'4' i'uﬁ ' 4., “ iw,}?-{

Operator. : 36 . 30 | 47

Laborer ' .9 _3:* 8 : ‘13"j -
Sub-total [ e0 | sa |88

Hanpower for Transport. S T - '5 '5if9l_;=ig

Total | es | ose .8z .|

Utilities: -
Eléctrocity'(ﬂyh/yr) - 526 438 N .f':9ﬁ4'
dater (1000wsyr) | 228 | 19 e a1 |
Fuel - fkl/yr)%z - 40 t:. :; 33;3_ Z.;”"74 : '

- Revenue; -

Electricity (Hwh/yr) | f48;900 5  ’46;0ﬁb 'figﬁ,ﬁﬁﬁ

Note:
#1  Some amount of electricity to be supplied by NEB. is

needed during the 6verhdu1:befio&ucf15téam_turbiné,_f- '

*2 Fuel is needed for the=purpose'of'étéﬁfiﬁg-up:of gach

furnace,
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(3) Outline of:Eaéh'Inciherator

Z Based on the- prelmlnary desugn, whlch is .1llustr‘ated in Flg 6.5-7 and 6.5-8

' respectlvely, b331c data on plannlng and outllne of each 1nc1neratlon plant

summamzad and tabulated 1n Table 6,524 and 8 .5-25 respectively.
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Fig.6.5-8 Plan of Incineration Plant -

DRIVE way

ACCESS ROAD

LEGEND

(D) weighbridge
@ Platform
. (® Pit & Crone House
- (@) Incinerator House
(& Stack
@ Administration Office
@ Car - Pork
Green Belt
Details of Haster Plant Alternative for Incineration Plants
S tC it
Alt. Name of | Plant Capacity Proposed Site Area
o Plant (t/d) :
@&® | FTZ 1P 810 1450 X 150n2.2 ha
®&® | PIC IP . 675 1452 X 130a= 2.0 ha
@® | PICIP 1540 160uX 270a=4.3 ha
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Table 6 ,5-24 Basic Data on Planning of Incineration Plant

® 0

0ro

8

Plant capacity (t/ d)

Alternative _
Service Area o HeRp . Hpsp " MPPP - MPSP
Nage of Plant FIZ 1P g I PIC 1P
Average 700 585 s
Vaste Amount (t/ d) | _. B
Designed 810 g5 1,500

(3 unit x 225 t/d)

(5 unit x 300 £/d)

Average Net C_alorific

| (3 unit x 270 t/d)

of Waste (kcal/ng) 1,706_ 1,700 :_"' | f;voo
Condition of N |

Pollution Ct;'ntrol:

- Dust Emiss:ibﬁ_(g/Nrﬁ:) _ 0.1 _ 01 | 0.1
s R i f7""&56 ............................... éﬁﬁf ............
s Qi£ﬁ"£;;;;;£f£;'15;"£;;31;£i5; .................................
Workability of each |

Furnace (%) 89 89 . 89
Chwount of Baste w0 b0 ||
incinerated (t/yr) 255,500 213,490 469,000
Incinerated Amount (t/sc) | 240,170 | 00,700 | 458,60
hate of Incineration | | A
in a year in 2005 (%) 94 =9.4 ' . 98:.
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Table 6,5~25 Quiline of Each Incineration Plant

T
lSlte-- S : : in MPPP in HPSP

No. of {xltérﬁa_tive _ Mt | Alt. | ALt
e LD (@@ ©®
‘Name of Plant = S FTZIP | PICIP | PICIP

'Capé_;qii:y_of,_‘__.[’lant (tonis/day) ' i 80 |61 | 1,500

1?'Hgghahicg}_&_ﬁléctr;cal Equipment:

z weigbﬁridgs_ _ ' ‘ 30 ton scale _ 7 9 | 7
_; wasté chaféiﬁg éysiéms Pit &_Crane Syétém . Tl 1ot 11 1ot 1110t
- Inéineratdr'fgrﬁace - Full Continuous Operation, | |
o | | jHass—burning_Qith‘uater wall 3 . 3 S
- Waétéfﬁeat Boiler | - Water Tube Boiler;
_ . _ Natural Circulétion _ : 3 -3 5
-:Draft_EQuipment ~ Forced & Induced Fan _ 3 3 3
| - Stack ' ' 1 | 1 1
- Tﬁrbé{ﬁenératﬁr Séf ?;Vacuum Cdndehsihg Type 1 : 1 1
-:Stgéﬁ Coﬁdenser ‘ - Aif"cooled Vacuvs Condensing typg 1 lot| 1 lot |1 lot
- Ashsﬁisqhdrge Systems - Seﬁi—wet type | -3 3 5
- Duéi Céllgctpﬁ - Electrostatic Precipitator 3 3 5
~'H¢l‘ga§ ReﬁoQal : - Injetion of Limeﬂpoger Systen 3 3 3
| .Equipﬁent
- _wéé,t_e Yater - PH, SS, BOD- | | 1lot] 1 lot|1 lot
| théatHent Systen |
' -.Feéd"@éter . - Demineralizer B 1 lot{ 1 lot|1 lot
| TréétmenﬁrSy§tem
- EIéCt:iéai Svitch Gear Ilot| 1 lot 1 lot
- Instrﬂmenf & Aut§matic
' _Coﬁt}onéfs 1 lot| 170t |1 lot
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- continued -

Al Alt. [ Alt.

lovo o1 &
| | weee &

Cwpep | Mpse | mese
2. Civil and Buildings a
- Site Area | _ - 2.%ha | 1.95ha | 4‘.3__1{3_
- Incinerator House Réinforcéd Concreate o é,OQOﬁf:' 4,600ﬁf. _8}300nf

% Steel Structufe

3. Secondary

g Transﬁorﬁatibn
- Ash Transportation zﬂpen Tippef'Truckhlﬁﬁf ‘. ﬁ‘for |
Vehicle ] e
| | | 5 9
8 for

félf;()
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6.5.5  Study on the Introduction of an Incineration Plant

(13 Pfeface

Thg municipal waste generated daily have increased remarkably Qith the
increase -in population and the rise of living standards. The staie of

penang is one example.Where the industrial develoment and the elevation of

living ‘standard are significant,

As an intermediate treatment measure of ‘the waste to couter-balance the
increased'ambunt of waste generated is through the introduction of an
'inCineration_system. This system has satisfactory effect on the

sterilization, volume reduction and stabilization of waste.

The 1nc1nerat10n plant proposals 1ncluded in ‘the elght altenatlves
submltted by JICA study Team were however not 1ncluded in the Feasxblllty
‘Study mainly due-to:flnanc1al reaSOns.'Howevar, the world wide trend has

shown the necessity of this system in future,

This,is especial1y.true when difficulties in obtaining landfill sites
ére,encoqntered._The'present situation shows that the time has come for

Penang to ' start considering this system for her future SWM.

In this sectién,~the following items are discussed and a proposal for
future incinération plént with regards to consolidation of problems and a
new_propésai'have been given.

—Reéogﬁizing the condition in the Malayéia.

:fStﬁdy bﬁ.the suitable incineration plant for NPPP,

~Result of the economic evaluation.

~E2amples.of the installation and management through privatization,

- and .its problems. . .
%COﬁsOiidatiOn of conditioﬁs necéssary for the introduction of

incineration plant in future.
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(2)

The purpose, merits and acceptability o¢f incineration-system.

a, Trend of Waste Disposal

The trend of waste:disposed normally .corresponds. to populaﬁion'grthh
and income levels., The generation of waste increases with inc?eésihg
pOpulation'énd national income level. And conSeqﬁently,-fo manage'the
increased amount of waste, more collection and disposal ‘services are
regﬁired_which accounts for more vehicles, ﬁanpower and land for final

disposal,

In recent years, acquisition and availability of land for final
disposal site have:become'morE'difficult, espécially thbse_situatéd at
the periphery of urban centers where plenty. of waste are being

generated, consequently, a final disposal site‘has_tO'be'lcocath far

- from the generation areas which reguires long distarice haul. These

factors are substantiating to the increase in-wastefﬁispoSal'costsf

Open crude'dumping has been practiced since ancient times and is the
least expensiﬁe _méthcd. However, open .duhping causes environmental
preblems such as groundwater Comtaminatiqn.pollution,.gene:abion of
animal scavengers, offensive odor, air“pdlluticnr.etc.._Infshbft,:dpen
dumping is unsanitary, Therefore, it is necessafy to éhifﬁ to a neQ
disposal systam.kﬁown'as sanitary landfill Q'whigh'is more
sanitary and if strictly carried out, will maiﬁtain,a'héalthy

environment .

The shift has resulted to more intensive land reclamation,rléachate
treatmeaat, and other environmental protection facilities that
conssquently reguire coansiderable financial investment. In many
developing countries where economic-éhd populétion-gfgwths.aﬁd

entralization of people to the cities are rapid against the intense

<
need for solid waste generation-reduction and' volume-veduction have

become one of major improvement issues.

