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Introduction

The sharp increase in the amounts and the variety 
of available products on the market have also caused 
an increase in the amounts of different packaging and 
other elements that come with any given product. The 
large amounts of communal waste stem from different 

anthropomorphic activities, and different aspects of 
human consumption cause an increased demand for 
effective waste disposal by incineration, separation, 
recycling, or organic processing.

The object of modelling and simulation is the 
material flow of municipal waste during its processing. 
The disposed waste and generated emissions have a 
significant impact on the environment. Therefore, the 
processes for monitoring and optimizing the waste 
treatment are of crucial importance to minimize the 
amounts of disposed waste and emissions as well as their 
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Abstract

This article deals with research on the impact of waste incineration processes on the environment 
within a particular region by means of computer simulation and logistics principles. The area of interest 
 for this case study considers the aspects of the practical application of using the above methods and 
principles in order to reduce the environmental impacts of the waste incineration process in the Slovak 
Republic. At the initial stage of simulation model design, it is necessary to establish a formalized scheme, 
which is the basis for creating the actual simulation model. Then in the next stage the simulation model  
is created by combining building blocks within the given simulation software. The simulation results show 
that incineration during a one-year period produces about 15,266 tons of plastic and electrical components, 
and will release about 590,000 GJ of energy and about 199,000 tons of steam and 287 tons of other 
emissions with only 3 milligrams of dioxins. The computer simulation method is used to analyse, and 
subsequently adjust and improve the waste incineration process in order to achieve the desired parameter 
values – specifically the amount of heat produced, and the amount of generated steam and air pollutants.  
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simulation

*e-mail: martin.straka@tuke.sk

DOI: 10.15244/pjoes/81062 ONLINE PUBLICATION DATE: 



2

A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y 

• A
ut

ho
r C

op
y Straka M., et al.

negative impacts. The waste treatment companies do 
their best to ensure effective waste treatment (recycling) 
and to restrict environmental pollution. Modelling, 
simulation, and modern informatics offer some easy-
to-implement solutions in process automation for both 
small and big companies. The first step of modernization 
consists in analysing the existing systems for processing 
the data on emissions, their evaluation, and visualization 
to identify available technologies, development tools, 
techniques, and current trends in the data processing and 
is of high importance. The waste incineration process 
can be simulated to achieve better emissions control.

The technology of incineration systems has developed 
over the years and is currently in a state where this form 
of waste disposal can be environmentally friendly, with 
the added value of produced thermal energy [1]. The 
acquired thermal energy can then be used for heating 
purposes, or be transformed into electrical energy. An 
efficient incinerator is not only assessed by the amount 
of thermal energy utilization, but also by the levels of 
emissions and quality of the ash it produces [2]. The 
thermal energy has some significant advantages, such 
as the greatly reduced volume of waste; the disposal 
of fungi, bacteria, and germs; and the production of 
thermal power. There are, however, some disadvantages 
in terms of environmental impact, such as the production 
of various toxic gases. As it is highly unlikely that there 
should be occur any significant decrease in the amount 
of available products on the market and that the rate of 
consumption will not cease, one can safely forecast that 
there will be an increased demand for efficient waste 
disposal by incineration. Therefore, it is important to 
pay attention to the environmental protection aspects of 
waste disposal in incineration facilities. As the future 
development in this area can only be estimated based 
on the statistics and conditions from previous years, it 
is appropriate to apply computer simulation tools. On 
the other hand, considering that this issue involves flow 
management and streamlining of production processes, 
the implementation of logistics principles is also highly 
appropriate.

This appears to indicate a problem that is related to 
the effective use of means of computer simulation and 
principles of logistics for the needs solutions for reducing 
the environmental impacts of the waste incineration 
process in the Slovak Republic and thus ensure 
sustainable environmental development in the region. 

