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Abstract 

Production of cement 

is arguable the most 

energy intensive 

process and it also 

accounts for 

considerable amount 

of pollutant emissions, 

hence the substantial 

effort geared towards 

improving energy 

performance while 

reducing harmful 

emissions. This paper 

considers alternative 

fuel as a sustainable  

solution and 

investigated the effect 

of the use of three 

alternative fuels on 

energy performance 

and emission control. 

Tyre, Bagasse and 
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Introduction  
Cement production 

involves the mixture 

of limestone and clay; 

it requires a kiln 

temperature of 1500 

degree Celsius 

(Rahman et al, 2015). 

A high volume of fuel 

is necessary to reach 

this temperature and 

fossil fuel is an 

increasingly 

expensive source of 

energy (Murray and 

Price, 2008). About 

900 kg of CO2 and 

other greenhouse gas 

release in the 

environment is 

attributed to the huge 

energy requirement 

during chemical 

reaction of raw, hence 

the cement industry is 

held responsible for 

5–6% of 

anthropogenic CO2 

emissions, which 

causes about 4% of 

global warming  
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Municipal Solid 

Wastes (MSW) were 

alternative fuels mixed 

in varying ratios with 

coal and considered in 

the operation of the 

kiln. Aspen Plus was 

used to model a kiln 

system and validated 

against data from the 

Obajana Cement 

Industry. The effect of 

the alternative fuels on 

clinker quality, energy 

performance and 

emission control was 

studied. Little (for 

MSW) to no influence 

on clinker quality was 

observed but up to a 

3.3 % reduction in CO2 

emissions and 5.2% 

reduction in thermal 

energy requirement is 

achievable using these 

alternative fuels with 

20% mix in coal. 

Though Bagasse was 

found to reduce energy 

requirements more 

than others while 

reduction in CO2 

emission was highest 

in MSW, the optimum 

performance was 

observed in used 

Tyres. This finding 

strengthens existing 

literature and adds to 

knowledge on 

bettering the cement 

industry’s 

environmental and 

energy performances. 

 

odrigues and Joekes, 2011). 

It is evident that the finite nature of global fossil fuel resources, high 

prices and most importantly their damaging effect on the 

environment call for the need to develop alternatives fuel for cement 

production process. Alternative source of fuel can replace fossil fuel in 

cement production process as it offers a realistic solution toward the 

reduction of the usage of fossil fuel and mitigation of pollutant emissions, 

it can be sourced from industries, agriculture, and municipals etc. (Fryda 

et al, 2007).  

Problems regarding clinker quality and emission has been associated with 

the introduction of alternative fuels in the cement manufacturing process, 

thus prior to the employment of the alternative fuel in this complex 

process, a detail identification and assessment of all underlying factors 

must be exhaustively considered.  Considering the associated economic 

risks with alternative fuel experimentation has limited researchers’ ability 

to conduct tests in the cement plant, alternatively process model has been 

regarded to offer a realistic solution of testing numerous alternative fuels 

and predict corresponding clinker quality and pollutant emission changes. 

Software packages such as computational fluid dynamics (CFD) based 
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software has been employed to model mainly the kiln section of the 

process (Ariyaratne et al., 2015). Different approach using Aspen Plus 

software, which focuses on the clinker chemistry, reaction stoichiometric 

and thermodynamic property of the material in the process have also been 

reported (Hokfors, 2014, Zhang et al., 2011). 

The current study developed an Aspen Plus-based model for the Kiln of the 

cement manufacturing process which was used to simulate the flue gas 

formation while using selected alternative fuels. The model was verified 

using Obajana Cement Industry’s plant data for coal that was used as 

primary fuel in the burning zone. The validated model was run with the 

three selected alternative fuels; Tyre, MSW and sugarcane Bagasse so as to 

study predictions of changes in emission, kiln environment and clinker 

quality before the simulation results were used to optimize the usage of 

selected alternative fuels. Also, the model was executed under certain 

conditions to reduce the energy requirement of the system by lowering the 

total fuel feed but not affecting the kiln environment and daily production.  