This includes Panang State where the industrial activitiQS'aréfbrisk

and continuing increase in living standard has been observed.
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Thus, at this stage, ‘even though the introduclion of an
incineration seems difficult due to financial reasons, it ig tine to

cOnSiaer'proper introduction of it for the fulura wasbe disposal,
b. Merits of incineration versus 1andfilling'method.

Simply, the:merits of incineration over landfill disposal methods are
the sterilization ana high volume-reduction of waste, rapid

stabilization of landfills and mitigation of environmental inpacts.

i. Sterilization of waéfe.

The putrescible matters contained in waste are dissolved and
oxidized to steam and odorless gas through the incineration under
nigh temperature, Only the sterilized ash and incombustible
matter remain as residues of "incineration. Thus when disposed,

éanitary'condition is maintained at the final disposal site,

ii. High Volume Reduction.
Incineration can reduce down to 1/15 or less of the injitial
volume of waste. Thus, it would suffice to. prepare minimal land

for disposal or it may'lengthen the life of landfills.

iii, Rapid Stabilization of Waste.
Landfill by untreated. waste. requires 15 or 20 years hefore the
_ waste complete its decomposition and final settlement being
.achiéved. Unlike conventional diéposal, ash stabilizés in oa far
shorter period and the ground of where ash 13 disposced are much

stronger compared with conventional dispozal lsnd. Thus, 11 makes

o

o)

possible to cohstruct buildings on ash reclaimed !

iv. Mitigation of environmental Impacgsa,

Open - dumping poses the following main envire

"~ genaration of offensive odor from decomposition  of wastes
- smoke due L0 Spanlenous combustion Shah results Lo s

pbllution

- Groundwater conptaminstion caused Ly
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- Infestation and generation of insects-.and vectors/to the
environment
The environmental damage caused by open dumping as mentioned above are

normally axtensive and cannot be artificially controlled.

While in the case of incineration, the following factors may cause

environuental problems.

- stack emission that results to air pollution
~ noise and vibration from incineration ptant
- waste water effluent

- odor from flue gas.

However,.thé prevailing incineration,technology has managed to curb the
above factors to within.stipulatea valﬁesqu.the_regdlaﬁions through

provision of pollution counter measure facilities in the plant.

c. Factors affecting acceptability of incineration system iﬂldeVelopihg

countries,

Despite of the advancement and merits of the inéinéraﬁipn:system; many
developing coﬁntries have Hesitations in devélopmentfof:ihcineratiOn
systems .due to the reasons below (full‘aiscussion is.given.in (3cade
i. The high investment cost inrthe édbpﬁion?of an
incineration;System. _ | o
ii. The per capita waste generation is ‘low and still fﬁere ére
inexpensive land available for fipal disposalg '
iii. The public has less recognition .on ,the.=imp0rténcé of
environment and there has beén no considerable'bléims

against adverse affects by.0pen-dumping.
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“(3)‘Current situvation of “incineration system in advanced and developing

countries, -
a. - Current Situation in advanced countries.

_'Table 6f5426'shows-the rate of treatment by incineration system in

advanced countries,
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Table 6.5-26 Rate of Treatment by JIngineration in advanced:Countries

Country | GNP Generation Rate © Typa of Treatmént(%)
(uss) {1000t/yr|g/cap/day Incine-| Landfill]| Resource other
B ration | :|Recovery
United | 8,920 | 16,600 | 982 10 88 1 1
Kingdom : '
west  |12,080| 19,000 | 858 19 79 | - 2
Germany Y
France 110,740} 14,000 685 . - 1 - - -
Denmark|12,640 | 1,200 | 651 34 62 | - |4
Sweden |13,170{ 2,500 - 30 70 | = =
USA 17,551 ({154,000 {1,746 - >90 - -
Japan {12,850 43,450 986 71 26 | - 3

Note: GNP per capita in 1986
‘In Japan, the preference in utilization of incineration system may be
explained by the_following factors. '

- The availability of land for final diqusal'is scarce (espeCially

level‘ter;ains)

- The government_have assisted positively and'expédited'the

construction of incineration plants.



- The Japanese society have received and understood well of the
many advantages brought by incineration system such as remarkable
volume-reduction, its high sanitary standards, energy recovered

" and benefit by the ultimate use of landfills.
b. Current situation in developing and less developed countries.

The main method of waste diéposal in many developlng and less

developed countrles is the landfill dlsposal method.

Table 6.5-27 ~shows  the incineration plants and its operational

- problems recently constructed in Asian counties.

c. Factors against development of incineration system in developing

and less develbped countries.

The factors thdat hinders introduction of incineration plants in
deveioping and less develdped countries can be viewed from the

historical, economics and technical aspects.

i Hlstorlcal aspect
- Open dumplng is the least expensive method
- In_the past, there have been plenty of 1and avallable for waste
'-dispdéal burposes
t.The populatlon den51ty is relatively small
- The average income level is lower and the waste generatlon per
caplta ~was. relatively low
- The -concern of the people to env1ronmental issues has’ ndt heen

serlous_ .

Due to the reasons above, there are obviously in no urgent need of an

incineration system,

1i. Economics and technical aspects
- the construction of an effectlve and reliable incineration
' system requlres a lot of money. Under the ordinary SWM budget in

these countries, the shock in financial requirement of the
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ln01nerat10“ sytem is too great agalnst the ordlnary monetary

allocatlons for SWM.

~ there are no experienced personnel. to operate and maintain the
incineration plants. Often the technical and logistics  support
are- inadequately ready  for the complex ihoineration plant smooth-

going.

— in the past, satisfaotory results could not be obtained  from the

plants already conbtructed Many of these plants had problems such.
as unreliable make, shortage of spare parts, 1nexperlenced crew,

. ete, | .
Thus, all the reasons gathered above have affected the acceptability
of_incineration gystem “in many déveloping and IESSrdeveloped

countries.

Incineration system in malaysia.

‘a., - Current situation in malaysia.

The ‘'one and only incineration plant for municipal solid waste in
Malay51a was built in Kuala Terengqann in July 1987, The general plant
dellltles, progress and problems w1th respect. to its ogeratlons were
gathered through a visit to the plant in Kuala Terengganu, are.
descrlbed below..

-i. Composition of incineration plant

Receiving and feeder facility 1 unit

Incineration furnace with

100 t/day capacity 1 unit

" Waste heat boiler with

evaporation rate of 12.3t/hr. 1 set

Dbraft equipment - 1 lot
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parbine/genarator facility 1 lot

Electrical instrumentation

and control switch board facility’ 1 lot
auxiliaries . ' 1 1ot‘;
ii. Construction cost

The. total plant cost 1nclud1ng civil and mechanlcal works is 6. 5_
million rlngglt. The unit prlce of waste 1nc1nerat10n is 65, 000
ringgit per ton. The flgure 1s about one thlrd of the average

plant unit'cost'commonly_found.
iii. Status of operations

Since the start of operatlon in 1987, the plant has often been
shut down due to fallures and had only 2 contlnuous months of
operation. During the shut down, modlflcatlons and ad]ustments
were made however, all attempts have been futlle to produce
satisfactory results. To date, - revenue from sale of power is

still not possible.
b. Problems and Improvement tasks.'
The piant in Kuala Trengganu faces the folldwing probléms;

i. The plant is under 1neff1c1ent and unsanltary worklng

" conditions due to poor plannlng.

ii, The plant cannot maintain éqntinudus-operation'because‘ofjpéor

design and inadéqﬁate:specificétidn ~of the facilitiés;.'
jiii. Inappropriate selection of combuStion system."

iv., Inadequate training given to'the'éﬁeréﬁOrs;;

v. The contractors were:ndt warranted to guaranty

performance of the plant or facilities.

Future introduction of incineration'plant.would'réquire thé'folloﬁing
precautlons and improvements w1th r@ference to ‘the Kuala Terengganu

incineration plant. **496—-



i Planning execution should be done by a gqualified and.

experienced incineration system consultant.

ii. An exper:enced and knowledgeable manufacturer should be the

' prequallflctalon crlterla in selection of facilities make.

iii; Preparation.pf édequate stock of Spare'parts,'having
qualified operation engineers and well trained operations

crew for smooth running of the plant.

1f Penang State were to consider 1ntrodu01ng an incineration plant, it is
1mportant that the above mentioned prerautlons be ConSldered to avoid
.repeatlnq gimilar failures as those in Kuala Terengganu 1nc1nerat10n plant.

(%) Approach towards introduction of incineration plant in penang state,
a., A'COuhtermeasure against increase in volume of waste generated.
The periocdical increase . of waste guantity 'generated in Penang state

' was estimated and shown in Fig 6.5-9.

Fig. 6.5-9 - Estimated Waste Generation in Penang State

©1.000

{tons/day)

: 700
mpep | ' /
TN s86 .

a0 > |
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: 4

Quantity of Waste
i
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Th@ ‘estimations on the qeneratlon quantity: has baen based on the populatlon
increase, increase in-per capita waste dlscharged and expanulon of service
areas. The estimated quantity of waste avallable for 1nc1nerat10n is

700t/day in MPPP and 584t/day in MPSP in the year 2OOJ.i'

The economics and financial evaluation has revealed'tha; MPSP.is especiaily
weak and uncapable of introducing and incineration - system for. her solid
waste treatment in the near future.. ' A

MPPP. on the other hand have some financial difficultiesfaf'present in
having an incineratidn plant. HoweQer; thé éituatioh may bé'reverséd with

an up-turn in her financial aspect.