Under the process of waste incineration one can 
understand a production system with its components, 
and facilities with their flows [3]. Due to large variations 
of waste types and difficulties in feed characterization 
(physical, chemical, and thermal properties), the 
incineration process meets great challenges in 
smooth operation, with substantial fluctuations of gas 
temperatures within the system [4]. The aim within this 
case study is to set up the system of waste incineration 
in a way where the negative effects of its activities and 
the associated environmental impacts are minimal. 
In an ideal case there would be no negative impacts 

whosoever. In terms of flow management of waste 
streams, it is suitable to utilise the logistics principles, 
modelling, and computer simulation to manage and 
effectively streamline the processing flows. According to 
the Council of Supply Chain Management Professionals 
[5], “Logistics management is that part of supply chain 
management that plans, implements, and controls the 
efficient, effective forward, and reverses flow and storage 
of goods, services, and related information between the 
point of origin and the point of consumption in order to 
meet customers’ requirements. Logistics management is 
an integrating function, which coordinates and optimizes 
all logistics activities, as well as integrates logistics 
activities with other functions, including marketing, sales 
manufacturing, finance, and information technology.”

The aim of this case study is to discuss the use of 
computer simulation and logistics for the management 
of waste incineration processes in the context of 
environmental protection. No less important is the 
combination of these three approaches within one 
cohesive methodological framework to achieve the most 
efficient waste incineration process within the region 
of interest, and thus to ensure in practice the long-term 
sustainable development of the environment.

Theoretical Base  

Logistics, Simulation, and Modelling 
in the Environment

To achieve the highest production performance by 
maximizing efficiency, logistics at the strategic, tactical, 
and operational level defines and proposes actions that 
lead to the desired results using all available means 
of science and technology, economics, and computer 
science. By applying logistics, the companies are 
trying to reduce and minimize costs, thus trying to 
ensure market competitiveness. The aim of logistics is 
to create a single, integrated, optimized material flow 
that can be created by connecting the various parts of 
the system so that a continuous exchange of goods and 
services can be provided. Logistics is gradually evolving, 
and at the same time the views on its scope and level 
of influence are evolving [6]. The process of waste 
management is important for the health of the public, 
and for aesthetic and environmental reasons [7]. Waste 
processing and disposal and the streamlined processing 
flow performance can be provided by means of reverse 
logistics [8]. According to Hu et al. [9], “Reverse logistics 
is referred to as the process of logistics management 
involved in planning, managing, and controlling the flow 
of waste for either reuse or final disposal.” According to 
the Council of Supply Chain Management Professionals, 
reverse logistics is defined as [5], “a specialized segment 
of logistics focusing on the movement and management 
of products and resources after the sale and delivery to 
the customer, and includes product returns for repair and/
or credit.” 
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The importance of reverse logistics increases along 
with the world population expansion [10-12], which 
causes proportional increases in the amount of generated 
waste that needs to be processed. When planning waste 
management, it is important to know that the choice of 
the waste treatment method affects processes outside 
the waste management system [13]. In waste treatment 
processes different materials and products are usually 
mixed [14]. Currently it is not possible to effectively 
manage material flows or waste flows without the use and 
application of principles, methods, and logistics systems. 
One of the available approaches to analysis, research, 
and streamlining of processes that can be used within 
the methodological apparatus of logistics is computer 
simulation.

Since the 1950s, simulation has undergone 
considerable transformation and rapid development. 
The simulation systems are tailored for the needs of 
companies by creating computer simulation models that 
reflect closely the systems to be simulated. Simulation 
systems make it possible to make quick adjustments in 
the generated models to reflect changes that may occur in 
the real system. Although simulation modelling is not a 
tool for obtaining the optimal solution, it does allow you 
to test different output decisions on the simulation model 
[15-16].

The model allows carrying out experiments to 
evaluate, analyse, and optimize the results that can 
be used for the real system. The simulation models 
developed through simulation systems like Simul8, 
EXTENDSIM, Tecnomatix Plant Simulation, Witness, 
and the like are object-oriented, work on the principle 
of discrete simulation [17-18], and are focused on events 
and processes. A significant part of the added value is 
represented by the professional animations that the 
simulation systems are able to generate [19].       

