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ABSTRACT  
In this paper, the optimization of process parameters for the composting process in a batch reactor was 

performed. Optimized process parameters are airflow and the initial moisture content. The objective function for 

the optimization problem the maximization of degradation of organic matter is selected. The mathematical 

relation for the objective function was derived from experimental data and data obtained by numerical 

simulations. The experimental data of variables were fitted using the multiple regression analysis and found it 

was statistically significant.Experimental data include a wide range of values for airflow and initial moisture 

content, which give a maximum degradation of organic matter of 50.1% for a process that lasts (the longest) 

continuously for 23 days. The optimization problem was solved by applying nonlinear optimization within the 

Matlab programming package. The obtained optimum values of airflow and moisture content are 0.296 

m3/(kgomh) and 61.6%, respectively. Verification of the process for optimized process parameters was 

performed in the pilot batch reactor with controlled conditions (SD + 5% of the maximum conversion of organic 

matter).     

KEYWORDS: Mathematical modeling, numerical optimization, process parameters, composting. 

 
I. INTRODUCTION 

The collection and disposal of waste are necessary, both for hygienic and space reasons, because large 

amounts of solid waste occupy enormous areas [1]. Disposal of organic waste is necessary, considering the 

population growth and speed of urbanization, which leads to the generation of large quantities of waste in the 

world [2]. According to ecological laws, the composting process is a key process in the waste management 

hierarchy and plays a major role in reducing the volume of biodegradable solid waste [3]. For the above reasons, 

it is necessary to speed up the processing of municipal solid waste, in proportion to the amount of newly-

generated waste. Therefore, it is important before the beginning of the composting process, to determine the 

waste composition (especially the nitrogen and carbon contents, moisture, but also other parameters such as pH 

and electrical conductivity) and to establish the proportion of different waste types for obtaining the desired C/N 

ration [4]. After that, it is necessary to obtain optimal values of key process variables as initial moisture content, 

airflow, etc. The feasible composting condition may avoid leachate production, thus achieving the success of the 

composting process [5]. 

Mathematical modeling and optimization of process and process parameters for the composting is the 

key to accelerating the process in order to reduce the accumulation of waste at the landfills. The composting 

process can be characterized as a sustainable waste management method [6] and obtained compost can be used 

for fertilization and conditioning of soil [7, 8]. In municipal waste composting facilities, only green waste from 

parks and gardens is currently being used. Thus, it can be appreciated that the utilization of food waste through 

composting is insignificant [9]. 

For the study of composting mechanisms, and for the composting kinetics research, laboratory and 

pilot reactors of different constructions are used. Mathematical models can serve as a basic tool for faster and 

better process design and system analysis [10]. Mathematical modeling of the process affects the reduction of 

the need for performing expensive experiments, better understanding, and control and process optimization is 
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achieved. By numerical and experimental optimization, as well as numerical simulations of the composting 

process, the optimum values of key parameters such as C/N ratio, pH value, moisture content, temperature, 

aeration rate, etc. are determinate. Also, it comes to important findings of the influence of various additives that 

promote aeration or acceleration of the process in the initial phase, thereby reducing the duration of the overall 

process. Researchers who dealt with the numerical optimization of the composting process have optimized the 

costs of designing and operating bioreactors, then the consumption of energy and the emission of harmful gases 

[11]. Some authors performed experimental optimization by performing a large number of experiments [12-16]. 

Also, in the case of optimization of process parameters, the researchers performed experiments in reactor 

systems of different dimensions, from laboratory to pilot scale. Several researchers have given optimal values 

for moisture content [17, 18]. This value ranges from 55-60%.  Modeling of the composting process [19] began 

in the 1970s, so in the course of forty years, there were several hundred papers that dealt with this issue. 

