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Abstract. Population growth and economic development in ledtm have
increased the production of municipal solid was#tS{V) in many big cities,
causing sanitary problems. The (MSW) disposal mwblcan be solved by
applying an appropriate technology that can rediee volume of the waste
effectively and efficiently. Waste-to-Energy (WTEQr Energy-from-Waste
(EFW), is one of the most effective and efficieethnologies for reducing the
waste volume. Energy recovered from the waste @mded for thermal or
electricity generation. This paper deals with ssfieitity study of utilizing MSW
for generating electricity. A survey and investigat of waste characteristics,
including waste composition, chemical and physmamposition, and heating
value, were carried out for typical Bandung MSW. &rerage heating value of
1500 kcal/kg can be expected from pre-treated M8We used as a fuel for
direct combustion in a WTE plant. A typical desfgn a small-scale WTE plant
is shown in this paper and also an energy analygsovided. Approximately
800 kW of electric power can be generated fromdbdiés of MSW per day.

Keywords: boiler design; direct combustion; incinerator; nicipal solid waste; power
plant; renewable energy; Waste to Energy Plant.

1 Introduction

The amount of municipal solid waste (MSW) in matiyes in Indonesia has
increased significantly due to the population glowand economic
development. Open dumping, the only method cuiyensed for the final
disposal of MSW, faces many difficulties due to tingited area available and
resistance from surrounding communities. The MS¥paal problem can be
solved by applying an appropriate technology tleat ieduce the waste volume
effectively and efficiently. Moreover, the techngyomust be economically
sustainable, and use a relatively small area ol@ngperiod of time. Waste-to-
Energy (WTE), or Energy-from-Waste, is one of thestreffective and efficient
technologies for reducing the waste volume. Eneggpvered from the waste
can be used for thermal or electricity generatirthermore, open dumping of
MSW generates green house gases such as methanthangoisonous gases
when it is unintentionally burned. Hence, the méition of a WTE plant could
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also reduce the green house gases emitted by duipeéd The application of
WTE for removing green house gases is approved KFQCC’'s document
AMO0025 and is eligible for the Clean Developmentdii@nism (CDM) scheme

[1].

This paper deals with a feasibility study of uiilig MSW for generating
electricity. The study covers only the technicadexd of the thermal analysis. A
series of surveys were carried out to find outdbmposition of MSW in the
Bandung area, followed by proximate, ultimate aedtimg value tests of the
most important waste components. Since some ofdhgonents are taken for
recycling and reuse, only the remaining componeatsbe used as fuel for a
WTE plant. The chemical and physical as well ashbating value of these
remaining wastes were evaluated for their usefaslan the furnace and boiler
of a small-scale WTE plant. The objectives of stisdy were to investigate the
characteristics of typical tropical MSW and the gibgity of applying this
tropical MSW in a WTE plant. This paper providesormation about the
typical characteristics of MSW from tropical citiemd a basic design for a
small-scale WTE plant using tropical MSW.

2 Methodologies

The study started with a survey of MSW componeMisnicipal solid waste in
many cities in Indonesia mainly comes from homeslip facilities, streets,
offices, malls, and markets/supermarkets. Citizesresponsible for disposal
of domestic waste to temporary collection/dispoastas (TPS), and the
municipal authorities are responsible for its tfanfom the temporary disposal
area to the final disposal area (TPA). The MSW syrwas carried out at 23
TPSs and TPAs in the Bandung area. From each TBSTRBA 3 nf MSW
sample was separated into several component caegeuch as organic
materials, food, glass, metal, recyclable plastan recyclable plastic, rubber,
paper, foam, textile, electronics and other wasths. analyses were carried out
on eight consecutive days. The heating value, atenand proximate analysis
was then done for each waste component. The te=sts done at TekMIRA
(Pusat Penelitian dan Pengembangan Teknologi Minelah Batu Bara,
Kementerian Energi dan Sumber Daya MinerBAndung, Indonesia). The
testing methodology/codes are summarized in Table 1

Some valuable waste components, such as recy@dic, paper, electronics,
glass, and metal, are often selected and takenfogmal collectors from TPS’s
and TPA'’s, hence only the remaining waste companeah be incinerated in
the WTE plant. The combined properties of theseaieimg waste components
were calculated to predict their combined ultimateximate and heating value.
These properties were then used for an energy sisaind the design of a
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furnace and boiler. The energy analysis was dorneguthe Cycle Tempo

software application [2] in order to find the opérg conditions for the main

components of the WTE steam power plant. The opgratonditions were

calculated with known heat input in the boiler. Theat input was calculated
from the amount of MSW utilized and the predictezhting value. Then, the
dimensions of the furnace and boiler were calcdlatng the FireCad software
application [3]. The calculations were iteratedfital the operating conditions
that give maximum power output.