If we want to understand the mechanisms associated 
with the waste incineration process, it is necessary 
to realize a significant amount of work. This is being 
approached by 3 work routes: plant/process (analysis), 
modelling and simulation, and other desk study [20]. 
Modern European incinerators are similar, with 
electricity production [21-22]. This incinerator system is 
the same in our case study in the Koksov-Baksa factory. 
Research of evaluation of logistics and waste incineration 
processes requires the application of simulation systems. 
Evaluating solid waste incineration is necessary for 
setting the whole system to efficiency level as the 
economic part and the technical part, too [23]. Effective 
waste incineration depends on the interaction of several 
factors. As planning for sustainable municipal solid 
waste management has to address several inter-connected 
issues such as landfill capacity, environmental impacts, 
and financial expenditure, it becomes increasingly 
necessary to understand the dynamic nature of their 
interactions [24-25]. Modelling and simulation are 
standards for research of solid waste incineration [26-29]. 
Understanding incinerator operations is a fundamental 
prerequisite for achieving of the maximum productivity 

of the technology and its efficiency [30]. This means 
that incineration activities will lead to a reduction in the 
produced flue gases. Researchers often use modelling 
and simulation as the best way to solve defined problems 
in the branch with waste incineration [31-32].            

With these options available, different systems 
investigators are able to better understand the details 
of the operation within the system and to address them 
in terms of effective utilization of business resources. 
Such system analysis through computer simulations 
also address the conditions that are extreme, unlikely or 
impossible, and dangerous for the studied systems, people, 
nature, the environment, and where in reality it would  
not be possible to breach the defined standards. This 
makes it possible to understand the system operation also 
in risk conditions of risk and with certain probability 
estimate the behaviour of the system, or to define 
procedures that under certain ecological status must be 
implemented. 

Data for Computer Simulation Waste 
Incineration Design

To build a complex simulation model of the waste 
incineration process within a particular region in Slovakia 
it is necessary to prepare and carry out a thorough 
analysis of the given system. The waste incineration plant 
in question can be classified as an industry in the area of 
the chemical processing with ties to the waste logistics. 
The input into the system is formed by hauling thousands 
of tons of communal waste from the city of Kosice and 
its surroundings. The main activity of the company is the 
disposal of imported waste by separation, sorting, and 
actual incineration.

Based on the results of the system analysis (in this 
case represented by the waste processing company) one 
can derive the following findings:
 – Every year, 83,000 tons of waste get imported into 

the company after going through several levels of 
separation.

 – The first separation is intended to separate plastics, 
electrical components, and wood from imported 
waste. The total volume of imported waste is 
composed of 19% plastic and electrical components 
and up to 10.00% wood in a variety of forms. The rest 
is represented by more than 71% of miscellaneous 
municipal waste.

 – The second phase of separation occurs during the 
waste incineration phase, right after the actual burning. 
The resulting product of the incineration process and 
the subsequent separation consists of about 3% of ash, 
90% of incinerated waste, and about 7% gases that 
arise in the process of waste incineration. The gases 
then pass through the filtration process, where the 
total volume of the flue gases consists of 65% steam 
and 35% other emissions.

 – The third phase of separation relates to the separation 
of the resulting burned material and is focused on 
separating metals from the remaining solid burned 
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material. There is about 2% of metal in the charred 
mass, and the remaining 98% is a clean clinker. 
In terms of the overall process of waste incineration, 

some additional stations must be mentioned:
 – One such station is the detection and measurement of 

the waste humidity level. If the waste is too wet, it is 
necessary to reduce overall waste moisture by mixing 
it with dry wood material. For this purpose, separated 
wood waste is acquired from the imported communal 
waste. If necessary, this dry wood is added into the 
wet waste mixture. The amount of wood material that 
needs to be added into the waste mixture depends 
on the overall level of annual rainfall. If there is a 
wet year with heavy rainfall, then more wood must 
be added. If there is a dry year, the wooden material 
needs to be added only occasionally. Overall, it can 
be stated that from the total volume of imported 
waste, 70% consists of dry waste without the need to 
add wood material and 30% consists of moist or wet 
waste, where there is a need to add dry wood into the 
mixture due to the high humidity levels.

 – The second station that must mentioned follows the 
process of burning and magnetic separation. The 
incinerated waste is a hot material, called bottom 
ash or clinker. This clinker must be cooled by adding 
waste. For this activity about 10,000 m3 of water are 

used per year. The cooled clinker is then stored in a 
landfill within the company premises.