Thus; the foliowinq study has been perfqrmed'baSed"on the possibilities of

MPPP having her own incineration: plant.

b. Qualltles of Waste in MPPP _ _
i. Whether ox not waste quallty is acceptable to an
incineration plant is a nla ]c)r c rJ_t.elrl a in tlxe
introduction of an incineratlon system, Flg.' : shows
some anmples of. waste qualltles in other 0ountr1es as well as

those in Malay81a.

The quélity of wastés in less developed aﬁd'developing cOuntries
contains substantial green and putresc;ble wastes as shown in
Fiqg., 6.5"10 c,d.. These types of waste 1:educe$ the caloxlflc
values of the waste.' In most cases,.auxiliafy.fuel_are_requ1red
to incinarate these wastes. 'Aﬁditﬁis is-wﬁy;incinéfétioh is.not.
"a proper 'selection for waste treatment:inrmany éeVeloping and

less develdped countries.
However, the refuse quallty in Penang State ‘has a calorlflc value
of 1600 kCal/Pg and 1s estlmated to lncrease to 1700 kCal/kg in

2005 (based on study by JICA btudy Team).

These values resembles to that of Japan or that'offSingaporé'and

the refuse can support stabilized combustion wihtouﬁ any
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U.S.A, 1986 : S Tokyo,Japan, 1984
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Fig.6.5-10 Comparison of Waste Quality
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additional fuel. ‘mhe heat of combustion can be expected to
generate considerable power. Thus in short, the waste guality in

Penang is acceptable for an incineration systen.

ii. ‘The meteorologlcal COHdlthﬂS 1n Penangnls‘shown in - Pig.6,.5=1]
There 15 no remarkable change 1n ralnfull that may" affect the
m01sture ‘6r water content of the SOlld waste 1n Penang..Thls
would stablllge the refuse qua];ty of Penang state and is better

in quallty fhan those found in Kuala Terengganu.

6.5-11. Monthly Variation of Rainfall in a Year

{5 MeanRalnfall (1351~ 1985) Bayan Lepss,Penang

i :

{mm} PEEEE Mesn Ralnfsli (1951~ 1977} Kola Bhato Aetodrome
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00 . : -
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XotaBhary 27595mm [
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The . reasons that maintains better“quélity QaSte'in:Féhénéffor
incineration compared with those from other places are summerized

below.
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.. Table 6,528 Reasons for DBetter Quality Waste in Penang.

Condition in Penang ' Result
* The average 1ncome level . Increases the content of
is relatively higher. combustible matter in
waste

-There is no significant wet season. . Stabilizes or constant amount of

moisture content in waste.

- Streets are well paved. . Little eafth, sand or inert materials

are found in cbllected waste,

Strees are not littered ; . Highexr paper and combustible matter

content in collected waste.

Efficient materials fecovery and » Less insert matter or incombustible

-recycling, : - found in waste,

¢. Consideration on components of incineration plant.

i. Type of incineration plant

When the investment effect is considered, it should be based
-on 24 hour operation of higher avallablllty (hlgher utilization
rate). That is to say that the incineration full-continuous-

combustion type should be selected.

ii., Gas temperature reducing system (Gas desuperheater

system) .
Gaé desuperheater system.is clasgified into the water injection
desu?erheater system which main purpose is incineration and
volume reduction, and the temperature reducing system'by'
-employing waste heat boiler used for both incineration and heat

recovery.

The former water injection type desuperheater system is suitable

for small scale plant, and the initial investment cost per ton is
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less, however, revenue cannot be expectedfandithe operation ceet
is ‘dccounted as a loss. The system would ‘only be adyentageous and
effective for reducing the landfill volume and environmental

problems.

In the latter waste heat boiler system, clinker trouble can be
prevented by the water wall provided in-the combustion chamber
and a longer term of stable operation can be performed, and the

recovery of energy can be maintained,.

In this case, the initial investment cost per ton may be .slightly
higher compered.with the'former SYSEem,'howeQef; the power
gerierated can be utilized fo_boynﬁer—balance the expehditufe of
power cost.(which is the main item in the oberetional eOSt'which
normally account for 70 to 80 % of the nperatlonal cost), can be .
saved. Any surplus power would become a revenue whlch can be
epproprlated to repayment in the plant 1nvestment. More-proflt
can be expected if heat consumers are w1th1n the surrounding
areas, In such situatiens, the waste hEat boiler system should

be chosen.
iii, Heat utilization system

When the waste heat bdiler is chosén,.the_reboverd heat -‘energy

can be utilized for'mahy purposes sﬁeh'as the fd;lowings:
. steam or hot water Supb;y to fectories;
. In-plant use of the generaeed'powerﬁ
. Sale of surplus power ;5 National Electriciiy Beerdf
. Turbine driving of auxiliary eedipmehfs.iniﬁiaeﬁ,ete};'
When the outside heat consﬁmere_are not'fonﬁd{ a reeem$Eﬁdéble

choice is the self-supply fbr-ip—blant use Qf3power and the sale

of surplus power.
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.The National Electricity Board would purchase the power generated

at. the cost of about 0. 1023$/kw, and . this: flgure is relatively

batter compared with the price of some commodltles in Malayala.

iv. Countermeasure against pollution

‘The dust precipitator and harmful gas elimination Fadility are

‘the most impdrtant among many anti—pdllhtibﬁ=Contérmeasure’of the

L1n01nLrat10n plant.

When 51mple constructlon,'easy operatlon ahd

moderate runnlng cost are taken ‘inte’ con81deratlon, At 15,

_recommended that the desirable system would have the following

'Eperformance shown 1n Table 6,5-29.

Table'8.5-29 Proposed Anti"Air:Pollution Systen

- Equipment

System : :Design Figure | Remark:
. o _ 7 Malaysian Regulation
~ { Dust Collector Electrostatic Dust’ Emlsslon L
. Precipitator Less than 0. ]g/‘lm ‘ 0.4-Q:/Nm’
HC1 Gaé Eiiminator Line Powder .HCJ Emission . _
R Injection System | Less than 400mg/Nm’ 400mg/N i

d;.P;oposed'scale of inéineration‘plant for year 2005 and

financial study of the plant,

The outline of MPPP's incineration plant in the year 2005 is described

below;'ékfraéfed from previous studies by the Study Team.

i) 'General_deécripﬁion of Plant

‘Plant scale(Incineration Capacity}:

‘plant construction cost

270t/day)’

.

Sioﬁ/day {3 units =

About 150 million ringgit

The basic planning data and general description of the plant is

as shown in Table 6.5-30 and 6.5-31
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Table 6.5-30 Basic Planning Data

_:‘Item

_ Planned Figure

-Amount of Wastes, (tons/day)
Capacity of Plant (tons/day)

Net Calorific Value of Vaste (Kcal/keg)

Condition of Anti-Air Peollutien
- Dust Emission(g/Nm)
- HCl Gas Emission(mg/Nm)

Availability of each Fﬁrnace through a year (%)
Amount of Wastes to be collected (t/yr)

Expected Incineration Amounnt (t/yr)

Rate of lmplementation (%)

700
810
1,700

0.1
400
89
255,500
240,170
9

Tablé 6.5-31 Hajor Componeﬁt of ‘Incineration Plant

1. Mechanical and Electrical Equipment:

& Steel Structure

-Weighbridge -30 ton Scale 2
-Receiving & Feeding Fquipment! -Pit & Crane Systen 1 lot
-Incinerator -Full contihﬂOuS'éﬁéfatinh; '
"HaSS4bdfhing with Water wall 3
-Waste Heat Boiler -Water Tube Boiler, .
Natural Circulation. -3
-Draft Equipment ~Forced & Induced Fan 3
~Stack - 1

-Turbine/Generator -Vacuum condensing Type 1.1
-Steam Condenser ~-Air-cooled Vacuun Condensing Tyvpe |- 1'iot
~Ash Extractor *Semi~wet Typé ‘ . 3 ]
-JDust Collector ~Electrostatic Precipitator

—HCl Eliminator -Injection of Lime-powdef.syStem

-Waste Water Treatment System | -pH, SS, BOD . 1 lot
-Feed Vater Treatment System | -Demineralizer 1 lot
-Electrical Equipment . 1 1ot
-Instruments and Controllers 1 lot
72. Civil and Building:
k-Area Required 2.2ha
~Incineration Plant Reinforced Concrete 5,000
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ii) -Operational cost, revenue and disposal cost per ton is given

in Table 6,.5-32

Table 6.5-32 Cost, Revenue and Unit Disposal Cost

Tten Annual Unit Price Annual Awmount
| : ' Quantity % X 16008/ Year
Operation Cost} ‘ :
" Han Power {60persons) 10,100 $/head | 607
Fuel 1 40 k1 0.47 $/1 18.8
Chemicals 1 lot - 810
Electricity '
~(Purchase)*2 - 525 Hwh 0.21 $/kuh 110.4
Vater 22,8005 0.524 3/nd 11.9
‘Sub Total 1,558.1
| Revenwe; | | T T 71 T T 7 7
Blectricity
(For Sale)#3 148,000 Muh 0.1025 $/kvh A4,920
Maintenance 3% of total
Repair Cost plant investment 4,117.2
_Eépggéiggio;m ] cigilngr§6§e;;s)mg “_I,iY5 o T
6,993
_ Hech(forl8years) 5,878
Total *4 ' '7,808.3
Anount of %5 )
Incineraﬁed Waste 240,170 tons
Waste Disposal Cost = *4/%§ 32.5 §/ton

{(Note) * 1, Fuel: The auxiliary fuel is required only when

to start each furnace.