Table 1 Standards used for testing at TekMIRA.

Component Standard
Moisture ISO 11722 ASTM D.3173
Ash ISO 1171 ASTM D.3174
Volatile matter ISO 562
Fixed carbon 100%-M-Ash-VM
Carbon ISO 625 ASTM D.3178
Hydrogen ISO 625 ASTM D.3178
Nitrogen ISO 332 ASTM D.3179
Sulfur ASTM D.4239
Oxygen 100%-C-H-N-S-Ash
Calorific value ASTM D.5865

3 Waste Characteristics

The results of the survey of the composition of Weste from the TPSs are
shown in Table 2. The table shows the MSW compmsith mass and volume
fraction respectively.

Table 2 MSW Composition.

Component Mass Volume Fraction
Fraction (%) (%)

Organic matte! 35.58 4451
Foodwaste 22.58 11.75
Paper 13.67 14.24
Recyclable plastic 7.06 15.30
Nonrecyclabl¢ Plastic 5.69 491
Glas: 3.19 258
Metal 3.31 1.61
Textile 1.94 0.92
Rubbe 0.68 0.36
Styrofoan 0.25 0.83
Electronic waste 0.56 0.4

Others 5.49 2.59
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The results of the proximate, ultimate, and heatialgie tests of several waste
components are shown in Tables 3 and 4. The testeyles were air-dried
based (adb) samples. From these figures it can €am shat the MSW
components were dominated by the element carbomeklder, most of the
carbon was in volatile matter, as the amount adixarbon was less than 20%.
The higher heating value (HHV) of several of thenponents is significantly
higher under adb conditions, which indicates a Ipgbsibility of being utilized

as fuel.
Table 3 Proximate analysis result of the MSW components.
. Volatile Fixed
Sample Mark Moisture Ash Matter Carbon
%, adb %, adb %, adb %, adb

Leaf 10.7¢ 7.2¢ 62.27 19.67
Food wast 8.4¢ 4.51 72.52 14.4¢
Wood 8.82 7.15 66.64 17.39
Thick Paper 7.56 5.40 75.01 12.03
Writing paper 6.42 11.77 75.13 6.68
Duplexpape 20.6¢ 9.54 61.0z 8.8C
Box pape 6.81 8.44 75.3¢ 9.41
PVC 0.2¢ 4.9¢ 79.8: 14.9:
Bottle plastic 0.63 0.62 89.32 9.43
Hard plastic 0.52 0.41 89.90 9.17
Wrapping plastic 0.31 3.54 89.76 6.39
Toy plastic 0.2C 1.7C 98.0¢ 0.01
PP flastic 0.07 0.6€ 99.2: 0.04
OPP (lastic 0.7¢ 0.1¢ 99.0¢ 0.0C
Container plastic 0.20 1.49 98.05 0.26
HD plastic 0.06 0.41 99.53 0.00
Syringe 0.36 0.69 98.48 0.47
PE plastic 0.0z 0.41 99.5¢ 0.0C
Plastic ba 0.1Z 1.8t 98.0: 0.0C
Medical plasti 0.21 0.4€ 94.3: 0.0C
Plastic cup 0.18 0.79 99.03 0.00
Styrofoam 1.45 0.84 96.75 0.96
Synthetic 1.54 14.97 70.27 13.22
Waste sample 5.8C 26.77 54.9¢ 12.4¢
Waste sample 33.0¢ 8.9¢ 48.6¢ 9.2
Textile 1.23 0.42 89.07 9.28
Rubber 0.01 22.91 74.84 2.23
Others 5.72 0.28 79.08 14.89
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Although the amount of volatile matter was sigrafit, as the waste contains a
high moisture content in as received (ar) condjtidimect combustion was
chosen as the process for energy recovery in theE V@Bnt instead of
gasification. The chlorine contained in the samples also tested, because
chlorine is a source of dioxin, a carcinogen thatynbe generated in low-
temperature combustion.

