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ABSTRACT 
 
In this study, a Computational Fluid Dynamics (CFD) technique was used to develop a model for 
the simulation and flow conditions of the incinerator. The CFD technique are based on subdividing 
the volume of interest, i.e., the combustion chamber (or other parts of the plant) into a grid of 
elementary volumes. The relevant equations of conservation (mass, momentum, energy) are then 
applied to each of those elements, after defining all inputs, outputs and boundary conditions. The 
resulting system is then integrated from start to finish, after introducing momentum, mass and heat 
transfer. The objective of the study was to evaluate and optimize the performance of locally 
available incinerators in Tanzania. The small scale municipal solid waste incinerator modelling was 
done by using a fluent solver. The case study of the existing incinerator at a Bagamoyo hospital in 
Tanzania was used as a model and the obtained values were compared with simulated results and 
other publications for validation. The design optimization using CFD techniques to predict the 
performance of incinerator showed the deviation of input air by 14%, the mass flow rate by 26.5%, 
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the mass fraction of carbon dioxide by 10.4% and slight deviation of nitrogen dioxide and carbon 
monoxide. The study suggested removing the ash during the incineration process by using a 
moving grate mechanism to minimize the possibility of formation of NOX. The study found the 
maximum mass flow rate capacity of incinerator to be 68kg/h with input air A1 as 0.03639 kg/s, 
input air A2 as 0.03046 kg/s and input air A3 as 0.03409 kg/s. The findings indicated that as 
capacity is scaled up, the available momentum declines relative to the dimensions of the furnace. 
 

 

Keywords: Municipal solid waste; incineration; optimization; CFD. 
 

1. INTRODUCTION 
 
Incineration optimization being the best design 
alteration process is a condition in which 
municipal solid waste (MSW) materials are 
heterogeneous in nature [1,2]. They are 
heterogeneous in size, shape and geometry [3] 
with low energy contents, high moisture and 
pollution source materials [4,3,5]. Incineration is 
a process of oxidizing carbohydrates present in 
solid waste to carbon dioxide and water [6,7]. 
The remaining elements present in the waste are 
oxidized to acid gases [8] and solid particles to 
the volume reduction of approximate 5% of their 
original volume [9]. The concept of waste-to-
energy incineration continues to dramatically 
evolve as potential energy recovery for electricity 
production and greenhouse gas reduction 
approach through “waste-to-energy” technologies 
[10,11]. However, the physical and chemical 
interaction between particles during incineration 
complicates the process [12,13] with the flow 
performance being affected by two primary 
parameters namely geometry shape of 
incinerator and operational modes [14]. 

 
Certain needed parameters are explored so that 
the best measurable performances in the given 
conditions are known [15]. Incineration can 
cause pollution to environment if the input 
parameter, size and conditions are not optimized. 
The variation of designs and input parameters to 
obtain the optimum output results during 
incineration process cannot perform without 
affecting pollution to the environment [14,16]. 
The optimization process performed using 
simulation is preferred since it is faster and 
environmental friendly [17,18]. There are 
abundant of complex information and data being 
generated by simulation [4] and therefore 
designers of incinerators need to understand the 
characteristics of input and output parameters 
and conditions [19]. The understanding of inputs 
such as proximate and ultimate analysis values, 
type of waste, primary chamber and secondary 
chamber airflow and the output parameters such 
as temperature, flue gas, bottom and fly ash 

composition are important information for 
designers [20]. 
 

Optimization of operating conditions using 
Computational Fluid Dynamics (CFD) techniques 
is considered as economical [21] and flexible 
[22,23]. CFD is a popular approach that has 
been used to model, simulate and optimize MSW 
incinerators in a number of studies [4,24,25,26]. 
CFD is therefore very useful for visualizing some 
cardinal aspects of the combustion chamber, i.e., 
the fluid flow field (flow vectors, indicating flow 
direction, and rate in each point), temperature 
and pressure field, and combustion rate field. 
Optimization considers the maximization of 
economic performance, minimization of 
environmental degradation and increase the 
operation efficiency [27,21]. The main 
disadvantage of simulation is the cost of 
preparing a model and sometimes the difficulties 
in understanding and interpreting the simulation 
results [28]. 
 

