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Abstract

The solid waste management is getting very critical in Malaysia as the present landfill practice does not
resolve the ever-growing amount of Municipal Solid Waste (MSW) generated especially in the urban
areas. As such, the Government of Malaysia has decided to adopt thermal treatment method, in
particular the gasification technology, due to superior emission control to solve this problem.
The gasification technology is, however, very new, emerging, costly and fully imported. Upon
realizing this, a simpler fixed bed gasification plant, called the Thermal Oxidation Plant (TOP), was
acquired and installed in MINT, aimed at assessing the technology to be applied for MSW treatment
The performance, especially the emission, of this plant was examined and found to be very good.
However, one of the weaknesses noted is on the level of HCl emitted, which at times exceeded the
emission standard A suggestion was made to improve this by Co-Combusting MSW with Malaysia Oil
Palm Shell (MOPS), since the charcoal derived from MOPS is believed to be able to adsorb acidic
gases in situ at the prevailing furnace condition. Early result shows some promise, especially the
development of porosity in the charcoal derived from MOPS.
(Keywords: Co-Combustion; Emission; Gasification; Malaysian Oil Palm Shell; Municipal Solid
Waste; Thermal Oxidation Plant)

Introduction

The average per capita generation of MSW in Malaysia ranges from 0.5 - 0.8 kg/day/person [1]. Thus,
with a current population of 20 million, it could be deduced that the total waste generated per day
might range from 10,000 - 16,000 t/day. For Kuala Lumpur alone, the waste production exceeds 2500
t/day and projected to be further increased [12]. Present disposal method of landfill in getting very
limited due to unhealthy landscape, limited disposal site and bad environmental impact. Therefore, an
alternative waste management technology is urgently needed. The Government of Malaysia has
suggested the use of thermal treatment technology to partly resolve this issue [12]. There is a general
tendency for the government to go for gasification technology as a preferred technology due to its
inherent superior emission control. Most of the existing and near-commercial gasification technology
are, however, of high throughput and fully imported, thus are very expensive. On the other hand,
smaller plant that suits scattered remote and small municipalities does not exist Therefore, there is a
need for smaller plants to serve these municipalities. A small plant that meet these criteria called
Thermal Oxidation Plant (T.O.P) was installed in MINT in 1997. The project is an R & D joint
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Conclusion

Based on the results obtained, dosesof gamma irradiation ranging between 300-400 Gy may be applied as
a quarantine treatment for Tetranycwpiercie. However, this dose range is only suitable for chrysanthemum
(in sucrose solution) but not roses, carnations and orchids which are sensitive to radiation treatment.
Radiation dose of 240 Gy is sufficient to induce sterility in female adult and prevent reproduction of mite.
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venture between Chain Cycle Sdn. Bhd. (the plant owner) and MINT, (the main R & D supporter) to
study the feasibility of using it to treat Malaysian MSW.
The project was funded by Industrial Grant Scheme, worm USD 180, 000, with the main objective of
assessing the technology to be applied for me treatment of the above waste while researching into the
possibility of improvising it, whenever required, to suit the environmental challenges. The first two
years saw the establishment of the baseline plant performance in burning MSW. Both the emission and
operational parameters were collected and learned.
As the plant is very new, a question of operational track record at a commercial scale is not available.
As such, the Malaysian Government has agreed to build a trial commercial plant, having capacity of
about 40t/day, in Labuan and 50 t/day in SentuL, Kuala Lumpur. On the other hand, from the emission
result, it was found that HC1 and mercury emission inconsistently exceeds the emission standard
adopted in Malaysia. As such a laboratory scale-second generation T O P is developed, especially to
control HC1 emission by co-combusting the MSW with MOPS.
This report will review and discuss the T O P . performance and compare it with the suggested
Malaysian Standard. A brief account is made on the progress of the co-combustion studies.