Valuable components such as recyclable plasticempagectronics, glass, and
metal are often selected and taken by informakctdrs from TPSs and TPAs,
hence the remaining waste consisted only of orgamatter, non-recyclable
plastic and other wastes, as shown in Table 5. Ulienate, proximate

composition and heating value of this remainingtease shown in Tables 6
and 7. Based on these figures, the combined piepest the remaining waste
components (organic matter, food waste, non rebiglplastic, textile, rubber,
and miscellaneous) was calculated as follows:

%omb = Z ¢ m (1)

whereg@..mp= any combined elemenf, = mass fraction of waste componept,

= element i of the component. The related elemargs ash, moisture, fixed
carbon, volatile matter, total carbon, hydrogernygen, nitrogen, and sulfur of
the combined remaining waste. The heating valueMH¥as calculated in a
similar way. The proximate and ultimate elementshaf combined remaining
waste components can be seen in Table 8.

The following equations are used to convertdhiedried basedcomposition to
as receive basecbmposition [4]:

Zar = ZVIAF X (1_ ¢ash ar ¢ M, ar) (2)

— Zoao
1- ¢ash adb ¢ M adb

wherez,, = any propertiess received basiguar = any propertiesoisture and
ash free basisz,q, = any propertiesir dried basis ¢s, = ash mass fractiorg,

= moisture mass fraction, the subsciaptb indicatesair dried basis while ar
indicatesas received basighe proximate and ultimate elementsasnreceived
basiscan be calculated at various moisture contentadsyiming that the ash
mass fraction is fixed at 20%, the value that isally encountered in WTE
plants. The fraction of elements with 40 to 60% stwie content can be seen in
Table 9.

Zynr 3)
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Table 4 Caloric value and ultimate analysis result of thBWIcomponents.

HHV C H, N S o Cl
Sample Mark kd/kg, %, %,adb %,adb %, adb = %, %,

adb adb adb adb
Leaf 1725¢ 42.5C 5.8€ 0.9¢ 0.3¢  42.9¢ 0.4cC
Food waste 20009 45.06 6.98 2.90 0.27 40.28 2.70
Wood 15684 4193 5.72 0.70 0.10 44,40 0.10
Thick Paper 15165 41.72 5.95 0.07 0.11 46.75 0.07
Writing pape 1254¢  34.9¢ 4.6 0.0¢ 0.0¢ 4851 0.0z
Duplex fape 12297 32.6¢ 6.2C 0.1Z 0.1z 51.3¢ 0.1z
Box pape 15474 39.0C 5.7 0.4t 0.1€ 46.2¢ 0.0¢
PVC 19418 36.00 4.91 0.00 0.17 53.96 3.83
Bottle plastic 21876 62.50 4.76 0.03 0.09 32.00 40.0
Hard plastic 23375 7050 6.52 0.45 0.08 22.04 0.06
Wrapping plasti 31041 60.5¢  7.5¢ 0.11 0.2: 28.0¢ 3.8z
Toy plastic 4496€¢ 87.2: 7.71 0.01 0.0¢ 3.27 0.04
PP plastic 45770 85.71 13.15 0.04 0.07 0.37 0.06
OPP plastic 45766 84.01 12.66 0.01 0.11 3.03 0.03
Container plastic 44795 83.81 10.05 0.06 0.01 4.49.08
HD plastic 45586 72.30 11.33 0.02 0.13 1581 0.02
Syringe 4565: 83.6( 11.1C 0.04 0.0¢ 4.4¢  0.07
PE flastic 4608¢ 83.7¢  13.0¢ 0.0t 0.0¢ 2.6z 0.0€
Plastic bag 45008 89.95 5.68 0.07 0.10 2.45 0.04
Medical plastic 45644 83.93 13.70 0.03 0.09 1.88 040.
Plastic cup 46143 81.22 15.33 0.04 0.07 3321 0.12
Styrofoan 3835¢ 91.3t  6.4¢ 0.07 0.14 1.11  0.0Z
Syntheticwaste 2195¢ 45.7: 6.67 1.4t 0.3¢ 30.8C 3.8t
Waste ample 1471 27.8C  3.1¢ 0.92 0.2  41.1C 0.0¢
Waste sample Il 11045 24.33 10.78 0.55 0.16 55.2010 0
Textile 18774 52,54  5.69 0.44 0.21  40.71 0.03
Rubber 28948 45.72  6.67 1.45 0.39 30.80 3.85
Other: 2258t 4228 5.7¢ 0.84 0.28  43.6¢ 0.1C

Table 5 Composition of the remaining MSW.