The incineration process undergoes drying, 
devolatilization and char gasification in the 
primary chamber [29]. The reactions that take 
place are heterogeneous in which solid waste 
react with staved air to gasify the waste [30]. The 
reactions that take place in the secondary 
chamber involve the burning of gasified waste 
with excess air to form carbon dioxide and water 
[17]. The high temperature and excess air in the 
secondary chamber enhance the complete 
combustion of gases and destroy the toxic gases 
formed during the incineration [31]. Modelling 
heterogeneous and homogeneous reactions 
require simplifications and building a set of 
governing equations [23]. These various 
complicated process such as combustion, 
radiations and multiphase flow, must be known to 
designers [32]. The incinerator two chambers are 
set with main reason that the primary chamber 
stays at low temperature and staved air in order 
to gasify the waste and minimize particulates to 
the secondary chamber [33]. The secondary 
chamber is set to admit oxidant in order to 
complete burn all gases generated at primary 
chamber [34] and destroy all incomplete 
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combustion products [14]. The gases generated 
at primary chamber include CO, CO2, H2, H2O, 
CH4 and trace of hydrocarbons [6]. The                 
speed and quantity of air inlet at the chambers 
are used to increase or decrease a                   
residence time in a primary or secondary 
chambers and therefore enhance combustion 
[32]. 

 
Conditions such as oxygen concentration, 
residence time, temperature and mixing 
turbulence has a big influence in the                  
formation of pollutants [35]. The higher amount of 
CO in the exit is a sign of incomplete  
combustion [16,36]. The efficiency of an 
incinerator can be gauged by the concentration 
of effluent gases such as CO2, O2, CO, H2 and 
NOx [37]. Poisonous gases released in the 
effluent can be identified by using CFD 
techniques [38]. In the current work, optimization 
of municipal solid waste combustion – a case 
study of a fixed bed incinerator is presented. 
CFD technique used to develop a model for the 
simulation and optimization of incinerator flow 
conditions. 
 

2. MATERIALS AND METHODS 
 

2.1 CFD Analysis and Technology 
 
CFD is numerical analysis methods which solve 
fluid flow related to physical process and 
biochemical processes [39]. CFD results may 
lead to better designs, low risk during testing and 
faster in improving the designs [23,40]. CFD 
provides the necessary information on how the 
flow takes place in the incinerator [41]. The CFD 
techniques give a critical evaluation in design 
and operating performance [42]. CFD plays a 
role in reducing the time and technical risks 
during the designing process [22]. CFD 
technology is mainly divided into three major 
parts as follows: 
 

i). Pre–Processing– It includes the            
conceptual design, meshing and                      
the formation of the computational           
model.  

ii). Processing– This follows after developing 
mesh, the series of solution for solving 
physical models.   The input values are 
specified in CFD to solve the governing 
equations for each cell until convergence is 
achieved.  

iii). Post Processor– Visualize and interpret the 
data generated by the CFD processing            
[43]. 

2.2 CFD Governing Equations  
 
Narvier Stokes equations of fluid dynamics are 
the conservation law of mass, momentum and 
energy [44]. 
 
i) Conservation of mass for gaseous phase 
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ii) Conservation of mass for solid phase 
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iii) Conservation of momentum for gaseous 

phase 
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iv) Conservation of momentum for solid phase 
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v) Conservation of energy for gaseous phases 
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vi) Conservation of energy for solid phases 
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vii) Conservation equation of the mass fraction 
of species i in the gaseous phase 
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viii) The conservation equation of the mass 
fraction of species i in the solid phase 
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k-ɛ Turbulence Model: Turbulence kinetic 
energy, k and its rate of dissipation ɛ are 
obtained from the following transport equation 
[45]. 
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Radiation Model [32,46]: 
 

Radiation flux      
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Where: a is the absorption coefficient; σs is the 
scattering coefficient, G is the incident radiation 
and C is the linear-anisotropic phase function 
coefficient, 
 

  ss Ca  


3
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From Eq. (12): 
 

Gqr                                    (13) 

 
The transport equation G is  
 

  GSTaaGG  44                       (14) 

 
Where σ is the Boltzmann constant and SG is a 
user defined radiation source. 
 
Combining Eqs. (13) and (14), Eq. (15) can be 
obtained: 
 

44 TaaGqr                       (15) 

 

The expression rq can be directly 

substituted into the energy equation to account 
for heat sources due to radiation [45]. The 
technical algorithm is shown in Fig. 1. 