 

METHODOLOGY 

Data Extraction: Operating Data (Stream Compositions, Temperatures, 

Pressures and Flows) and the Instrumentation Diagram of the rotary kiln 

in Obajana Cement Industry was collected from the plant operator. A 

thorough study of the process flow diagram, feed and products were 

carried out in order to extract all the necessary and available information 

required to carry out the process simulation of the kiln using Aspen Plus. 

Modeling: Owing to the complexity of the cement manufacturing process 

that includes several endothermic and exothermic reactions along with 

heat transfer in the solid, liquid and vapor phases of different materials. 

The process model was developed using simulation software Aspen Plus. 

The process model was built according to the reference plant specification 

with 6000 tonnes/day clinker production capacity. To simplify the model, 

several assumptions were made without affecting the basic principles of 

clinker formation, which are stated below. 

• In the burning zone, the coal and other fuel combustion will take place 

in two different reactors. 
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•  CO2 was produced through both calcination process and combustion 
of fuels. 

• NOX generation from the kiln was due to the combustion of fuel only. 
• Ash took part in the clinker formation reaction and ash yields were 

determined from the ash analysis of coal and alternative fuel. 
• All the clinker formation reactions in kiln occurred in three separate 

reactors to facilitate pyroprocessing. 
• Air leakages were not considered throughout the model. 
 
Considering its suitability for coal and solid fuel combustion, RKS-BM 
property method was selected. The RKS-BM property method uses the 
Redlich-Kwong-Soave (RKS) cubic equation of state with Boston–Mathias 
(BM) alpha function for all thermodynamic properties. The MCINCPSD sub 
stream, which includes MIXED, CISOLID and NC streams with particle size 
distribution (PSD) option was used through the simulation. All fuels were 
considered as Nonconventional and the feed to the kiln were composed of 
the conventional component. The proposed model used HCOALGEN and 
DCOALIGT attribute to calculate enthalpy and density respectively of coal 
and selected alternative fuels, based on the elemental analysis of fuels. 
Different reactor blocks were chosen for the process model in such a way 
that all equilibrium and non-equilibrium equations can be used to generate 
a realistic output. The output data regarding the composition of clinker and 
the stack gas provided vital information about any possible changes that 
might occur due to the introduction of alternative fuels in the system. 
Collected plant data will be used to validate the model from clinker 
composition and pollutant emission perspective. 
 
RESULTS AND DISCUSSION 
The modeled Kiln in the simulation environment of Aspen Plus Software is 
as shown in Figure 1 below. 

 
Figure 1: Modeled Kiln System 
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Observed results from the simulation was compared with plant data and 

presented in Table 1. In 1 kg of clinker, the major difference was observed 

to be 0.0026 in the composition of SiO2 (in oxide form) and 1.2556 (wt.%) 

in C2S composition. Also, a difference of 0.6820 was observed in the Lime 

Saturation Factor (LSF). These observations confirmed the developed 

model in Aspen Plus is a true representation of the studied plant. The 

emission data of the plant were not available, thus that of the simulation 

was compared with acceptable limits and that reported by a similar cement 

plant. Lesser emissions were observed in the simulation compared to the 

plant data, except in SO2 where the emission was 4.542 gm/kg-tonne 

higher.  

 

Table 1: Validation of simulation results with plant data 

Variables ta Simulation Difference 

Clinker (Oxide Form)    

CaO  0.598 0.5974 0.0006 

SiO2 0.19 0.1926 0.0026 

Al2O3  0.058 0.0562 0.0018 

Fe2O3 0.035 0.0354 0.0004 

MgO 0.0045 0.0052 0.0007 

SO3 0.0045 0.0053 0.0008 

Clinker (Compound Form)    

C3S 62.435 61.1796 1.2556 

C2S 14.7327 16.484 1.751 

C4A 10.734 10.1084 0.6256 

C4AF 12.098 12.228 0.13 

Clinker (Quality)    