Electricity (Purchase of power}: Purchase of

power 1s necessary during turbine shut duwn

. for maintenance purposes of the turbines,

* 3 Power{Sale of power): Purchase of power by National
Electricity board in calculated at daily avarage
unit price per hr,
the rate of: Peak Hour 08.00-18.003% 0.14/kwh

Off Peak Hour 18,00 -08.00350.05/kwh

* 2,
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Thus it can be seen in Table 6.5-32 that the revenue from salé of power
exceeds the necéssary expenditure of plant operational cost and the

sale of surplus energy can cover 80 % of the maintenance charges.

Theiincome from sale of power is eqﬁivalent to;éhout 44%_of the total
of maintenance cost and depreciation OE‘plént; This shows that there
is a big..avantage in ‘the power genérétibn SCheme':thfougﬁ_ eﬁerqy
reéovery of the incihe:a?ibn plant.,__(At_the:'étage.,:ﬁﬁweﬁeﬁr.the
repayment of loans for the plant construction and the interest

involved are not considered),
iii) Enérgy recovery effect.

The heat content of waste in converted to steam by waste'heat=boilér
and it is estimated abdut'14.7% of the eﬁergy' can be reéoVered and

" utilized.

Value this heat energy recovered corrésponds. to. the annual

savings of about 40,000kl of fuel,
iv) Volume reduétion eifect

The ash volume after incinerétion is rgduced_td.about'1/17 compéred to
direct disposal of raw refuse at'tﬁé'laﬁdfill site, the volume

reduction contiibutes much to the reducing the haulage costs.

after the addition of covéring_métefial-reqﬁiréd, the volume .of

incinerated ash would require:aboﬁt 1/10'bf the conventional landfill
method - of disposal site voiuﬁe. waever,.during overhaul period,
furnace shutdown and repaifing work are performed- that malfunctions
the ‘incineration of waste, direct disposal of raw féfﬁée is necessary,

Therefore, some landfill margin should be considered.

v, Other effects

~ Administrators, engineers and operation c¢rew having the reqguired

gualifications are necessary for the operation of the incineration
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plant,  this would create employment opportunities.

Through introduction of incineration plant, the pollution at
landfill sites can be eliminated and sanitary disposal is

possible.

Through introduction of incineration plant, the maintenance,
repairing and overhaul work are indispensable, which creates

development of high technology engineering in this field.

(6) Economics Evaluation Result
5-1 Master Plan Economics Evaluation of Incineration Facilities.
'The;conclusion of financial evaluation has shown that:

- ‘The repayméht of loans for incineration plant project is impossible
by only'reduéing the investment cost, so long as the growth of the
budget élloéation for. SWM is limited to the annual increase of 0.1

% .aceees Fig 6.5-12, a to c.

4'_The materialization of incineration project is more prospective if
the_inveétmént.cost can cover 80 % of the initial $150 million
ringgit estimate for the plant and that the annual budget_growth
for SWM iS 4.5 % ...... Fig. 6.5-12d.

- If grant of 25% the estimated incineration plant cost is allowed,
there are better chances of materializing the incineration
plant...... Fig 6.5-12e,

Thus in short, 3 factors governing the materialization of an

incineration plant in MPPP are as follwos;

% Réduced construction cost of incineration plant investment.
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* Favourable growth in budget allocation for SWM

* Availability of grant to subsidize the'investmént f0r"the-':
_'plant. _ | '

However, currently.grants from thé-deernment is most un1ikely_and it

has greyed the prospects of an’ incineration system in MPPP,

Therefbré, alternative plans:to-faCiIitéte the iﬁtroéu&ﬁion'of

incineration plant such as privatization will have to be examined,
- Through introduction of incineration plant,  the maintenance,

repairing and overhaul work are indispensable, which creates

development of high.techndlogy engineerihg ‘inthis field,
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(7) Privatization‘of Incineration Plant.

Tﬁe_high investment in construction and operatidns of an incineration
=-plant_has_already_been'discribed. - Owing to the financial limitations
Ebf the country and her states coupled with the loﬁ priority'given to

the:incineration system, compatéd to other governmental priorities,

privaﬁizihg ihé-ihcinaration piant is another option . that should be

consgidered,

However, detéiled exémination should be ca;fiéd out whether

privatiiationfand.private undertaking is feasible or not,

a.j Examples of successful privatization of incineration plants.
. The examples of successful privatization of intermédiéte waste
disposal facilities are described below.

i) Privatization of industrial waste disposal in' several
countries in Europe(eéspecially chemical or toxic waste
disposal)

ii) Power generation and heat supply activities.in Northern Europe.
iii) Power Qenera{ion and heat supply activities in the U.S.A.

b, The -reasons  for successful privatization of the above are as
follows.

‘Reasons - for successful privatization of industrial waste disposal :

- Due Lo difficulties.in disposal of industrial waste which require

reliable and safe facilities of disposal.

"= 8Specially designed centralized_treatment plant has proved

.adyantogOUS.froﬁ the cost savings aspects.

- Adequate and good tipping fees to cover the cost of disposal.
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Reason for successful privatization of energy sale:in Europe.

= The  ¢celd climatic coﬁditions boOsts the  heat, demanas.. _
With high ahnual.availability Qf the plant,‘héat'can be'constantly_

- provided.

Reasons for successful privatization of energy sale in USA.
- pue to propagation of disposer, etc., refuse calorie is high and the

power ‘generation 1is much.

- The refuse qﬁahtity is sufficiently adEQuate and due to.big plant

scale ., the scale merit is obtainable.

- Through favourable PURPA'regulations, the produ¢ed power is
purchased at sufficiently higher cost.. R '

‘(PURPA Regulation ... Public Utilities Regulatory Policies Act)
- Collection of tipping fee from the refuse is in guarahteéd.

- Incineration plant contractors are given special ‘incentives such at
financing at of low interest rates, rates  and & the reduction of
exemption in tax. Moreover, shorter depreciation period for energy

production facility is allowed.

- The consultants have emphasized on the qualifications of the

manufacturers and suppliers in procuring the facilities.

Therefore, it should be noted that there are significant differencés in

conditions and requirements set abroad compared’with_those in Malaysia,
In the Malaysian case however, similar condiéiohs to the above may not

be achived. ~Detailed study on the profitability in privatizing the

incineration plant is required.
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b, Problems of Privatization in USh,

rTheZpriVatization rate of incineration system in USA was rapid and very
progressive. The situation howéver has changed and seems to have

reachéd its turning point.

One Qf'the'main reasons for the decline in response to privatization of
incineration systems is the contract specification for the performance
guaranty of the plant for 20 years, The contractors are éubjected t0.
high risks if = there are social and environmental impécts resulting
" from the "plant: operatibn during the contract period. This is one

"-factor that had discouraged private sector participatioﬁ.

" BSince. 1986, when: PURPA and 6ther favorable Acts. were abolished, the
. management by private companies have been driven into dgifficulties and

the materialization of new plants have been retarded seriously.

Privatization_of incineration system differs greatly that those
priyétized in sbiid'waéte.collection_and haulage. Therefore, through
study should ‘be carried out to identify the differences between the two

mentioned systens,

c, Proposed measures to avoid irresponsible contractors.

_When: the incineration is privatized there should be no toleration in
planﬁ failure. The main reason to this is to protect the public from

any.impéCt due to the plant failure.

ﬁThe.ABC plan has indicated :the presence of a private contractor who
claims“that.disposal fee(tipping fee) is not necessary if they are
' allowed. to undertake incineration because the cost and expenses 1s
-compensated through revenue gained from sale of power generated from
':the plant This claim differs and contradicts current global practice

and in this case, the responsibility of eacn party involved should be

Cleafly be defined.
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Measure to intensify the'responsible undertaking by the contractors.

1) The performance bond is set 20 to 30 % higher'than'the_normal

case.,

2) The joint 11ab111ty company guaranfy system should be Jncluded in
the contracts If the contracter fﬂllb in the specified work, “the
joint liability company-who guarantles should be responsible: in

completion of the work.