2.3 Model Description and Methodology 
 
2.3.1 Geometry 
 
The 3D incinerator geometry used in this study is 
depicted in Fig. 2. The incinerator geometry has 
a maximum width of 0.885 m, maximum depth of 
1.195 m and maximum height of 4.043 m. The 
geometry is meshed and value of meshes is 
determined using Ansys fluent software and 
gives 1.67 m

3
. The geometry of computational 

model was performed using the solid works v16 
[47]. 
 

2.3.2 Meshing domain 
 

The meshing geometry is converted to 
tetrahedral cells [48]. The cells were then 
converted to polygonal. The total converted cells 
were 83,406. The meshed incinerator design 
shown in Fig. 3. 
 

2.3.3 Boundary and initial conditions 
 

The converted polygonal cells were assigned a 
solver and boundary conditions [49]. The outflow, 
outlet-1 was assigned as pressure outlet, the 3-
air inlet pipes were assigned as inlet-air A1, inlet-
air A2 and inlet-air A3. The boundary conditions 
for burners were assigned in which the primary 
chamber burner assigned as inlet burner B1 and 
secondary combustion chambers burner as inlet 
burner B2. The boundary condition for inlet door 
was assigned as inlet-door D1. 
 

2.3.4 Fundamental input parameters to the 
model 

 

The input data to the model were generated by 
the experimental practice to feed in the model for 
simulation and optimization. The fixed bed 
incinerator has two chambers; the primary 
ignition chamber and secondary combustion 
chamber. There are two burners (B1 and B2) for 
primary and secondary chambers respectively. 
B1 is inclined at an angle of 45

o
 to the grate to 

enhance the swirling effect in the primary 
chamber. Three air inlets, inlet air A1, inlet air A2 
and inlet air A3 for supplying air to the primary 
and secondary chambers. Inlet air A1 is located 
under fire bottom of the grate to supply staved air 
for primary chamber. Inlet air A2 is located at the 
upper part of the primary chamber to supply the 
excess air for primary chamber. Inlet air A3 is 
located at the secondary chamber for supplying 
excess air to the secondary chamber. The 
excess air that varies between 20 to 150% 
stoichiometry is suitable for combustion of 
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municipal solid waste [50]. The increase in 
excess air may lead to reduce the temperature of 
combustion chamber, which may result in 

unwanted effluents. In this work, the excess air is 
set in such a way that the sufficient air is 
obtained for complete combustion. 

 

 
 

Fig. 1. CFD analysis process according to Ayaa [47] 
 

 
 

Fig. 2. Incinerator geometry 
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Fig. 3. Meshed incinerator geometry 
 
2.3.5 Modeling of chemical reactions 
 
The empirical formula for municipal solid waste 
of Arusha was adopted [51]. The process of 
dying, pyrolysis and gasification are taking place 
in the primary chamber.  Under control 
temperature and staved air to form syngas such 
as CO, H2 and CH4   [52]. The gases escape from 

the primary chamber to the secondary chamber 
where complete combustion occurs [53,54]. The 
products of complete combustion gases CO2 and 
H2O exit through the chimney to atmosphere. 
These chemical reactions for drying, 
devolatilization, tar cracking, methanation and 
combustion of these gases in a single step 
reaction are tabulated in Table 1. 

 
Table 1. Chemical equations described using single step reactions 

 
Process Chemical Reactions  

i.) Drying 
)(2)(2 gl OHOH   (16) 

ii.) Devolatilization 

 

(17) 

iii.) Tar Cracking 

2)(22

4932.092.2

432972.0741292.00677.0

0613.01429.07288.0

HOHCO

COCHCOCH

g 



 

(18) 

iv.) Methanation (H2 gasification) 422 CHHC   (19) 

v.) Char combustion 22 COOC   (20) 
vi.) Water gas shift reaction (forward) 

222 HCOOHCO   (21) 

vii.) Water gas shift   reaction (reverse) COOHCOH  222  
(22) 

viii.) Bourdard Reaction CO2 gasification COCOC 22 
 

(23) 

ix.) Water Gasification 
22 HCOOHC   (24) 

x.) CO Combustion         
22

2

1
COOCO   (25) 

xi.) H2 Combustion         OHOH 222
2

1


 
(26) 

xii.) CH4 Combustion     OHCOOCH 2224 22   (27) 

 

)(222

4938.09224106

9277.06599.03298.0233.0

0272.0087.333.2

g

.