Designing a Simulation Model for Analysing 
Waste Incineration

A Formalised Scheme and Block Diagram 
of Waste Incineration

From the information above, and after analysing 
the activities in the case study company, a formalised 
scheme for incineration can be compiled (Fig. 1). The 
formalized scheme represents the overall system with 
its features and links. Elements of the system consist 
of individual parts, namely operations management. 
Between operations, there are relationships formed by 
elements of transport, management of waste flows, and 
by generated and separated material types like plastic, 
electrical, metals, fly ash, and clinker. Within the 
examined system is the main purpose for monitoring the 
amount of energy produced, of the amounts of released 
steam, and of dioxins.

Prepared formalized structure forms an important 
basis to create the actual simulation model. The individual 
parts of the formalized scheme are then subsequently 

Fig. 1. Formalized scheme of incineration process activities within the case study company. 

Fig. 2. Block diagram for the simulation system EXTENDSIM showing the incineration process activities within the case study company.
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replaced by the building blocks of the relevant simulation 
system. The creation of a simulation model consists of 
two parts:

The first part is represented by block diagrams of the 
respective simulation system (Fig. 2).

The second part is the actual simulation model  
with the implementation of research analysis and from 
data collection about the waste incineration process  
(Fig. 3).

Assembling a block diagram as the basis for the 
actual simulation model is an important step to prepare 
the data and information that are then used as the input to 
properly set the individual blocks within the simulation 
model.

The statistical data obtained from the case study 
company from the area of Kosice surroundings and 
Koksov-Baksa shows that the amount of waste supply 
into the company complex is 83,000 tons per year [33-
34]. A detailed analysis of the data shows that on average 
every 6 to 6.5 minutes another load of waste is brought 
into in the company complex in the amount of one 
ton. Therefore, the input of waste into the incineration 
process will be modelled by triangular distribution with 
the following parameters: from 6.39 minutes to 6.52 
minutes with modus value set to 6.45 min per one ton 
of waste. The input waste is temporarily disposed of on 
a landfill from which it is further processed. The landfill 
is represented by the block “Queue.” Next comes the first 
waste sorting – separating plastics, electrical components, 
and wood from the rest of waste for incineration. The 
block diagram for the simulation system EXTENDSIM 
the operation of separating the waste is represented by 
the simulation block “Select Item Out,” which represents 
the identification of wet waste if there is the need to mix 
in a dry wood material. 

Mixing wet waste with dry wood is modelled by 
the “Select Item In” block. Next follows the placement 
of waste into the container prior the incineration, from 
which with the help of a large crane it is collected and 
shifted into actual incineration. Modelling this container 
is achieved by the “Queue” block.

Next follows the separation into the monitored items, 
which are the energy released during incineration, the 
waste and water steam, and emissions. The emissions 
monitoring system is focused on identifying dioxins. 
These parts are modelled within the block diagram 
represented by the set of blocks “Unbatch”–“Select Item 
Out”–“Unbatch,” and by “Unlatch”–“Select Item Out”–
“Batch.”

“Unbatch”–“Select Item Out” divide the total flow of 
waste produced into the monitored parts, namely energy, 
steams, and dioxins.

Block “Unbatch 8.36” represents waste incineration 
with the released energy. Physically and statistically 
it can be concluded that the incineration of one ton of 
waste releases 8.36 GJ of energy. “Unbatch” mimics the 
formation of energy during the simulation run.

“Unbatch 2.817” in the block diagram represents waste 
incineration with the release of water steam. Physically 

and statistically it can be stated that the incineration of 
one ton of waste releases 2.817 tons of steam. “Unbatch” 
mimics the release of water steam during the simulation 
run.

“Batch 20,000” in the block diagram represents the 
release of dioxin emissions during waste incineration. 
Physically and statistically it can be stated that about 3 
milligrams of dioxins are produced, which means that 
for 20,000 tons of incinerated waste, about one milligram 
of dioxins is released. The “Batch” block simulates the 
generation of dioxins during the simulation run.