3) If the works by the- contractor is unsatisfactory, the client 1is
entltled instruct the ‘joint surety: company to: undertake and
complete the unsatisfactory works by utilizing the surety bond or
the client maY-request-.othef-CODtractors“te'perform the works
with all costs being borne by the original contractera

1f the above conditione are included i the contract agreement of the
incineration plant management, irresponsible eontractors'caa be

omitted and sound operating plant can be delivered.
(8) Proposals in consolidating the introduction of incineration-plant.

a. Recommendation for stage plan
When dlff:cultles in. prlvatlzatlon are found in the lntroductlon of

incineration plant, the following Model Plant Plan is proposed.-

In the construction of an incideration-plant, it is advantageous to-
have a bigger scale plant in view of scale merlt. However, to have
an incineration plant that is capable of incinerating the total

guantity of waste generated 1nvolves h:qh initial investment cost.

Ffrom financial management aspect, the annhal expenditureVinelusive-of-
the repayment of loans would considerably be increased. Therefdfe;
it would not be a’good selection. _ _

However, if the present dependence on only 1andf111 is Contlnued, SWM'

“will face serious problems when there are no ‘more sultable landflll
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sites available.. Hence to overcome such problems, incineration is

necessary.

However, in order to secure smooth ogeration of incineration plant,
besides'from'the considerable training given to the operators, the
consolidation of the technical background'which makes the maintenance
and repair feasible, are also necessary. This technical know-how

requires considerable practice and time,

In relation to the above, initially, it would be better to beéin with
a Smaller capacity plant which is moderate in price and cffer a
practical scheme where the factors below could be easily monitored.

=~ Progress in the mastering of skillful plant operations

- Confirmation on the operational expenses and revenue

t

Tdentification and extraction of technical problems of the plant and

its ultimate solution to the problems.

Consclidation of the collection: and haulage system of waste generated.

After achieving satisfactory results of the factors above, additioﬁal
furnaces can be constructed through gradual increase in number of

furnaceé._ This would eventually reduce the landfill site required.

b. Propbsed‘First Stage Plan

The proposéd firstlstége'plan {Model Plant Plan), is aimed at
achieviﬁb satisfactory - results of the factors mentioned in (B8).a.
above'ahd can utilize the knowledge gained for future development of
the incineration plant.

The propbsed model plant is outlined below.

- Capécity=of plant is 200t/day, Zz4br operation system,

- Number of furnace: 2 sets.

-~ Small Scéle power generation facility suitable to the scheme,
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- Installation of minimum énti“pollution facilities and 'still comply

with environmental regulations.

~  Components of plant is simple. : _
The construction cost of the model incineration plant'(excluding-land

cost) is estimated approximately’ 32 million ringgit;

MPPP's Model Plant financial flow is shown  in' Fig.6.5-13.° The
calculation has taken inte consideration the construction cost of
landfill site, 'purchase of collection . vehicles, operational and

maihtenance costs, besides the initial investment on the plant}

Although the proposed model plant is. a miniaturefcompared‘to that
méntioned;in Alternative 1~A,.the investment,in'thé_mbdel-blanﬁ dbes
not result to financial shock. - This would make incineration a

possibility.

The modei_plant shall only. be capable'of inéineratinq'30% of 'waste
generated by 1995(490t/day). It is however impdrtént to cohsider that
the plant has been set up to assist in understénding and - gathering
yalueable' experierice in pfoper' incineration operations for the fﬁll

sized plant in the future,

Pig. 6.5-13 MPP's Model Plant Finangial Flor
{with 2.5% Budget Increase)’
$ Million
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c. The Extension Plan . -

The Extension Plan does not'alWays necessarily correspond to

the

increase in the guantity of waste generated but must have no

unreasonable financial burden,

The'Extension Timing should be determined carefully based on
‘standard achieved in practice and technical know-how listed below.

1. Masteridg -of the operation technigues and traning

operations engineer,

2. ‘Maintenance and management capabilities in the maintenance
repair qf apparatus, instrumentation and control equiﬁment in

plant,

the

for

and

the

3. Capabilities'in ovethaulling'(mastered through ltechnology transfer

and, shall be set up by the Malaysian side).

4. Widef avéilability of Local-made products of equivalent

superiority to -the original specification _that' are cheeper to

lower the cost of future plant developnment.

d. Precautions in the introduction of incineration plant

The precautions in the introduction of incineration plant are as

follows:

‘1. The appropriate planning should be performed by knowledgeable

consultant or experts in the incineration field,

. 2; The proper stage plan is suitable to the financial capacity.

;3. Only experiehced and knowledgeable manufacturers'are to be

selected through pre-qualification requirements,

4, Thorough educational and training programme are given to

‘operation engineers and crew.
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5. Fostering abilities in overhaulling the incineration plaht

facilities.:

6. Usage of more local made products that complies with
specifications should be encouraged to reduce -the cost of

plant,

7. Establishment of the piant'manageméﬁt,organizatibn:ahd source of
investment shbuld be secured.
{9) Summary
‘The introduction of_the incineration plant has been advocated in MPPP
because the MPPP has 1imited'1anafill'sites;énd‘thaﬁ-the environmental

integrity is especially important as a tourist city.

The incineration plant reguires high investment for construction,
operation and maintenance. Therefore, developing countries tend to be

discouraged in the introduction of the incineration system. :

However, the merits of incineration plnat are;
- It enables incineration of large quantity and wide varlety of waste

efficiently.
- Remarkable in volume reduction.

~ Sanitary disposal of organic substance and preservation of gobd

environment.

- The landfill by 1n01neratlon ash is stablllzed earller than
ordinary landfill. by garbage and the avallablllty of the reclalmed

land is hlgher.

‘Penang generates high colorie waste as descrlbed in sectlon (5).b. and
this makes it easy for incineration and produces much heat for
energy recovery. Thls is a favorable condltlon for the 1ntroductlon of

an incineration plant.
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Accotdingly, it should be a desirable for Penang to proceed. towards .
incineration considering the future increase in GNP {or GRDE) and

expected improvements in the financial standing.

‘The Final Report Shows.a Feasibility'study pased on the present
gituation, Therefore, the incinexation plant planning is not included
in'the.cqntenﬁs of.the:Feasibility Study. While-ﬁhe introduction of
the reduced scale Model Plant was described in this Report, it is
proposed that the Mala?sian side should continue their interests in

prospects of introducing incineration plant in the futere.
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6.5.6

(1)

{2)

Cost Analysis for an Incineration Plant
Cost apalysis of Alternative 1-a

The * cost analysis ' of nodifieq VQréionW'of 'Alternativé I w1th
incineration plant(i.a. Alternatlve 1-a for: ﬂPPP) is eatabllshed Lo

consider the possiblée cost reduction: on 1nLJnerat10n p]ant.'

The -economic sensitivity of this: alternatlve was’ detalled out in
Chapter 2 of Progress Report v A, Thls 'appendlx “is" to ~q1ve
technical support on the sensitivity analy31s dlscussed in’ Chapter

2. 'This appendlx contains the follow1ng dlscu5510ns.'-

i. Total Investment Cost of In01neratlon Plant in Alternatlve l A
ii, Crlterla of Cost Estlmatlon of In01neratlon Plant
iii, Cost Reductlon-w The Acceptable Level

iv. Further Cost. Reductlon .and Consequences
Total Coét of Incineration Plant {in Alternative 1-a)

a. The total investment cost of the 1n01nerat10n plant considerad

in Alternatlve 1-A is shown below:-

- Service Area ) HPPP
— Average amount of Wéste
"to be incinerated;: 700 tons/day (dally)
-, Plant Capacity: 810 tons ‘day
(3 units x 270 tons/day)“

- Estimated Investment Cost (x 1000}

Mechanical and

Electrical Equipment - . = $ 122,200
Civil and Building works 33,400

Total T s 155,600
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(3) Criteria of Cost Estimation of JIncineration Plant.

‘a.'The

‘

total estimated cost of 1n01neratlon plant (investment) is

calculated based on the follow1ng crlterlaS.

ii.

iii,

Civ.

b, In

'All"equipment and . incineration facilities are of the-  best

quallty and supplied by an established and top rank manufacture .

of incineration plant.

‘ALl raw materials and:equipment will- comply with the standarxds

.and  codes practised world wide such as B.S., DIM, ASME, JIS,

etc.
The electrical components, instrumentation and all automatic
control systems, etc are technélogically sound to meet the

requirments of the_yéar 2005. This will enhance safety and

‘suitable working condition for the operation crew.

The  anti-air pollution facilities will comply with  the
specifications below:— '

- Dust emission from stack: under 0.1 g/Nﬁ3

- HCI gas emission from stack: under 400 mg/Nm3
All plant equipment will have sufficient capacity to énable
continﬁous .Operation throughout the year for incineration of

waste that has 1700 Kcal/Kg calorific value.

thé cost'estimation of the incineration plant cohponents; "the

following conditions were also considered to substanciate the

savings in cost.

i,

ii.

iiiy

Componenet eguipment that are not available locally or cannot

be manufactured locally will have to be imported Such eguipment

"are normally expensive and there are no discounts or

reductionin prices.

Some parts of an equipment or material may have to  be

imported while the -remaining part of the eqguipment may be

forhished by local suppliers. In such ‘a case, savings or

frédﬁction in ¢ost of equipment is possible in the parts where
domestic made products are being installed.