Lime Saturation Factor 72.5063 71.8243 0.6820 

Alumina Ratio 1.6571 1.6571 0.0000 

Silica Ratio 2.043 2.043 0.0000 

Emissions    

CO2 (kg/tonne clinker) 977 825.976 151.024 

NOx (gm/tonne clinker) 2200 2139.55 60.45 

SO2 (gm/tonne clinker) 170 174.542 4.542 
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Emission Control 

Findings on emission are presented in Figure 2 with 0% alternative fuel 

mix representing the reference case of Coal only. Tyre and MSW showed 

potential for CO2 reduction but MSW was observed to reduce CO2 best with 

up to 4.4 % when its substitutes 30% of required thermal energy in the 

process. Bagasse on the other hand potentially increases CO2 emission. 

Though MSW has a lower energy content thus implying a higher amount of 

fuel is required to keep the production amount near to the reference case, 

further resulting into higher CO2 emission, its lower carbon content offsets 

the CO2 as the simulation suggests. In contrast, Bagasse with lower carbon 

content produced higher CO2 owing to its lower energy content. The three 

alternative fuels were found to increase NOx emission with up to 30 % 

increase observed in MSW. SO2 emission almost remained constant in 

MSW, decreased up to 11.3 % in Bagasse but increased to more than 12.5 

% in Tyre,  

 

 
Figure 2(a): Net CO2 emission 
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Figure 2(b): NOx concentration in stack gas 

 

 
Figure 2(c): SOx concentration in stack gas 
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Clinker Quantity and Quality 

Kiln outlet temperature depicts the kiln environment and somewhat 

enables understanding of the clinkerization phase taking place inside the 

kiln. Temperature reduction in the kiln could result in incomplete 

pyroprocessing, hence downgraded clinker quality. Similarly, clinker 

production is important and must be studied because decline in the 

production could cease the potential economic benefit of alternative fuel 

introduction in the system. An illustration of the outlet temperature of the 

kiln is presented in Figure 3a while that of the simulation(using a fixed raw 

meal feed) results  regarding the clinker production with a fixed raw meal 

feed is presented in Figure 3b with 0% alternative fuel mix representing 

the reference case of Coal only in both figures. The temperature of the kiln 

was noticeably low for MSW with Bagasse just about attaining the 

reference temperature, hence to what extent MSW can be used is limited 

by this finding. Negligible variations in production was observed as usage 

of MSW could increase production up to 0.2% while Tyre and Bagasse 

could increase production up to 0.33% and 0.38 % respectively. Clinker 

quality as regards basic ratios was observed and the use of alternative fuels 

was found to have negligible impact on Lime Saturation Factor (LSF), 

Alumina Ratio (AR) and Silica Ratio (SR) as illustrated in Figure 4.  

 

 
Figure 3(a): Kiln outlet temperature 
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Figure 3(b): Daily clinker production 

 

 
Figure 4(a): Lime Saturation Factor 
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Figure 4(b): Alumina Ratio 

 

 
Figure 4(c): Silica Ratio 
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The potential emission improvement and required energy is presented in 

Table 2. 

 

Table 2: Potential improvement in emission and energy requirement  

Properties Alternative 

Fuel (%) 

Excess 

Air in 

Kiln (%) 

Energy 

Requirement 

(MJ/kg clinker) 

CO2 

Emission 

(Kg/tonne 

clinker) 

Coal 0  10  2.326 825.976 

Tyre 13 5 2.205 803.59 

MSW 20 5 2.335 802.869 

Bagasse 10 5 2.164 827.916 

     

 

CONCLUSION 

A process model for the manufacture of cement using Aspen Plus was 

developed and validated with locally available plant data. The 

environmental and energy effect of employing alternative fuels on it was 

studied and potential for improvements was explored. The effect of the 

alternative fuels on clinker quality, energy performance and emission 

control was studied. Though MSW showed highest potential for 

environmental friendliness, its increase in energy requirement compared 

to the reference kiln resulted in the recommendation of Tyre as the most 

preferred considering 5.2% reduction in thermal energy requirement is 

achievable using Tyre. The three alternative fuels considered are usable at 

respective mix with coal and further study should be carried out on the 

environmental and energy performances of the cement industry. 
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