Description off the TOP Process

The Thermal Oxidation plant has a nominal capacity of 2 tons per day of unsorted municipal solid
waste. The system is located at the Malaysian Institute of Nuclear Technology Research (MINT) in
Bangi/32 kms from the city of Kuala Lumpur. The system consists of a primary gasification chamber
where the waste is batch loaded. This chamber is approximately 2.43m in wide and 3.65m long. The
MSW is loaded through a top opening in the chamber without preparation other than separating large,
incombustible items such as a washing machine, etc. A LPG gas burner ignites the contents of this
chamber in the initial phase of operation.
Once combustion is under way, the primary chamber is operated in an air-starved mode. Gaseous
products of oxidation reaction in this cell are vented through a duct, which is approximately 0.913m
square, and 3.04m in length into the secondary gas-processing unit. There is a short section of reduced
diameter at the entrance to the gas-processing unit called the choke ring. There, turbulent atmospheric
air is introduced to oxygenate the gas and provide mixing turbulence. The secondary gas-processing
unit has two array burners where LPG is introduced to act as a pilot light to ignite the gas product from
the primary, or modulate the secondary internal temperature. The secondary chamber is approximately
square and about 3.65m long. At the end of the secondary processor there is a 90° sweep of 1.22m in
diameter adjoining an exhaust stack. The stack is 7.91m in height measured from the stack transition
to the top of the stack. Sample pott for stack testing is located 3.04m from the top of the stack.
When the gasification is near completion, the primary chamber is operated in an excess air mode to
incinerate all of the small, residual char in a shorter time. A typical burn, including cool down and ash
removal lasted about 1 2 - 1 6 hours. The ash could also have been allowed to accumulate between
burns, and then removed after a series of burns.
There are three thermocouples in the primary gasification cell and three thermocouples in the
secondary gas-processing unit, which provide a continuous record of temperatures for each burn.
Other sensing and monitoring devices in the primary and secondary chambers also provide a history of
air introduction, control valve activity, burner information, internal oxygen, carbon monoxide, and
sulfur dioxide levels [6].
The emission tests were done following USEPA methods as described further in Reference [15].



TOP Performance and General Observation

The Malaysian MSW shows characteristically high moisture content (44 - 60 %) [2,3,4,5] compared to
say, U.K. MSW (33%) [7]. This high moisture content affect the ramp up time for the primary
combustion chamber to reach optimum operating temperature of about 400°C. This ramp up time is
almost 4 hours, compared to the design value of 2 hours [6]. This lengthening of ramp up time also
may consumed more supplementary fuel although to date, no data was collected to demonstrate this
argument. The cycle time thus also increased, from 12 hrs in the initial design estimate to 14-16 hours.
This lengthening of process time, is however does not hinder the functioning of the plant It also does
not affect (he ash, as well as gas emission, although there is a set back in the processing rate. The fuel
consumption might be a little higher during start up but does not affect after attaining the steady
temperature, as the system is authothermic.
The control of primary chamber temperature is of paramount importance for optimum emission
control. It was learned that the positive air leak control was necessary to achieve this, by sealing all the
potential leak points and modifying the ash conveyor so that reasonable air tightness was obtained Air
tightness also is very crucial in controlling fugitive emission as a result of intermittent over
pressurization of the chamber. Present experience of operating TOP has enabled us to overcome these
issues. Alternatively in order to further protect from fugitive emission, a provision could be designed to
scavenge the gas mat leaks out of the chamber.

Table 1.0: TOP Emission Result (@ 11%
Pollutants
Paniculate (mg/Nm3)
CO (mg/Nm3)
NOx (mg/NmJ)
SOx (mg/Nm3)
HC1 (mg/Nm3)
Heavy Metals (ug/Nm3)

Arsenic( As)
Mercury (Hg)
Cadmium (Cd)
Chromium (Cr)
Copper (Cu)
Lead <Pb)
Dioxin/Furan TEQ, ug/Nm3)

Testl
5.94
N.D

123 (Max)
53 (Max)

189.3

0J75
19.97

<0.001
<0.001
<0.001
0.098

21.8856

O2, Dry Content)
Testn
9.944
N.D

20.27-71.59

<0.229
890.3

-
<0-01

-
-
-

Test III
4.896
N.D

372.2

<0.437
86.17

-
<0.005

-
-
-

Currently, the plant is operated under natural draft condition. We envisaged that forced draft system
might be required in the future to allow the installation of flue gas treatment system to further enhance
the present performance as well as to facilitate positive control of the chamber temperature. This idea
is now under investigation.