-Eqﬁipment  or components of incineration plant that can be
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manufactured wholly by the domestic suppliers or mghufacturers
contributes the most significant savings Iin-'coét .of' the

incineration plant,

¢. Fig.6.5-14 shows the distribut;oﬁ of percentagé Of.cdmbonénts cost
of an incineration plan aVéiléble‘in_Malaysiéi{ Theselfigureéu-wére
obtained = after having considéredJPOSsibleaéost réductidns.for_ the
components. The composition of the pie chart_ianig;1~is_deééribed'

in the.'fo'llowing page.:
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18. 5%

14, 8%

2. 1%

Fig. 6.5-14 Components of incineration plant cost in Malaysia

'Receiving and Feeding Equipment

lStokef énd Furnace '
Waéte.ﬁeat Bdiler and its Accessories

Dfaught Equipment and Ash Discharger, Ash brane.
Turblne/Generator and Steam Condenser.

Antl pollutlon Bguipment, .

Piping and Mlscgllaneous.

Electrical Eguipment, Instrumentation and Automatic Controller.

- R R S B e N

Refuse Storage Pit, Concrete Basement Works and Incinerator
House Building.

10. Foundtion and Infrastructual Works,
(4) Cost Reduction ~ The Acceptable Level

Introductlon of 1n01neratlon plant requires economic considerations
such as its 1nvestment cost, operatlon and mdlntenance cost,
revenue from sale of recovored energy, f1nanc;al condltlon of the

| Munlclpallty Council, budget allocablon, avallablllty of subsidies

or loans, etc.
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In relation to.  the economic  considerations and the technical
requirments, . possibilities of reducing the cost of = incineration

plant are discussed here,.

The investment cost on the inéiheration plant for alternative .1fA
was derived ‘aftex having satlsfled all the conaitions for aéost
estimation’ and 1equ1rments expects expected from year  2005. -Thé
price or- cost derived from this method would he the master élaﬁ

price of the incineration plant.

Tot reduce_fhe cost of the aqééptable lévélamgans_sbme. changes in
Specificatibn_of the plant'ﬁas to be made'wiiaoat-saCrificing the
qualiﬁy of the incinératiop plaat (i.e,'héithef the plant.abilities'
nor exclusioﬁ of anti"poilﬁtidh faéilities will be affected by the

cost cutﬁing'measufe);

There are S possible wasy of reducing the cost of inbihé:atioﬁ

plant, which does not sacrifice the acceptable guality of plant. -

i. Simplification of ihatEUmentation'ahd'autométic=contiol sﬁstem.
ii. Simplificaﬁion of incineratdr buildihq'by exClusion “of 'less
| necessary WBlls,‘:adoptibn-df-an outdoor type ‘electrostatic

precipitator, etc. o - '
iii. wider use of selected refractory briks ‘which are préduéed
locally. . o
iv. Wider use of MaiaySian_made‘prdduats in 5biler'parts .and its
accessories, | . ' - _

v. Inc¢reasing the pércentage'éf'Malaysiaﬁ'made ”ﬁrbduéfs through
technology transfer and superv1s:on by forelgn experts, - The
stoker and its’ operatlng dev1ce constructlon is one eﬁamplé'
where the locals can partlclpate under an- experts 'supe?viaion

and also cut the cost.

1f a1l the cost cutting measures are utilizédsanGLSatiéfied;,'the'
price. of the incineration plant would be reducpd to about 80% Cof
the orlglnal 1nvestment. At this level it should be 'noted that

the quality:df'incineration plant is still acceptable with régards
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to the environmental conservation and regulation.

The probable rates of cost reduction are shown in Table. -
‘Further Cost Reduction and Consequencés

The  Study_ Team -does not recommend the adoption of any  of the
measures below, Aithough.the_ihitial price of incineration plant
may be reduced but the quality .of inbineration plant will
inevitably be lowerd and subjected to non-campliance environmental

‘quality requirements,

Methods - ‘of cost reduction and problems arising frqm_qualities of

plant due .to the cost cutting mesure are described below.
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Table 6.5-33 Probable rate of:cost reduction.

Ttems

Acceptable Cost
Reduction

{80 % of M/P Price)

Further Cost
. Reduction

(60 & M/P Price)

Simplification of

Instruméntation and

Automatic Control System -

Simplification of

Incinerator House etc.
Selected Use of Locally
‘made Bricks etc.

Wider Use of Malaysian

made Boiler'Parts

Licensed Manufacturing

of Combustion Equipent

Sub Total

4.4 %

3.2 %

18.9 %

Reduction of E.P
Efficiency

Exclusion of HCl-gas
Eliminator
Exclusion'of Noise
Countermeasure
Assemble of Cheapest
Wider Selection of

Manufacturers

Sub total

19.1 %

Grand total

38 % = 40 %

18.9 % = 20 % °
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i, liowering the electrostatic precipitator's efficiency  and
fincreasing the dust emission level from O.lq/Nm3 to  0.4g/Nm>
j(O.Qg/Nm3 is the legal permissible 1limits set by the

Government ), | ' _

" The problem accampanying tﬁis measure is the possibility of
visible ' stack emission (visible smoke)  which may be
‘objectionable to the surrdunding residents.

ii. Exclusion of HCl gas removal equipment to reduce investment
cost, ' '
The eéxclusion of this equipment may result to non—compliance'of
the legal” standards of Environmental Quality (Clean Air)

“Regulations 1978 i.e. HCl gas emission shall be less than 400
: mg/Nm3. .

~iii. Exclusion of noise protectioh measure if sufficiently wide land
is ;. available - to buffer the noise generated from 'the
incineration plant. ' '

“The  crew however, will have to work under servér noise level
éondition.

.iQ. Sélection and assembling. of the cheapest equipment is the
easiest way to obtain the cheapest plant.

- The above measure would involve many different component
manufacturers resulting to the problems listed below.

—_Difficulties in operation and maintenance work because many
different operatioh and maintenance procedure will.have to
be observed.

4'M5ny different kinds of spare parts will have to be stocked.
‘Management. and proper detail records of all stocks shall
have to be kept,

-~ For overhaul works, simultaneous service from all the
.different manufacturers durihg the specified overhaul period
may not be obtainable and ohserving the stipulated overhaul
échedule may be difficult. ' .

:'v; widér choice of selection on type of incinerator plant. Such as

the: jntroduction of modular furnace may signify the cost

- reduction.
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ﬂowever, the adoptioh of modular fuihace-raquiresatho,folloWing
consideratioﬁs:—-“ .‘i _ '

-~ 'fo avoid fluctuation of furnance temperature,'mofe fuel will
be requied under normal. operation of the modular furnace.

- Bfficiency of energy recovery in the modular furnace system
1s ubually lower than that of Mass Burnlng furnace. _ -

~ Volume reduction rate (£xrom waste Lo ash) 1s usually low due_
to imperfect combustion. - RO '

- Generally, the modqlar furnace capacity of each unit. is
limited ~up.to 100;tohs/day. Therefore, Lo incinerate waste
of more than the unit'capaoity,sevéral__inciheration Units
have. to ‘be. iostalléd into__Oné::plant.x .Maintenance_ and
operation will be mo:e.diffioult;beéaUSe it  invo1ves more.

: difficult,:becoase it  invoves more';ﬁumber' of'ffurnaoes;
Cdnséquentiy,.the crew required for oparaﬁion may also'_havé,
to be 1ncreased. : | B o _ o
It should be. stressed here that the plant cost would widely
depending on the quallty and rellablllty of the planta
manufacturers partlolpatlng in the.. blddtng.,. -
Therefore, -~ an open. tender . system w1thout any pre—
qualification set by'a.qualified-consultant_:muat not  be

encouraged.
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6.6 Final Disposal

6.6.1 _Sélectibn of System Components
'(l)_Syéteﬁ_AIternatives

In conSideratibn'of‘the_system alternatives of final disposal, the following three

‘aspects are to be considered

" a. lLocatioen and number of final disposal sites.
) L0cétidﬁ'and_npmber of final disposal siteés are discussed 'in the chapter 3.
Th_'ro'ugh'the site selection, the location and number of final disposal sites are

_determingd‘és‘the candidate sites for the Haster Plan alternatives study.
b, Heans of final disposal.
The means of final'd19posal are classified into the followings ;

~ Qpen dumping
- Cont:ol tibping

- Saﬂitary landfill

A:Séhité£§ iaﬁdfili shbﬁlﬂ'be used as the means of final‘disposal. A sanifary.land-
fill h;s'prSVed'to.be the most economiqal and acceptable method for the disposal of
solld wastes. The ternm sanitary iandfill means an operation in which the vastes to
"__he dlsposed of are compacted and covered wlth a layer of soil at the end of each
fday s operatlon. When the dlsposal ‘site has reached 1ts ultlmdte .capacity — that
is, after -all disposal operatlons have been conpleted — a final layer of 80cm or
'more of cover materlal is applled (pen dumping and control tipping, as distin-
rzigulshed from sanltary Jandfilling, are used in the country, but is no longer an

: acceptable’means of land disposal from an aesthetic, en91ronmenta] or sanlta[y

':=sténdpoint,;

“The advantageé df.sanitafy landfills are shown below.
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]

Where land is available, a sanitary landfill is usually the most economical method
of selid waste disgposal.