OHHCOCO

CHCOCHOHC
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3. RESULTS AND DISCUSSION 
 
3.1 The Input Air 
 
The measured value were adopted from 
published data in international journal as a result 
of the study of operating conditions of incinerator 
done at Bagamoyo-Tanzania [55]. The input 
staved air inlet A1 located at the bottom of the 
primary chamber is deviated by 13.532% and it 
changes its original value from 0.03147 to 
0.03639 kg/s, as shown in Table 2. The value of 
oxygen is increased due to increase in municipal 
solid waste burned. The amount of oxygen need 
to increase so as to assist in the process of 
thermochemical oxidation process to convert the 
biomass substance into syngas [56]. Air inlet A2 

that supplies air to the primary chamber shows 
the deviation of 4.971%. It decreases its original 
value from 0.03197 kg/s to the simulated value of 
0.03046 kg/s as shown in Table 2. The value of 
oxygen is reduced to a lower value however; this 
deviation is allowable for such calculations. The 
pipe for supplying air to secondary chamber A3-1 

has decreased its value to 0.03409 kg/s from its 
original value by 6.98% this may be caused by 
slightly increasing the excess air supplied during 
the experimental process [56,57]. The maximum 
value of oxygen needed for optimum combustion 
is iteratively determined by fluent solver which 
gives the actual value needed to 0.03409 kg/s 
[58]. 
 

3.2 The Input Municipal Solid Waste 
 

The optimized value for municipal solid waste 
mass flow rate shows the deviations, the 
simulation value shows that the incinerator has a 
capacity to incinerate municipal solid waste 
26.475% more that its designed capacity. The 
simulation results from fluent solver show that 
the maximum capacity for one cycle can be 68 
kgs instead of 50 kgs currently used. Iterated 
input model parameters and the input 
experimental parameters are shown in Table 2. 
 

3.3 The CFD Output Simulation Results 
 

The CFD output simulation results and the 
experiment result are depicted in Table 3. 
 

3.4 Velocity Magnitude 
 

The maximum velocity at the exit of the 
incinerator is ranging between 2.79 – 3.49 m/s 
with average velocity of 3.14 m/s shown in Fig. 4. 
Velocity has a minimum value at the primary 

chamber and higher value at the secondary 
chamber. The formation of gaseous material at 
the primary chamber increases the velocity of 
gases. The O2 concentration in the secondary 
chamber  increases the velocity and residence 
time due to excess air supplied [59]. 
 

 
 

Fig. 4. Contours of velocity magnitude (m/s) 
(time = 1.6889e+01) 

 

3.5 The Temperature of the Incinerator 
 

The temperature inside the incinerator is shown 
in Fig. 5. The maximum temperature is 2400 K 
and the minimum is 300 K corresponding to room 
temperature and the feed-in temperature of 
municipal solid waste. The temperature is 
uniform in primary chamber, secondary chamber 
and in the chimney. The temperature at the 
secondary chamber is 1400 K and the average 
temperature of the chimney is about 1800 K but 
the core is 2000 K, ash is deposited at the 
bottom of the incinerator with a temperature of 
about 2400 K. The temperature at the entrance 
of pipe is high; this may be due to the excess air 
at that particular point. The excess air increases 
the combustion efficiency. The low heat zone at 
the bottom of the incinerator may be caused by 
insufficient air due to its position. Indeed, there is 
anomaly in the observed temperatures. A direct 
explanation to what is happening can be 
elucidated if further studies are carried in these 
areas. The temperature at the entrance of pipe is 
high; this may be due to the excess air at that 
particular point. The excess air increases the 
combustion efficiency. The low heat zone at the 
bottom of the incinerator may be caused by 
insufficient air due to its position. The 
temperature at the exit is about 1400 K. There 
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are two burners, which are located at                  
primary and secondary chambers              
respectively. The ignition temperature of each 
burner is 480 K, which assists in increasing the 
temperature of the incinerator and support 
combustion for both primary and secondary 
chambers. 
 

 
 

Fig. 5. Contour of static temperature (k) 
 

3.6 Mass Fraction of Oxygen 
 

The mass fraction for O2 was decreased. The 
value of oxygen to the effluent is caused by 
excess air to the combustion process [60]. In this 
case, the value of oxygen to the                       
practical experiment was exceeding as                  
shown in Fig. 6 and Table 2. The increasing 
oxygen may cause this during the period of 
refilling the waste by opening the door of the 
incinerator, there is recalculated air from the 
entrance door. 
 