TOP Emission

The result of the emission test is depicted in Table 1.0 below. Table 2.0 shows a compart son between
this emission with Malaysian Standard whereas Table 3.0 shows a comparisons of this emission with
that of raw gas from mass burn incinerators in United Kingdom [9]. From these comparisons, it is clear
that the emission from TOP is very good.
On overall when burning MSW, the plant was able to perform within most standards for participate,
including that of EC and USEPA. This low particulate emission is typical for starved air incinerator
[7] where the primary chamber is operated in quiescent condition. Obviously on this pretext, the plant
does not need any parti cu I ate arrester / fi Iteration system.
With regard to heavy metals, only Test 1 investigated a full range of heavy metals whereas for Test II
and III, only certain metals were tested. The variation in the metal emission depends on waste loaded
and the operating temperature in the primary chamber [7]. This can be noted in the levels of mercury
emitted - Test 1 was operated at a lower temperature (~35O°C) compared to Test II (>400°C), thus
mercury level is lower for the former. However, the variation could have been due to sampling done at
different stage of the process where mercury volatilization varies with time as most metals do exhibit
this behavior [8][10]. These phenomena however till now not demonstrated to substantiate this claim.
Notwithstanding the above argument, metal emission for Test 1 does conform to most standards.
Therefore, it is imperative that this plant should be operated at an optimum condition typical to that
established during this experimentation to achieve very low metal emission even without using
scrubbers. A positive temperature consols therefore should be designed to prevent mal-operation by
plant operators.
The HC1 emission from this plant is also very low ranging from 20.27 - 372.2 mg/Nm3 compared to
normal incinerators not equipped with acid scrubbers [7]. The highest value of chloride from Test III
was actually obtained during the first operation of the plant During this test, the plant was not
properly optimized with respect to primary chamber temperature. Due to the nature of the process, the
relatively higher chloride levels can be attributed primarily, to the high concentrations of certain
plastics in the loads and the temperature of the primary chamber. Our experience shows that, below
400°C, the chloride emission is low as indicated by Test I and II. The possible explanation may be due
to the role of carbon adsorption of chlorine and or reaction with ash material to form a relatively stable
chloride at low temperature [6][11]. The reference [6] showed that up to 72% of HC1 was retained in
the ash as stable chloride when tested with US MSW. However, further investigation is warranted to
reveal this phenomenon.
The result of Test I actually was obtained from the optimum operating condition of TOP (Temp =
300°C) with extra 10% plastic. Even under such condition, the HCi emission level is relatively low
compared to untreated flue gas, say for clinical waste incinerator [7]. ]. Further chlorine mass balance
however, not yet done. Thus, we anticipate that upon optimizing TOP operation, HCI emission can be
lowered. However, to conform to stricter regulation, further enhancement is required.
Due to the novel design of TOP secondary chamber, the amount of CO emitted is very small such that
the gas analyzer (I MR 2800) did not detect any value. These phenomena demonstrate the excellent
furnace design featured by TOP. The NOX level is also very low (max. 123 mg/Nm3) which could
easily meet most standards. Likewise, the SO2 level is also very low and of no significance.
The level of dtoxin/furan tested for Test 1 shows a very encouraging result (0.022 ng^NmJ), which
meet most existing incinerator standards. Considering low CO emission normally corresponds to low
dioxin level [12], it is believed that the ahove result is trustworthy. A rigorous studies done in the USA



showed the same excellent result [Chain Cycle, cited by MAB Consultant, 2000]. However, we are
very cautious about this result as the test was done on a single test run. Further tests are warranted

Table 2.0: Comparison of TOP Emission to Malaysian Emission Standards
(rag/Nm3) @ 11% O2 Dry Content