The initial investment is low compared with other disposal'méthods, such as
composting and incineratiomn.

A sanitary landfill is a complete or final disposal method as compared to incine~

ration and composting which require additional treatment or disposal operations

for residue, quenching water, unusable materials, etc.’

A sanitary léndfill-can receive all types of solid éastes, eliminating the

necessity of separate collections.,

A sanitary landfill is flexible ; increased duantities of solid wastes can be

disposed of with little additional personnel and equipment,

Submarginal land may be reclaimed for use as parking 1o£s,,playgrounds, golf

‘courses, botanical garden, etc.

. Recovery of methane gas

As the price of fuel gas is cheap and demand for heat is small'iﬁ'fhe viciﬁity of

candidate sites, it is excluded from the technical systems considered,

(D)

Selection of Candidéte Sites

After the evaluation of the 13 potential sites for final_dispbsal,=the follduing 3
candidate sites are selected. These are scréened through the alternative study for

the Master Plan, Then finally, some of it will be selected as.the final disposal .

sites,

- Pantai Acheh in HPPP

- Kuala Muda in PSP

~- Pulau Burong in MPSP



6.6.2 Preliminary Design of Disposal Sites

(1) Planning Procedure
a. Planning flow

In order to plan a disposal site at the Master Plan Stage, a planning flov is

illustrated in Fig. 6.6;1..
b. Considerations for planning

In the application of above-mentioned planning flow, the folloving items are to be

considered
i'. Study on wastes to be disposed

- Waste quality {types of wvastes)
~ Unit welghts of vastes

~ Calculation of disposal amount
jii. Study on condition of sites

In the study of conditions of the disposal sites, the following items are to be

considered vith regards to the sites,

" () Haul distance from main vaste generation area
@ Availablé land area
(3 Soil conditicns and topography
@ Avaiiébility of cover soil
® Cliﬁafologic conaitions
.C) Suffaée;éqter hydrology
C):G;oldgic aﬁd hydrogeolegic conditions
® Local.envirohmental conditions
g @D_Ultihate_uses
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Fig. 6 .6-1 Planning Flow of.Dispbsal Site . -

i. Study on Wastes to be Disposed

|

ii. Study on Conditions of Site

i’

i, Design of Landfill _ W Plan

Oberation.& Haihténance"'f

v, Calculation of Bill of Quantity

vi, Cost Estimation
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iii. Design of landfill

Among: the important factors that must be considered in this stage are the

folloving .3 -

p Types: of wastes that must be handled

- Landfill volume

~And ﬁhe fatilities vhich are needed to be preliminarily designed at this stage are

~as follows ;

- Site preparation works

- Access -

—'Enélosing structures
--Eﬁ&irénmeﬁtal prevenﬁion measures
-_Léachafe colléction and treatument
."'Drainége and ground water protection
- Gés removal

—iﬁdminist;ation'and inspection

- Basic utilities
iv. Operation and maintenance plan

- Operation plan
':.days and houfs of operations
ol dod15posal

o fecévery gf'gas'
 :fco§ér matefials |

- E§uibmeﬁt requiremeﬁté

"= Personnel requirements
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- v, Caleulation. of bill of quantity.

Based on the desing of landfill,-operation and maintenancé'plan; bill-éf
quantity of each site for each alternatlva is calculated in regards to the
followlngs, . |

- civil and méchanical works

- equipment required

- personnel, utilities, fuel, covering_materials:and'maintenance,accessories

vi, Cost estimation

Cost estimation are derlved based on the calculated quantltles and the -

scheduled rates obtalned during the study.
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(2) Prelininary Design of Fach Landfill

a. Study on vaste to be disposed

3 Types of vastes -

In

_Qtder to calculate wastes amount to be disposed in terms of volume

landfill volume), types of waste are élaésifjed inté.the folloving -

categories, -

@

Hunlclpal vaste wlthout treatment

ThlS category of Laste 1nclude all coun01ls - collected waste and

carried-in waste from the private sector.

:()

Dlrect haul vastes

ThlS uastes 1nc1ude some of carrled in wastes from the private sector and

they are 1ncombust1ble like constructlon demolltlons.

O vastes

' These uastes are the same as mun1c1pal vastes’ wlthout treatment In the

1ntroduct10n of 1nc1nerat10n plants, there w111 be "overhaul” perlods for

malntenance purposes.- During these periods, some incoming kaste shall

.__not be able to be incinerated and are directly disposed of to the

disposai sites vithout any treatment. These kind of waste is known as OH

-waste,

Résiﬂues

After the combustlon, the 1n01nerat10n plaﬁts produce some amount of ash

' 1nclud1ng some 1ncombust1ble wastes. Those are called as the residues.

ii. Treatment and disposal amount

: Accérding to fhe collection plan, the treatment and_disposal amount per day

for each facility in'eabh alternative is calculated belov,
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— Alt.] Independent Disposal -~ Pirect Haulage'-

® MPPP o

1990

PADS 446.0
@ MPSP

1980

KMD S 147.5

PBDS 169,65

1992

483.2

1992
168.1

- 196.9

— Alt.? Independent Disposal -

'@ Transfer Station

1990

MPPP _

JMTS 408.9

MPSP

MMTS 229,1
& ¥Final Disposal

' 1990

HPPP : ‘

PADS 446,0

HPSP o

KMD'S 53.9

PBDS 763.1

1992

442.1

260.7

1992

483.2

62,5

302.6

1995

539.0

1995
188.1

238.0 -

Introduction of Tfénsfer Station

1995
491.9

308.1

1995

539. 0

75.3
361.8

2000

644.3

2000
252,17
298.1

2000

582,72

381.4

9000

£44.3

99,2
451,86

2005
7700

2005

a4
" 368.0

2005

686.4 -

462.2

2005

- 770.0

126.7
552.7 -

Year

ton/day

Year
ton/day

ton/day

Year

“ton/day

ton/day

Year

ton/day

ton/day
ton/day

— Alt.3 Independant Disposal - Introduction of Incineration Plant

® Transfer:Station
1990

MPPP -
TS 29.2

1992

31.1

14995

34,0

2000

38.4

2005

441

“Year

.:tohfday'



@ Incineration Plant

1990 1992 1895
CHPPP. - : '
FTZIp 381.0 412.8 460.5
- MPSP o
PICIP  250.7  291,1 351.8

.Cj'Fiﬁél'Disposal o

1980 1992 1995
MPPP _ | '

PADS 110.7  118.9  133.8
Residues . 45,7 49,5 . 55.3
0N waste 24.3 6.3 29.4
| Direct Haul 40.7 441 49,1

HPSP o -
PBDS 96.4 108.8  127.5
CResidues  30.1 3.8 47.2
OHwaste 16.0 18.6 22.5
50.3 55.3°  62.8

" Direct Haul 50,

—  Alt.4 Intéfmunicipal.Disposal'j Direct

@ Final Disposal R
| 1880 - 1992 - 1995

CKMDS 147.5  168.1  199.1

PBDS 615.5 680.1  777.0

2000
550.5

444 .6

Haulagg

2000
252,17
- 942.4

2005

£57.6

549.3

2005

191,3 ~

78.8

42,0 -
0.4

195.6
66.0
35.1
94,5

2005
311.4

1138.0

Yeaf.
ton/day

ton/day

Year

ton/day
ton/day
ton/day

. ton/day

ton/day
ton/day
ton/day
ton/day

Year
ton/day
tdn/dé&

- Aif,S Intefmunicipal Pisposal - Introduction of Transfer Station for

Hotor Vehicles

(3 Transfer:Station

| 1990 1992 1995
CBRrs 29.2 - 31.1 34.0

‘IMTS  416.8 4521 505.0

2000

38.4
605.9

2005

44,1
726.0

Year

“ton/day
ton/day



@ Final Disposal : : : R 3
1690 1892 . 1985 2000 2005 Year

KMD S 1475 1681  189.1 2527 - 3114 ton/day
PBDS 6155  680.1  777.0  942.4 . 1138.0  ton/day

- Alt.6 Intermunicipal Disposal - Introduction of Transfer Station for

Ocean-going Vessels

@ Transfer Station o R R
1930 1982 1995 2000 2005  Yeasr

MPPP _ o . NP
BPTS 29.2 3.1 34,0 38.4  44.1  ton/day
FTZTS -~ 446.0  483.27  533.0 6443  770.0  ton/day
HPSP - S | .
MMTS 229.1  260.7  308.1  381.4  462.2  ton/day
@ Final Biépbsal _ | _ . o
1990 1892 1995 2000 2005 Year -
KMDS 53.9 62.9 75.3 . 99.2 126.7  ton/day

PBDS 708.1 785.8 . 900.8 . 1095.9 1322.7  ton/day

— AJt.7 Intermunicipal Disposal - Introduction of Tncineration Plant |

D Transfer Station _ o S
' 1990 1992 1985 2000 2005 Year

¥PPP : N '
BPTS 29.2 31.1 34.0 ~  38.4 44,1 ton/day

& Incineratien Plant

1990 1992 1995 2000 2005 - Year
MPPP L o
FTZI1P 381.0 412.8  460.5-  550.5 ~ 657.6 . ton/day
HPSP | e SEVE
PICIP 250.7 . 291.1 . 351.8 4446 549.8 - ton/day