However, only a few researchers dealt with the optimization of process parameters for the composting process 

in reactor systems. The reason for this is fact that the mathematical models which are credibly describing the 

composting process consist of a large number of nonlinear differential and algebraic equations, which represents 

a real challenge and requires knowledge of the process itself, understanding physicochemical processes, 

knowledge of mathematical modeling and programming. Research concerning the numerical optimization of the 

composting process can be found in the literature [11,20-27]. In a few papers Keener [11] investigated the 

influence of the design of the composting system on the stability of the final compost, by reducing the cost of 

the process itself. They used data from a large number of experiments along with multiparameter kinetic 

models. Xu et al. [26] developed a model for municipal waste management under uncertainties, based on 

optimization and linear programming. The model carries out simultaneous costing, cost variability, and risk of 

restrictions. Similar research was carried out by Proietti [27] wich are taking into account the physicochemical 

parameters in order to obtain as high-quality compost as possible. Abdullah et al. [22] optimized the ratio of 

different types of waste for the composting process using a simplex-centroid mixture design method in order to 

achieve optimum values for the initial moisture content and the C/N ratio. Similar to the previous authors, 

Cabeza et al. [23] have optimized the proportion of municipal solid waste and residues from leguminous plants 

in the process of co-composting. Several authors dealt with the optimization of process parameters in the way 

that a large number of numerical simulations were performed, by varying the parameters at certain intervals that 

have a physical meaning for the composting process [28,29]while Iqbal [25]optimized process parameters 

performing Box-Behnken, after response surface methodology (RSM). For the response variables, the moisture 

content and C/N ratio were selected. A few authors also research the influence of initial moisture content and 

airflow on the composting process [30].  

Moisture content is a very important parameter for the composting process. In the case of a non-

controlled process, moisture content can become a limiting factor. Excess water interferes with oxygen access, 

while low water content limits the diffusion of soluble molecules and reduces microbiological activity. Aeration 

in excess air is usually not harmful to the composting process, but in this case, it is difficult to maintain 

optimum temperature, and excessive moisture evaporation or substrate drying may also occur. The aim of this 

paper is to optimize key process parameters that are important for the beginning and flow of the process. 

Accordingly, the selected process parameters were the initial moisture content in the material and the airflow in 

the batch reactor. 

 

II. MATERIALS AND METHODS 
Experimental protocol 

During the experiment, an organic fraction of municipal solid waste (OFMSW), poultry manure, 

sawdust, and waste yeast and waste acidity from the brewing industry was used. Physico-chemical 

characteristics of the materials are shown in Table 1. Composting was performed in pilot rectors, 57 liters of 

volume. Reactors are specially designed and equipped with temperature sensors at four levels in reactors (three 

levels and free air space, FAS). The temperature was measured every half hour. During the experiments, the 

concentrations of carbon dioxide and oxygen, organic matter content, moisture content, pH value, and electrical 

conductivity are measured at three levels in the reactor every day. Gas concentrations are additionally measured 

at the exit of the rector. The confirmation experiment lasted seventeen days and the mass of organic matter was 

measured atthree different heights in the reactor.  
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TABLE 1 Physico-chemical characteristics of composting materials 

  w.b. wet basis, d.b. dry basis 

 

Further details of the experiment and the performed analyzes were given in the literature [31]. 

 

Mathematical modeling and optimization 

 
As the most important variables of the state for the composting process are solid-liquid temperature, 

moisture content, and oxygen concentration (airflow). The percentage of organic matter decomposition 

primarily depends on these variables and therefore the production of carbon dioxide and other gases. With 

respect to the substrate as a reactant, the reactor can be modeled as a batch. In the mathematical model of the 

composting process, the basic principles of the process kinetics are represented, and then the processes of mass 

and heat change in the system consisting of three phases: liquid, solid, and the gaseous phase. Details of the 

developed model and model constraints can be found in the literature [31]. 

 

The rate of composting is expressed as the rate of decomposition of organic matter and can be described using 

the following expression: 

nOM
OM

dm
k m

dt
       (1) 

Wherein: 

OMm – Mass of organic matter (kg), 

t – Time (h), 

k – Reaction rate constant (kg
1-n

 h
-1

),  

n  – Reaction order (-). 