3.7 Mass Fraction of CO Released 
 

The simulation values for Carbon monoxide  
were deviated from practical values by                   
58.07% as shown in Fig. 7; this value is highly 
deviated. The percentage of Carbon               
monoxide increases as compared to practical 
results. The value is, however, within the 
permissible value of Carbon monoxide                  
allowed in the environmental protection               
values [60]. This may be caused by the door 
opening in which excess oxygen to the 
combustion chamber is not considered during 
simulation. 

 
 

Fig. 6. Contour of mass fraction of o2               
(time = 1.1297e+01) 

 

 
 

Fig. 7. Contour of mass fraction of CO              
(time= 1.1297e+01) 

 

3.8 Mass Fraction of Carbon Dioxide 
Released 

 

The values show that CO2 released were 
deviated by 10.39% from the value obtained 
practically. The percentage CO2 at the effluent 
gases was found to be 7.07%. The practical 
experiment obtained was 6.4% [55]. This 
variation is caused by increase in combustion 
efficiency of the incinerator [61,62]. 
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Table 2. The comparison summary of input experimental parameters against simulation 
 

Input mass flow rate 
Item Symbol Measured 

(Experiment) (Kg/s) 
Predicted 
(Kg/s) 

Deviation 
(%) 

Door inlet  D1 0.02778 0.03778 26.475 
Staved air inlet  A1 0.03147 0.03639 13.532 
Primary excess air A2 0.03197 0.03046 4.971 
Secondary excess air A3 0.03648 0.03409 6.98 

Source: [55] 
 

Table 3. Output parameters comparison 
 

Parameters (mass fraction) 
Item Symbol Measured 

(Experiment) 
Predicted 
(Simulated) 

Deviation 
(%) 

Velocity magnitude (m/s) ʋ 4.0 3.75 6.25 
Mass fraction of O2 (%) O2 12.27 2.31 81.17 
Mass fraction of CO (ppm) CO 109.7 46 58.07 
Mass fraction of CO2 (%) CO2 6.4 7.07 10.39 
Mass fraction of NOx (ppm) NO2 152 372 144.74 
Particle residence time (s) t 2 1.73 13.5 

Source: [55] 
 

 
 
Fig. 8. Contours of mass fraction of CO2 

(time = 1.1297e+01) 
 

3.9 Mass Fraction of NO2 Emission (ppm) 
 

The emission values for NO2 deviated from 
practical values as shown in Fig. 9 and Table 3. 
The deviation values were 144.74%. This value 
is more than the practical values because some 
of the Nitrogen from air under high temperature 
forms thermal NOx [63]. The increase the 
temperature of combustion may lead to the 
formation of more NOx [64]. In the case studied, 

the highest concentration of NOx was found to be 
at the bottom of the incinerator where the ash 
drops with high temperature are concentrated. 
This may be due to the high temperature of ash 
and excess air enters to the primary chamber 
during filling the waste while the combustion 
process continues. The ash concentration and 
the filling of waste during second and other 
higher cycles of operation may cause this excess 
temperature and excess air to form thermal NOx 

which was not considered during the practical 
experiments [65]. 
 

3.10 The Particle Residence Time 
 

The particle traces are coloured by residence 
time(s) as shown in Fig. 10. The particle 
residence time shows an average of 1.73s. 
These values correspond to various international 
standards for residence time such as Canadian 
standards which set the standard residence time 
to be not less than 1 second at a temperature not 
less than 1000°C [66]. The value of residence 
time influenced by the speed of inlet gases. The 
value of residence time is also affected by 
temperature and that is why at secondary 
chamber the residence time is lower than in 
primary chamber due to high temperature in a 
secondary chamber [41]. 
 

3.11 The Particle Path Lines 
 

The particle traces represent the path. Initially a 
path was made by integrating the velocity with 
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time.  For transient flow path is known as 
Pathlines. In this work, the Pathlines start from 
the boundary condition inlet A1, inlet A2, inlet A3, 
inlet B1, inlet B2 and inlet D1 and goes out 
through the outlet 1 as shown in Fig. 11. The 
results also show that there is a uniform flow of 
particles from bottom of the incinerator through 
the neck; then secondary chamber, the chimney 
to the exit. The detailed information of these 
pathlines contribute to the overall understanding 
of the flow of the particles [67].