Component Frl\a/ll?t%n Volume Fraction
Organic matte! 49.2¢ 68.22
Food Waste 31.23 18.00
Non Recycled Plastic 8.21 7.85
Textile 2.8t 1.42
Rubbe 0.9z 0.5t

Others 7.57 3.96
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Table 6 Proximate analysis result of the remaining MSW congmts.

. Volatile Fixed
Component Moisture Ash Matter Carbon
%, adb %, adb %, adb %, adb
Organic matter 9.80 7.215 64.45 18.53
Food waste 8.48 451 72.52 14.49
Non-recycled plastic 0.88 2.19 93.25 3.67
Textile 1.23 0.42 8¢.07 9.28
Rubbe 4.78 14.55 7255 7.72
Other: 0.71 5.70 79.10 14.48

Table 7 Caloric value and ultimate analysis result of tleenaining MSW
components.

HHV C H, N S O Cl
Sample Mark kJ/kg, %, %, %, %, %, %,
adb adb adb adb adb adb adb
Organic matter 16446 42,22 5.79 0.84 0.25 43.69 50.2
Food waste 20003 45,06 6.98 2.90 0.27 40.28 2.70
Non-recycled 34691 75.95 7.01 0.09 0.18 1457 1.92
Plastic
Textile 1876¢ 5254 569 0.44 0.21 40.70 0.C3
Rubber 25445 4572  6.67 1.45 0.39 30.80 3.85
Others 22582 54.41 6.59 1.28 0.23 3285 0.21

Table 8 Proximate and ultimate analysis result of the reringi MSW
components.

Proximate Ultimate

Component % Component %

Volatile matte! 71.1¢ Carbor 48.4¢€

Fixedcarbor 15.41 Oxyger 41.9¢

Moisture 8.04 Hydrogen 6.58

Ash 5.36 Nitrogen 1.49
Chlorine 1.2¢
Sulphu 0.2€

From Table 9 it can be seen that the sulfur coniteldss than 0.1%, which is
lower compared to the average sulfur content il @&%) [5]. The chlorine
content of waste fuel is less than 0.5%; this vatubigher compared to the
chlorine content in coal (0.3%) [6] but still withihe range of biomass fuels
[7]. The sulfur and chlorine contents are harmismscentrations because they
are smaller than 0.3% and 1.0% respectively [8].
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Table 9 Prediction of element composition of remaining wash as receive

basis(ar).

Element Mass Fraction (%)

Moisture 40.0 50.0 60.0
Carbon (C) 19.38 14.54 9.69
Hydrogen (H) 2.63 1.97 1.32
Nitrogen (N) 0.59 0.45 0.30
Sulfur (S) 0.10 0.08 0.05
Oxygen (O) 16.80 12.60 8.40
Chlorine(Cl) 0.49 0.37 0.25
Ash 20.0 20.0 20.0

The heating values obtained from the tests vesredried basis(adb) values
(HHV,4,). These values have to be changedasoreceivedbasis (ar) values
(HHV,) and they can be calculated from:

HHVar = HHVMAF X (¢FC + ¢VM) (4)
HHV, e = Vet (5)
1_ ¢ash

where ¢c = mass fraction of the fixed carbon amgy = mass fraction of the
volatile matterHHVyar = heating value in moisture and ash free conditiagn,
= mass fraction of the ash. Ths received basi®w heating valuel(HVy,) is
then calculated from:

LHV, =HHV, -Q, , (6)
where:

Qo=Q+Q (7)
Q. = heat to evaporate moisture within the fuel:

Q =om Xy )

Q. = heat to evaporate water that is formed fromcthabustion reaction of the
hydrogen:

Q, =9x%¢, xhy )

with @, = mass fraction of the moisture within the fugl,= mass fraction of
the hydrogen within the fuel, arfiy = latent heat of evaporation at 100°C,



Feasibility of Recovering Energy from Municipal Solid Waste 249

2257 kJ/kg. The heating valugdV,, for different values of moisture content
can be seen in Figure 1.

25000

20000

15000

10000

LHVar, (kJ/kg)

5000

0 30 40 50 60
Moisture, (%)

Figure 1 Variation of waste heating value with moisture et

From Figure 1 it can be seen that the heating vials&ongly influenced by the
moisture content. For the waste to be burned withsing additional fuel, the
moisture content should be lower than 50%, thecastient lower than 60%,
and the fixed carbon content larger than 25% [®jsTcondition is shown by
the shaded area in Figure 2. Since the actual ameisontent in fresh tropical
MSW can reach 60 to 70%, the waste has to be pateti before it can be
burned in a furnace. For a moisture content of 40&theating value (LHV) of
the waste is around 1500 kcal’kg (6000 kJ/kg). Thesting value and its
related ultimate elements composition were usebéardesign of a WTE plant.