The prepared block diagram model of incineration 
represents the inactive part of the actual computer 
simulation model. Next follows the application of a 
block diagram for this particular simulation system. This 
application changes the inactive scheme into an active 
computer simulation model. The output achieved by the 
implementation of this active simulation model is data 
that represent the current state of the waste incineration 
process in the case study company. By adjusting 
parameters and by examining other influences on the 
system within the simulation model, one can define 
recommendations and improvements for operation of the 
waste incineration process in terms of their impact on 
the environment. By implementing the recommendations 
that are based on the computer simulation outputs, one 
can improve the area of waste incineration in terms of 
environmental performance and the economics of the 
company, but also in terms of the technical-technological 
equipment of the company, and last but not least in terms 
of the total logistics of the company. All the above-
mentioned aspects involve social and human aspects.

Simulation Model Design of Waste 
Incineration 

The simulation model of the incineration plant 
consists of blocks (Fig. 3) that represent the monitored 
part. Each block of the simulation model has its 
own meaning and justification. However, not all the 
operations can be modelled by a single simulation block. 
Often a combination of simulation blocks must be used 
in a sequence corresponding to the real combination of 
the incineration process activities. A no less important 
part of the simulation model is the consistent parameter 
setting within the simulation model. The data used for the 
setting are retrieved from the outcomes of the analysis of 
the formalized scheme and from the block diagram.

Parts of the simulation model are characterized by a 
sequence of blocks that are interconnected by lines that 
determine the direction of the production flow. The main 
characteristics of the individual simulation blocks are 
defined by the position, by the icon and the name of the 
block, the block connectors, and the dialogue windows 
with operands and flows.

Each used block occupies a certain place located in the 
simulation model that represents the real studied system. 
The blocks themselves represent specific processes, 
facilities, or activities that together represent the actual 
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model of the real system of the incineration plant within 
the case study company.

Each block has its own unique icon and its unique 
name that reflects its basic use within the model. The 
“Create” block represents the generator of the input 
requirements (the batches of waste in tons) into the 
model; the “Queue” block is used to create any kind of 
storage or a queue consisting of a series of requirements, 
with a defined input into the queue and an output from 
the queue. The block called “Exit” represents the output 
from the model for the requirements entering this block.

The block connectors enable us to connect the 
simulation blocks, taking care to observe the rule that 
you can always connect only the input connector with 
the output connector. By connecting 2 different blocks 
a logical sequence of blocks is created that reflects the 
real system.  

Linking the block ensures the creation of a flow 
and enables its management and control. Connecting 
blocks must represent the real sequence of blocks, as it 

is in the examined system. By connecting 2 units via 
the connectors, a flow line gets created (double or single 
line) that uniquely defines a sequence of blocks and the 
direction of flow of requirements and values.

Dialogues and operands are specific items, block 
properties, which are characteristic for the individual 
blocks and necessary for the operation of individual 
blocks. By opening a dialogue window all the specific 
parameters and properties for the block can be displayed 
and subsequently specified.

Environmental Assessment Based 
on Simulation 

The advantage of the computer simulations approach 
is that it is possible to examine conditions that would not 
be possible in reality, considering the safety of company 
workers. The simulation mimics the actual operation 
of the system for a period of one year, or 8,760 hours. 
The input of one element in the system represents the 

Fig. 3. Simulation model of waste incineration activities in the case study company with a focus on energy, steam, and dioxins.

Fig. 4. Production of plastics and electronic materials from the separated waste in a one-year period.
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arrival of one ton of waste into the incineration plant. 
The simulation results show that incineration during a 
one-year period produces about 15,266 tons of plastic 
and electrical components (Fig. 4), and will release about 
590,000 GJ of energy (Fig. 5) and about 199,000 tons of 
steam (Fig. 6) and 287 tons of other emissions with only 
3 milligrams of dioxins (Fig. 7).

By examining the different settings for the waste 
incineration processes within the case study company 
in the Slovak Republic it can be stated that the overall 

reduction of the emissions amount, during and after the 
incineration process, is directly linked to a thorough 
waste separation process at the waste input. This point 
needs further investigation, especially considering the 
chemical composition of the input waste in terms of 
content. The findings indicate that many of the input 
waste components can be recycled without the need for 
actual incineration. This activity is highly dependent 
on intensive logistical activities and on the interest of 
other waste-processing companies to accept separated 

Fig. 7. The production of dioxins from waste incineration for a one-year period.