 

The developed and verified model was used for numerical simulation of the composting process. Based on the 

data obtained by numerical simulation and data obtained experimentally, the mathematical relation for the 

conversion of organic matter is dependent on the airflow and the initial moisture content in the material. The 

experimental data were taken from two experiments with three batch reactors (the physicochemical 

characteristics of the mixtures at beginning of the process are given in Tables 2 and 3). Experimental data for 

the conversion of organic matter are shown in figures 1 and 2. The data obtained by numerical simulations were 

used to obtain a large number of data for mathematical relation with small changes in the airflow and initial 

humidity content within the literature values. 

TABLE 2 Characterization of initial mixtures in reactors (first experiment) 

 

     w.b. wet basis, d.b. dry basis 

Material Water 

content 

(% w.b.) 

Organic 

matter 

(% d.b.) 

pH Electrical 

conductivity 

(dS m
-1

) 

C/N 

OFMSW 72.44 88.17 6.70 1.790 
52.7

3 

Poultry manure 77.03 75.13 7.53 2.317 5.83 

Sawdust  10.03 99.90 5.31 0.240 
77.1

9 

Waste yeast from the brewing 

industry 
95.61 91.55 6.46 2.795 

21.1

9 

Waste kieselguhr from the brewing 

industry 
69.06 10.47 5.39 0.220 

11.3

6 

Reactor Moisture content 

(% w.b.) 

Organic matter 

(% d.b.) 

pH Electrical 

conductivity(dS m
-1

) 

C/N 

1 71.09 90.00 6.72 1.299 71.09 

2 63.09 92.96 6.80 1.303 63.09 

3 65.65 89.27 6.98 1.280 65.65 
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TABLE 3 Characterization of initial mixtures in reactors (second experiment) 

 

 

 

 

 

 

 

 
 

 

                            w.b. wet basis, d.b. dry basis 

 

Reactor Moisture 

content 

(% w.b.) 

Organic 

matter 

(% d.b.) 

pH Electrical 

conductivity(

dS m
-1

) 

C/N 

1 67.13 83.09 7.10 0.605 43.70 

2 59.53 79.30 7.36 0.638 40.40 

3 62.35 82.35 7.32 0.679 34.50 
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Figure 1. Organic matter coversion for the first experiment in three reactors at three differnet heights 
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Figure 2. Organic matter conversion for the second experiment in three reactors at three differnet heights 

 

 

The objective function is to maximize the conversion of organic matter. The optimization problem was 

solved by unconstrained nonlinear optimization, so Matlab used several functions to solve it, such as fminserch 

and fminunc wich are nonlinear programming solvers. Searches for the minimum of a problem specified by: 

min ( )
x

f x f(x) is a function that returns a scalar, and x is a vector or a matrix. Solver fminserch is a direct 

search method that does not use numerical or analytic gradients as fminunc solver. 
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In order to verify the results of the numerical optimization, an experiment in the batch pilot reactor was 

performed. Process parameters were adjusted according to the results of the optimization. Table 4 shows the 

masses of composting mixtures in both experiments. The first experiment lasted 23 days and the second 14 days. 

 

TABLE 4 Mass of substrate in the reactors 

First experiment Second experiment 

Reactor 

Mass at the      

beginning (kg) 

Mass at the end 

(kg) 

Mass at the 

beginning (kg) 

Mass at the end 

(kg) 

1 26.1 15.82 25.24 22.10 

2 19.5 12.32 24 19.29 

3 24.4 17.54 20.5 17.61 

 

III. RESULTS AND DISCUSSION 
The functional dependence of the conversion of organic matter on the air flow and the initial moisture 

content is shown in Figure 3. Based on the function appearance (Fig. 3), it can be assumed that it is a sinusoidal 

function, so a sinusoidal function (equation 2) is proposed. The selected mathematical expression that was used 

as an objective function in the optimization problem was fitted in Polymath 6.0 (Michael Elly, 2004, USA) [32] 

using non-linear regression (mrqmin solver) and showed satisfactory statistics (Table 5). Numerical simulations 

were performed in the Matlab numerical programming package [33] (MathWorks, R2008a, USA). 