@ Final Disposal _ : _ _ o

1990 1992 1995 2000 2005  Year
HPSP , ' N U TSI
PBDS $207.1 228.8 261.3  319.5  386.3  ton/day

Residues 75.8 84.5 97.5  119.5. 144.9 - ton/day.
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OH waste 40,3 44.9 5.8~ 83.5 - 77.1 ' ton/day
. Direct Haul 91.0 99.4  111.9 136.6  164.9  ton/day

S A . _Intermunipipal Treatment and Disposal - Introduction of

_ .Incineration'Plant

.G) Transfer Station _
1990 1992 1995 2000 2005  Year

MPPP | _
BPTS . 202 311 - 340 38.4 44,1 ton/day

@ Incineration Plant | -
| 1990 1992 1995 2000 2005 Year

o wpsp L : - -
PICIP 658.6  733.9  846.9  1037.4  1258.8  ton/day

@ Final Disposal | | |
SSRTO 1880 1897 1995 2000 2005 Year

~ PBDS 183.4 2024 230.8  282.7 3417  ton/day
' Residues ~~  79.0° 88.0 101.6 124.5 151.1  ton/day
. OH vaste - 13.4 15,0 17.3 1,2 25.7 ton/day

* Direct Haul  91.00  99.4  111.8  136.5  164.9  ton/day

ﬁi, Cumulatiﬁe.disgosal ampount and volume
. Based dﬁ the:a5pve'caléulétion, the cumelative disposal“amﬁunt and
volume for each disposal site in each alternative is calculated below in
- Table §.6-1."- Tﬁe finai densiiy of solid wastes placed in a landfill
t::. vafiéS'vifh=tﬁé_que of 6peration of'the laﬂdfill; the compactability of
" the ihdiéidual‘éolid vaste components, and the percentage distribution
6f_the components, The types of Uasfes that must be handled have been
'ciéssified in 6.6.2.(2).a.i. The final density of each type of solid
:wéstés ﬁlaced in a landfill, the unit weight pf sach type of waste is

 decided as follows;

..t)fHﬁniCipal vastes without treatment; 0.8 ton/m
Qafbifeﬁt'haul wastes; 0.8 ton/m
" ® Oft vastes; 0.8 ton/rd
- ) Residues: 1.2 ton/m
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b. Conditions of candidate site

The conditions for the planning of each candidate site are described and tabulated

in Table 6 .6-2,
c. Design of Landfill
i . Landfill volume

Based on the cumulative diépoéal amount, volume and conditions of each éandidate
site, the Jandfill volume of each candidate site for each alternative is o

caleulated and tabulated in Table 6.6-3.
The items in the table, are described as follows;

(@ Total disposal amount
Based on the:Tableli.B—i, total disposal amount from yearilggﬁ, when the site
vill start operation, to vear 2005 is calculated. Municipal vastes here

include municipal waste without treatment, direct haul wastes and OH vastes,

@ Tolal disposal volume
Total disposal volume is calculated using formula;

oV

]

oA + 0.8 (ton/rd) + RA + 1.2 (ton/rd)
TDV. 3 Total Disposal Volumg. |
HW\ ! Municipal Waste Améunt

R4 ; Residue Amount

&) Required area for facilities
| A site development plén.for eacﬁ candidéte sité is.made and shown in:Fig;.
.6.6—2, -3, -4, -5 and -6, As sﬁown-is the fiéures,'tﬁe-area.fof.the_::
following facilities is réquired. |
= Bund and operation facilities
- Buffer zone and others
- (xidation bbnd
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Table 6.6-2 Conditions of Candidate Sites for Final Disposal

HjH\\\\\\“\a\x;\ffte
Ttems :

MPPP

HPSP

Pantai ‘Acheh

Kﬂala Huda_

(D). Haul distance3froq

tion éfea-(km}

main waste genera-{ -

35.0_'

{from Georgetown)

20.0
(from Buttervorth)

Pulau Burong

35.0
(from Buttervorth)

( Avajlable land

area_(ha)

85.0

more than 78.0

‘more than 35.0

@ Soil éonditions

and topography

Silty cla? and

lowlying warsh

Silty sand and

“lowlying marsh

Silty clay end

lovlying marsh

@ Availability of

cover soil

-study

Availability shall be

checked in subsequent

Availability shall be
checked in subsequent

study

Availability shall b
checked in subsequent]

study

C):Climatology

conditions

~ Subsequent study

Subsequent sfudy

Subsequent sfudy

G?ISurfacé-vater

_ hydrology

Part of larger drai-
nage catchment and

plain land

Part of larger drai-
nage catchment and

plain land

Independant catchaent

area and plain land

(D Geologic and
hyardgeologic

‘conditions

' seil (clay and silt).

consolidated soil, -

Quaternary alluvial
Ground water in un-

Alluvium: consisting
of loose clayey-sandyl
-gravelly depasité
generally'bordering.
foothills of high-
1énds commbnly of

limited thickness.

Quaterngfy-alluvial
soil (clay and silt).
Ground water in un-
consolidated soil.
Alluﬁiﬁm: essentially
of_looﬁe clayey-sandyl
-gravelly deposits
generally along the
cdastal plains, com-
monly of extensive

thickness.

Quaternary alluvial
soil {clay and silt).

Ground wvater in un-

| consolidated ‘soil.

Allu&ium; essentially
of ‘Toose clayey-sandy
~gravelly depoéits
generally along the
coastal plains, com—
monly of extensive

thickness.

18 Local environmen-

tal conditions

'Auay.from both Tesi-

' dential and indust-

rial development

areas,

In close proximity td

residential area

Avay from both resi-
dential and indust~
rial development

areas,

Subsequent study

Subsequent study

o ) Ultimate uses

Subsequent study !
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Subsequently, the effective disposal area com§s_from the subfractioh‘of areas
required for the above-tientioned three Tacilities from the available land -

area,

@ Landfill'vblumé for vaste
.Ba$ed on the effective ares, landfiii volume for wastes is calcﬂlatéd'in the -
folléwing ménneré; | |
- Bach wount is 5a in height.
- Volume for cover materials:is 0% of total landfill capacity._ 
- Based on ghe abové4menti0ned assumptioéi land£ill volume of thé first
mount js calculated. |
- Subsequently, landfill volume of the second mount is calculated based on 5 
the 10% reduced area of the effectlve dlsposal area for the first mount
- The landflll_volume of the succeedlng mount is calculated_byzthe same

manner above-mentioned,

® Requ1red height for disposal by year 2005
In order to flnd out reclalmed helght for flnal dlsposal by the year 2003,

requ1red height is calculated based on total dlSpOSal volume
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1. Design of faclilities

The facilities which are needed to be preliminarily designed at this stage are

as.followé;

~ Site preparation works
- Access

ST Enélosing étructures
-~ Eﬁvironmentél prevention measures
- Leachéte collection and treatment
- Drainage and ground vater protection
~ Gas removal
~ Administration and inspection

- Basic utilities

The considerations for the design of the above-mentioned facilities.at this

stage is described belov,

.C).Site pfeparation vorks
Cleéhing works of the sit; such as clearing, and grubsing.
@ Acées? |
' Paved'all~weather access roads to landfill site and on-site roads to-
ﬁnloéding area are considered.
® Eﬁclosing structures
Bund aﬁd embahkment are considered.
C}.Ehvironméntal prevention measures
Buffer zdne, fence, gate and car wash.are considered.
® Leachate collectioﬁ_and treatment

.Leachate collection pipe and oxidation pond for leachate treatsent are

considered.
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® Drainage and groundvater protection
Installation of drainage canals to divert surface water runoff and:
sealants by clay are considered.

@ Gas reﬁoVal
Gas remdval facilities are considered;

@® Administration and inspection

Building including employee facilities and weighbridge are considered.

d. Operation and maintenance plan

The considerations for the operation and maintenance plan at this stage is described

below,

(D Dperation plan
Basically, usual practice is 7 days/veek aﬁd 7 hdﬁfﬁ/day.
Neither co-disposal of sludges nor the:rebovefy.of gas is considered..-
Cover materials are considered to be imported af this stage aﬁd ékaminatibn of
availability of cover materials at the site wiil be éfﬁdiéd at tﬁe feasibility

study stage.

(® Personnel requirements

Personnel required for the operation of the site is considered.

(@ Bquipment requirements for landfill
Based on the peak disposal amount per day, which includes cover materials, land-
£ill equipment requirements are calculated,

e, Calculation of bill of quantity

Based on the design of landfill, operation and maihtenénce plan, bill of quantity'pf

each site for each alternative is calculated,
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g. Cost Estimation

After the calculation of bill of quantity, cost estimation is done based on

construction price data collected,

(3). Outline of Bach Disposal Sites

Baéed on the pfeliminary design, the outline of each disposal site is summarized and

‘tabulatéd in Table 6.6-4.
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