D % % % S0 Y% Yo Y
% COMBUSTIBLE (C)

Figure 2 Tannerdiagram for waste combustion [8].
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4 Waste to Energy Plant

A small WTE plant concept is shown in Figure 3; theste collected from the
city is dumped into a ditch where informal collastcan select recycleable
materials. Then the remaining waste is chopped ah@ping machine and
distributed by a dozer on the drying floor. The Wpknt is planned to be
located close to a TPA. The waste is air-drieds®reral days before it is sent
to the furnace by a belt conveyor system, so thatnboisture content drops
below 40%. The waste is self-burned in the furratca temperature above 850
°C. The flue gas is used to generate steam in Berbfir electric power
generation. The flue gas is treated and conditidvefdre it is released to the
surrounding air through a stack.

o

(o mu—

) . L]
Drying = Funae  Boiler  pollution contrc

Figure 3 A small-scale Waste to Energy plant concept.

The operating conditions of the steam power plaatewsimulated using the
Cycle Tempo software application. The input for pinegram was the technical
specification of a commercial turbine, as showable 10. Assumptions used
in the simulation were: 85% of turbine isentropfficeency, 75% of pump

isentropic efficiency, 28°C ambient temperature%76f relative humidity of

the surrounding air, and saturated vapor at théetowatf the turbine. The

simulations were done for a water-cooled and arc@ited condenser; the
results are shown in Figure 4, and a summary oféhkelts is shown in Table
11.

Table 10 Steam turbine specification.

Parameter Value
Powe 800 kW
Steam mass flow rate 1.149 kg/s
Inlet temperature 340 °C
Inlet pressur 13 ba
Extraction Pressure 1.71 bar
Extraction steam mass flow r 0.134 kg/

Outlet pressure 0.1 bar
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Turbine %)
Cooling Tower
Boiler
Deaerator
@ (d ' ()
L\
6 @ : Pump 11l
- -
Pump Il Pump | .@ @
Blower
Station Water-cooled condense Air -cooled condense
P (kPa) T (°C) m (kg/s) P (kPa) T (°C) m (kg/s)
1 1300.0 340 1.149 1300.0 340 1,149
2 10 45.81 1.019 10 45.81 1.019
3 10 45.81 1.019 10 45.81 1.019
4 1710 45.8:¢ 1.01¢ 171.0 45.8:¢ 1.01¢
5 171.0 115.3 1.149 171.0 115.3 1.149
6 1300.0 115.5 1.149 1300.0 115.5 1.149
7 171.0 146.84 0.13 171.0 146.84 0.130
8 151.3 38.01 53.71
9 101.2 28.0( 53.71
10 201.3 28.01 53.71
8a 102.3 40.00 225.08
9a 101.3 28.00 225.08
10a 103.3 30.24 225.08
Figure 4 Process diagram of WTE Plant.
Table 11 Summary of simulation.
ltem Water cooled Air cooled
Heat in boiler, kW 3040 3040
Gross turbine power, kW 800 800
Pump | work, kW 0.37 0.38
Pump Il work, kW 2.55 2.56
Pump lll/Blower work, kW 8.93 547.3
Net power, kW 788 249
Thermal efficiency (%) 25.92 8.21




252 Ari Darmawan Pasek, et al.

From the simulation results it can be seen thaalsteam power plant can be
fueled by the remaining waste from the MSW. Usirggreall steam turbine with

extraction for an open type feed water heater @tatar), the plant produces
800 kW power. The system is a closed system usiogvgressure condenser.
A water-cooled condenser system produces a muttehiget power compared
to an air-cooled system. An air blower consumeggh power and reduces the
net power output and thermal efficiency of the ayst

The Cycle Tempo simulation results were used asnimet for a furnace and
boiler simulation. The FireCad software applicatiovas used for the
simulation. The input and assumptions were: 418§/Mour steam mass flow
rate, 13 bar of water pressure entering the boiater entering the boiler with
a temperature of 115 °C, and a steam temperatute &uper-heater outlet of
340°C, a flue-gas temperature leaving the stad86fC, 80% excess air in the
furnace, 20% flue gas return (FGR), and waste-akem@mposition used in the
simulation as shown in Table 11. The FireCad sitiararesults were checked
by re-inputting them into Cycle Tempo until convemge of steam mass flow
rate and boiler heat load was reached. A summaphefresults is shown in
Table 12. The results show that the waste mass fftdes is 2040 kg/hour or
around 2 ton/h if the WTE operates 24 hours a d&/ton/h of steam and 800
kW of electric power will be generated. The reddilteain dimensions of the
furnace and boiler are shown in Tables 13 to 16.