The mathematical relation for the organic matter conversion is given by the expression: 

(2)w

c

b
ea X

K sin d f
Q

 
 


 





 
Wherein:  

- Q airflow(m
3
 (kgOT

-1
h

-1
)) 

- Xw moisture content (-). 

The experimental and simulated data for OM loss was calculated according to the following equation [2, 34]: 

(% % )
100

% (100 % )
(3)i e

i e

OM OM
K

OM OM

 
 








 
 

Wherein:  

% iOM and % eOM - organic matter mass at the beginning and end of the process. 

The goal of optimization was to maximize the conversion of organic matter into values that have a physical 

sense (up to 60% for one month of the process). A nonlinear regression determines the values of the constants a, 

b, c, d, e, and f in relation 2. The relation was obtained by performing a large number of numerical simulations 

(over 300) with limitations from experimental conditions and literary values. Results of numerical simulation 

are given in the Appendix.The success of the fits (Fig. 4) is confirmed by the correlation coefficient that is 

R
2
=0.94, which represents a very good value regarding the complexity of the mathematical expression. The 

moisture content ranged from 30 to 70%, while the airflow varied in the range of 0.12 to 0.3 m
3
 (kgOM

-1
 h

-1
). 

As previously stated, moisture values below 30 and above 70% lead to slowing down and stopping the 

composting process [35-37]. When it comes to airflow, the interval gives the values of the conversion of organic 

substances that have a physical meaning. A small concentration of oxygen in the air leads to slowing down the 

process and creating anaerobic conditions, while excessive oxygen concentration, or excessive air flow, leads to 

cooling of the system, and thus anaerobic conditions can be created.The composting process is greatly affected 

by environmental factors [38](temperature, moisture content, pH, and aeration). 
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Figure 3 Functional dependence of the organic matter conversion on air flow (m

3 (kgOT
-1h-1

)) and initial 

moisture content (-) 
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Figure 4 Fitted function for the maximum conversion of organic matter 

Optimization of any process including the composting process requires a mathematical expression of 

the objective function. This function would be expressed as a mathematical equation of decision variables and 

other parameters that minimize or maximize the need for a problem, in addition to a set of constraints [39]. 

Authors proposed a nonlinear mathematical relation which additionally increases the complexity of solving the 

optimization problem. 

 

TABLE 5 Confindence intervals for coefficients in eq.2 

Variable Value 
95% 

confidence 

a 10.59168 0.256231 

b 4.070954 0.049803 

c 0.053347 0.014543 

d 66.92491 2.020123 

e 0.863602 0.006201 

f 12.38194 0.553139 

  

For optimization, two optimization solvers in Matlab were used. Both solvers are used for nonlinear 

programming and optimization of unconstrained multivariable functions by searching for a minimum of the 

function. Since the goal is to maximize the organic matter conversion, a negative value is assigned to the 

objective function. Both solvers at the output have given the same values for moisture content and airflow for 

the „minimum value“, of the objective function. In accordance with the limitations, the obtained optimum 

values of airflow and moisture content are 0.296 (m
3
/(kgOMh)) and 61.6% with the maximum value of organic 
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matter conversion of 50.1%. As can be seen from Table 4, the experimental data used to fitt objective function, 

indicate different values of organic matter conversion. 

 Experimental verification of the optimal values of process parameters was carried out in a batch pilot 

reactor. The mixture that was synthesized in the laboratory, in order to verify the obtained optimal values, 

consisted of 66.53% OFMSW, 7.97% poultry manure, 11.95% sawdust, and 13.55% waste yeast, the moisture 

content of the prepared mixture was 62.72% (deviation from optimum 1.8%), while organic matter amounted to 

92% on a dry basis. The composition of the mixture used for composting was calculated by the known physical 

and chemical composition of the components. The composition of used municipal solid waste is the same as the 

waste composition used in the experiments on which the verification of the developed mathematical model was 

performed [31]. The mass of the mixture in the reactor at the beginning of the process was 23.2 kg and at the 

end of the process 17.3 kg. Figure 5 shows the conversion of organic matter obtained experimentally after 

process variable optimization. Data were measured at three heights in the reactor so that the mean value with 

standard deviation is shown. The experimentally determined value of the maximum conversion of organic 

matter was 47.8%. The deviation of the conversion of organic matter between the value obtained by numerical 

optimization and the value obtained in the pilot reactor is 5%.  