  

 

 
 

Fig. 9. Contours of mass fraction of NOx  
(time = 1.1297e+01) 

 

3.12 Particle Diameters 
 

The particle diameter decreased along the 
incinerator. The value of the particle diameter at 
the bottom is about 9.55e-04m while it decreases 
to 1.45e-04m just before the exit of primary 
chamber. At the secondary chamber there are 
very few particles and very small in size. Their 
diameter is about 1.0 e-04 m. The bigger 
particles remain in primary chamber and the very 
small particles pass through the neck, secondary 
chamber and chimney to exit. This separation of 
particles caused by two-chamber incinerator 
design in which the primary chamber solid 
particles gasified to combustible gases. 
 

3.13 Average Temperature vs Incinerator 
Height 

 

The average temperature is about 1400K at 
incinerator exit. The average temperature is 
increasing along the incinerator. The rapid 
change in temperature at 140 m is due to 

entering of gases from the primary chamber to 
secondary chamber. The temperature is 
gradually increased and reaches a maximum 
point at 210m. The temperature then fluctuates 
again between 1600k and 1400k to exit. The 
temperature at the chimney constant fluctuates 
between 1400 and 1600k. The fluctuation 
affected by the primary reaction in the 
combustion chambers. 
 

 
 

Fig. 10. Particle traces coloured by residence 
time(s) (time=1.6889e+01) 

 

 
 

Fig. 11. Pathlines coloured by particle ID 
(time = 1.6889e+01) 
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Fig. 42. Particle traces, colored by particle 
diameter (mixture) (m) time=1.4750e+00) 

 

3.14 Average NOx at Incinerator Exit 
 

Average NOx is about 600 ppm at incinerator 
exit. This value is within the permissible value of 

NOx gases, which react with oxygen to form acid 
rain. 

 

3.14.1 CO2 concentration 
 

Comparison model result on the CO2 obtained 
between current simulation and CO2 obtained by 
[68] shows the results deviated by 36%. 

 

3.14.2 NOX concentration 
 

For the case NOX. comparison between the 
current model results with those obtained by [68], 
shows the good agreement with deviation of 3%. 
 

3.14.3 O2 concentration 
 

Comparison result obtain from the current model 
with [32] on O2 concentration show the deviation 
of 33%, while the comparison between [69] show 
the deviation of 25%. 
 

3.14.4 CO concentration 
 

In the case of CO concentration, the findings 
from the current model with [32] shows the 
deviation of 32.2%, when compared with [69]  
model shows the deviation by 38%. 

 

 
 

Fig. 13. Temperature variation with incinerator height 
 

Table 4. Validation of simulation results summary 
 

Current 
model 

Input 
Velocity m/s 

Exit gases Residence 
time (s) 

Exit 
Temp (K) CO2(%) NOx ppm CO ppm O2 (%) 

3.75 7.07 152 46 4.62 1.73 1400 
[68,69] 3.3 11 156.5 20 6.12 2.71 1300 and 

1800 
Deviation 14% 36% 3% 38% 25% 36% 8% -22% 
[32] 3.43 N.A N.A 32.2 6.91 N.A 1420 
Deviation 9% N.A N.A 30% 33% N.A 1% 

N.A value not available 



 
 
 
 

Omari et al.; JERR, 11(3): 5-19, 2020; Article no.JERR.51997 
 
 

 
16 

 

 
 

Fig. 54. Average NOx at incinerator exit of incinerator 
 

3.14.5 Velocity of exit gases 
 

Comparison model result on velocity obtained 
from the current model and that of [68] it shows 
good agreements. The model deviation was 14% 
while the deviation obtained with  [32] is 9%. 
 

3.14.6 Exit gas temperature 
 

The comparison of flue gas exit temperature to 
the current model, with [68]; [32] and [69]  shows 
a good agreement. The high deviation is 22% 
and lowest is 1%. 
 

4. CONCLUSION 
 

The experimental and simulation study is 
necessary information for input and operating 
parameters in optimization of a fixed bed 
municipal solid waste incineration. The 
incineration design successfully optimized 
operating parameters using computational fluid 
dynamics techniques. The input parameters vary 
in such a way that the minimum cost of operation 
and pollution was achieved 
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