Table 12 Element composition of waste used in FireCad sitrafda(without
chlorine).

Element Mass Fraction (%)
Carbon 19.63
Hydrogen 2.66
Nitrogen 0.60
Sulphur 0.11
Oxygen 17.0
Ash 20.00
Moisture 40.00

The tables show that the furnace temperature rea®b@°C and the gas
residence time is longer than 2 seconds, whichillfulthe requirement for
dioxin destruction [10-12]. The resulted dimensiohave been checked
manually and can be used for further designindnefiant.
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Table 13 Summary results of FireCad simulation.

Parameter Value

Steam generated, kg/hour 4136.4
Steam pressure, t 13
Excess air, % 80.0
FGR, % 20.0
Boiler efficiency 79.27
Waste mass flow rate, kg/hour 2040.62
LHV waste, kJ/kg 6521.094
Boiler heat load, kW 3051 kw

Table 14 Furnace main dimensions.

Parameter Value Unit

Flue gas mass flowre 12843,: kg/houi
Flue gas volumetric ra 45020.. m3/hou
Flue gas velocity 7.0 m/s
Furnace width 1.446 m
Furnace dep 1.221 m
Furnace heigl 19.C m
Gas residence time 2.67 S
Gas temperature 915.5 °C

Table 15 Superheater main dimensions.

Parameter Value Unit
Pipe diamete 50.8 mm
Pipe thickness 4.0 mm
Pipe length 5.3€ m
Transversal pitch 154.0 mm
Longitudinal pitch 154.0 mm
Umber of pipe pass 3 -
Number of pipe each row 4 -
Heat load 507 kw
Heat transfer area 10.26 m?
Steam outlet temperature 386.28 °C
Gas temperature outlet 864.€ °C

Overall heat transfe

2
coefficient (U) 39.0  W/mK
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Table 16 Boiler bank main dimensions.

Parameter Value Unit
Pipe diamete 50.8 mm
Pipe thickness 3.66 mm
Pipe length 461 m
Transversal pitch 105 mm
Longitudinal pitch 100 mm
Number of pipe pass 22 -
Number of pipe each ro 13 -
Heat transfer art 210.2¢ m2
Steam outlet temperatt 199.1¢ °C
Gas temperature outlet 326.4: °C

Overall heat transfer

2
coefficient (U) 35.26 W/m?K

5 Conclusion

Based on the analysis results discussed abovanibe concluded that tropical
municipal solid waste (MSW) can be used as a sfganer plant fuel without
using additional oil or solid fuel, even if recybla components have been
removed. The existing moisture content of the MSWarger than 60%, so a
pre-treatment process has to be applied to recheenbisture content to 40-
50%. The waste with a moisture content of 40% tal/e a heating value of
6500 kJ/kg or 1500 kcal/kg (LHV) aas receivedasis. Using the waste with a
moisture content of 40%, a small WTE plant can bsighed that can deliver
800 kW electric power from 50 tonnes/day or 2.0hkgf waste. A WTE with
an air-cooled condenser produces less power owpdthas lower thermal
efficiency. The cycle simulation result data canused for the design of a
furnace and boiler. The results show that the wastg generate enough heat to
maintain the furnace temperature at around 900Utlam gas residence time is
longer than 2 seconds, as required for dioxin destn.

Nomenclature

hrg = latent heat of evaporation
HHV = higher heating value
LHV = lower heating value

M = mass flow rate kg/s
MSW = municipal solid waste

P = pressure, kPa

T = temperature in °C

WTE = Waste-to-Energy

Zar = any properties on as receive basis
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Zuar = any properties on moisture and ash free basis

Zadb = any properties on air-dried basis

Bish = ash mass fraction

Peomp = any combined element

@ = mass fraction of hydrogen within the fuel

@ = mass fraction of waste component

@ = element i of the component

@ = mass fraction of moisture within the fuel
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