 

 
 

Since this is an optimization problem in which besides the mentioned limitations there is a time limit on 

the conversion of organic matter, in this case, it can be said that the obtained values represent a local minimum 

depending on the length of the process. The data used in this paper relate to processes that lasted up to a month, 

which represents the intense phase of the organic matter degradation process. Also, considering the fact that 

airflow is converted to the mass of organic matter, the obtained values can be interpreted as global optimum. 

Regardless of the variety of composting compositions, the same values should be obtained. The mathematical 

form of the functional dependence of the organic matter conversion on the initial moisture content and airflow 

indicates that the function itself has several local maxima (Figures 1 and 2), making it difficult to talk about a 

global maximum/minimum of this function. Considering the fact that it is a "live" system which would require 

the standardization of the mixtures used for the composting process to find a global optimum, these results make 

a significant contribution in the sense that it is possible to accelerate the process by adjusting the obtained values 

before the starting the process. As the composition of the composting components is known, it is possible to 

adjust the ratio and composition of the composting mixture to allow the process to be guided in the desired 

direction. The optimization models focus primarily on waste management, including the energy system [40]. 

Most researchers performed the optimization of the composting process focused on waste management and the 

energy aspect of the process. Lukyanova [41] developed a model based on modeling spatial gradients, which 

can serve as an excellent tool for optimizing the composting process and designing the plant. The model is 

verified by data from several reactors, and then on a full-scale plant. Korucu et al. [24] used the MILP, to 

minimized waste management costs. Since municipal solid waste consists of different types of waste 

components with different physical and chemical properties, the model is designed to cover all appropriate 

treatments and methods for the disposal of various waste components. Iqbal et al. [25] have optimized moisture 

content and C/N ratio in their work. These two parameters were selected as response variables in the second-

order polynomial, using multiple regression analysis. The optimum moisture content by these authors is 50%.As 

quoted by Pilkington et al. [42]it is not possible to define a single optimumfora process since it can change 

depending on the level of otherfactors. 

 The current literature is based on optimization models used as technical and economical tools for 

decision-making that address the strategic and tactical supply chain in waste management [43]. These tactical 

models are useful for short periods of time (i.e. less than a year), but they offer long-term strategies [44]. 

Recommendations for optimal airflow intervals (0.05-0.175 L air kg
-1
min

-1
) and moisture content (40-55%) in 
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order to maximize the organic matter conversion in the process of co-composting of municipal solid waste and 

residues of leguminous plants can be found in papers [27,45]. The model was developed to minimize costs by 

taking into account the optimal physical-chemical parameters of the process. These authors have developed a 

method for optimizing with the application of a mathematical model for the composting process. The model was 

tested for several examples. 

The advantage of this research is that the presented methodology and models could be used for modeling and 

optimizing process parameters for mixtures of different compositions, given the fact that the initial moisture 

content and airflow are converted per mass of organic matter.  With small corrections in relation to the initial 

composition and process conditions, the applied methodology can predict the optimal values of process 

parameters and the maximum value of conversion for the organic matter. 

 

IV. CONCLUSIONS 
 The paper proposes a mathematical relation of the functional dependence for organic matter conversion 

from the initial moisture content in the material and the airflow per kilogramof the organic matter (R
2
=0.94). 

The given relation was used as an objective function in the optimization problem, whereby the optimal values of 

the airflow and initial moisture content were obtained: 0.296 (m
3
/(kgOT

-1
h

-1
)) and 61.6% respectively. The 

obtained values represent the local optimum, because the composting process is performed for mixtures of very 

heterogeneous composition, which gives satisfactory results in controlled conditions (SD 5% for the organic 

matter conversion batch reactor). These results can help to adjust the process parameters before the composting 

process is performed and thus allows the maximization of the degradation process of organic matter. The 

applied methodology in a simple way enables obtaining important process conditions, which shortens the time 

of preparation and execution of the process. 
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