Fig. 5. The release of energy during incineration for a one-year period.

Fig. 6. The production of steam from waste incineration for a one-year period.
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materials. In conclusion, it is possible to present the 
overall simulation model of the entire waste processing 
and incineration plant.

The significant impact on the environment of 
municipal waste incineration is caused by the release of 
heavy metals and dioxins into the atmosphere. During 
the incineration process, the burning plastic packaging 
in the waste as a by-product releases the toxic dioxins. 
This substance belongs to one of most dangerous 
chemicals, which leaves lasting effects on all components 
of ecosystems, including the human body. The possible 
release of dioxins might occur in particular during:
 – Incineration of municipal and of medical waste.
 – Incineration of hazardous industrial waste.
 – The process of manufacturing and incinerating PVC 

plastic.
The analysis of the simulation model outputs for 

the waste incineration process as well as real data from 
practice show that dioxin levels are at 3 mg per year.

A significant element of municipal waste is plastic 
waste. Since within the city of Kosice and its surroundings 
included implementing increased promotion and other 
measures focusing on the waste separation, it can be 
concluded that the volume of toxic dioxins for the last 9 
years did not exceed 3 mg per year. 

Results, Discussion, and Conclusions 

Many research studies show that adverse 
environmental impacts can be minimized by reducing 
the amount of waste production (whether within the 
industrial or municipal sectors), and in this way also 
reduce the related emissions release. An essential step 
in waste reduction is the use of green materials as well 
as its secondary recovery, starting with the separation of 
waste.

Currently within the case study company, the 
operating costs are mainly affected by the composition of 
the input material for incineration, the amount of waste, 
the amount of used fuel, and the amount of natural gas 
needed to support the burning process. This indicates 
that a cost reduction is possible by ensuring a thorough 
separation of input materials. This was achieved by 
raising awareness among the population toward the 
sorting and secondary recovery of municipal waste, 
which indirectly also affected the total cost of fuel (less 
waste means fewer trips for waste transport vehicles) 
and also the costs of the actual incineration process due 
to the smaller amount of natural gas used. Therefore, 
throughout the entire product life cycle from raw material 
acquisition through production, use, and disposal at 
the end of product life (including the recycling and the 
final disposal – from cradle to grave), it is important to 
perform efficient sorting of related waste such as product 
packaging. 

The results of these years of research for this case 
study show that the correct operation setting of waste 
processing, utilising the principle of logistics and modern 

technologies, while adhering to current legislation for 
the field of waste, can lead to achieving sustainable 
development of the environment within a given region.

The role of computer simulation to solve the case 
study problem consists of capturing the actual state 
of the system within the virtual environment of a 
computer simulation model and the implementation of 
this simulation model for testing of even extreme case 
scenarios. This provides important information about 
the behaviour of the system, which in reality cannot be 
otherwise obtained. There is a clear impact of logistics on 
the studied system, considering the efforts to streamline 
the waste flow within the plant operation. The main aspect 
relates to the use of logistical principles such as system 
approach, algorithms, planning, and global optimization 
method to solve a defined problem in the field of waste 
management. 

Environmental assessments are an important 
step in building and implementing an environmental 
management system (EMS) that consists of the 
development and evaluation of the analysis followed by 
the adoption of measures to remedy deficiencies. The 
aim of analysis of the environmental situation within the 
region of the case study company is fact-finding in the 
field of environmental protection that affects production 
and non-production operations, and should be monitored:
 – Manufacturing practice compliance of the company 

with the current legislation.
 – The status of operational documentation.
 – The status of internal and external communications 

in the area of the environmental protection.
 – Responsibilities and liabilities between departments 

and employees.
Despite the amount of obtained results, there are still 

open questions and topics for further research such as:
 – Is this approach also an applicable solution for 

managing hazardous waste?
 – How will the impacts of the waste incineration 

process be affected by extreme climate change?
 – What influence can the combination of a climate 

change and the continuous waste incineration process 
have on the populace?
Technological developments in the future will make it 

possible to recover up to 100% of waste without the need 
for incineration, which at the current state of technology 
“is not possible.”
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