Pollutant

DUST

METALS

Mercury

Cadmium

Lead

Antimony

Arsenic

Zinc

Copper

ACID GASES

Sulfur Dioxide

Hydrogen Chloride

Hydrogen Sulfide

EHoxin (ng/Nm3)

CO

Existing Malaysian
Emission Standard

400

10

15

25

25

25

100

100

200

200

5ppm

2000

-

-

2 ton/day TOP
Emission

5.9-9.9

0.0197-0.9

< 0.0009

< 0.00001

0,045

0.00175

0.0043

<0.00001

53

20.3-372

N.A

123

0.022

N.D

Suggested Malaysian Standard
for MSW Incinerator [12]

15 or less

0.1 or less

0.1 or less

5 or less

-

-

-

-

100 or less

100 or less

N.A

300 or less

0.1

63 or less

Co-Combustion of MSW with MOPS

As can be seen from the proceeding section, the HCl emission in some instance exceeds the proposed
regulation. Flue gas scrubbing is therefore unavoidable. The simplest process seen feasible is to use the



so-called activated carbon /slaked lime injection. This preposition however is constrained by the need
to lower the temperature of the flue gas as well as incorporating the bag filter down the exhaust lime.
Apart from that, it is relatively expensive too. To overcome Ihis problem, it is suggested to co-combust
MSW with MOPS shell, the waste produced by our patm oil industries and readily available in large
quantities.

Table 3.0: Comparison between TOP Emission and Raw Gas Prior to Cleaning from UK Mass
Born Incinerators ( m g / N 3

Dust / Paniculate
HC1
HF
SO2

Hg
NO,
CO
PCDD, PCDF (ng/NmJ)

TOP
5.9-9.9

203-372
N.A.

53
0.019-0.9

123
N/D

0.022.

UK Raw Gas
2500
1000
10

300
0.8
350
50
5.0

2000-10,000*
250-2000*

0.9-9
100-400

N.A.
100-400
50-100

N.A.

*Note: For UK Row Gas, data extracted from two different sources.

Fig 1: The Graph of Surface Area versus Chemical Impregnation

Chemical impregnation ( % w/w)



It is believed that, the emission of HC1 could be reduced, based on the premise that palm shell during
combustion produced charcoal/activated carbon mat may adsorb chlorine at source [11]. At the same
time, MOPS contains high quantities of Na and K [13] in the ash thus will help to react with HC1 in the
combustion chamber in a manner describe by reference [15]. A research project mat cost nearly USD
185,000 is proposed and a replicate of TOP design has been completed to test this hypothesis. A simple
gasification model was developed to help the design of this T.O.P replicate [14]. However^me test rig,
which is cited in our new combustion laboratory is expected to be commissioned only in November
this year
Meanwhile, a simple laboratory test was conducted to assess the phenomena of charcoal production in
TOP. A controlled amount of palm shell sized between 2 - 5mm was loaded into TOP primary
chamber in a metal box and left undisturbed for a complete cycle of the process. Upon completion, the
sample is brought to the laboratory for analysis. The surface area was quantified by various methods.
Figure 1.0 shows the result of this test. It can be seen that the BET surface area of the untreated MOPS
is relatively small, but the chemically treated sample shows some increase in surface areas, with a
maximum BET surface area of about 300 m2/g. A similar test done in a laboratory furnace under
control conditions produced identical result, which confirm this early finding. Detail report on this
investigation can be found in reference [17]. It is therefore predicted that during co-combustion of
MSW with MOPS, a reasonable porosity in the MOPS will be produced and perhaps sufficient to
adsorb various gases in situ. The adsorption studies are in progress.

Conclusion

After going through the phases of installation and operation of TOP, it is concluded that, the plant is
very simple, cheap and able to meet most emission regulations. It is therefore felt that it suits very well
with Malaysian condition conforming to BATNEEC, with excellent furnace control. In the long run,
however, more improvements need to be done especially to further improve the HC1 and some heavy
metal emission. On going work of co-combustion of MSW with oil palm waste derivative is one of the
possible candidate for better emission control. Early works indicate some promising result, especially
on the porosity development in MOPS subjected to primary chamber gasification.
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