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Abstract: Waste and associated risks are becoming an increasingly noticeable problem in 
environmental protection in our time. The management of especially industrial waste is a difficult 
and at the same time a significant problem. Incineration is the basic process of thermal utilization. 
The combustion process is not neutral for the environment, and is associated with the emission of 
dust, sulfur and nitrogen compounds as well as dioxins and furans. Therefore, combustion 
installations must be equipped with a number of devices for cleaning the exhaust gases. The most 
primary process of obtaining useful energy from biomass, i.e. combustion, is characterized by 
specific dynamics. Regardless of the technique, it is affected by physical and chemical processes. 
The condition of economic and technical correctness of co-firing is maintaining the optimal share 
of biomass in the fuel mixture and its appropriate quality. Effective co-firing of the prepared 
mixture can be carried out in existing grate, fluid and dust boilers. Pyrolysis is a stage in both the 
combustion and gasification process. In this process, as a result of the thermal decomposition of 
the structure of the organic fuel, we obtain carbonizate as well as tar and gas products. In the 
pyrolysis process, solid fuel is transformed into two other forms: gaseous fuel and liquid fuel. The 
share of individual forms and their composition depends on the type and composition of biomass, 
as well as the method of conducting the pyrolysis process. In highly developed countries, works 
are ongoing to improve and increase the efficiency of biomass combustion processes and co-firing 
of biomass with coal, also in circuits with a syngas gas turbine. In addition to the development of 
technology, great emphasis is also placed on the search for new methods of biomass processing, as well 
as methods of processing polymeric materials, which until now have caused difficulties in processing. 
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1. INTRODUCTION 

In the world in the face of global challenges, a rapidly 
growing population, one should look for efficient 
solutions that at the same time guarantee the sustainable 
development of plastic materials. Their versatility and 
high efficiency of using their resources means that they 
are important materials in many sectors such as 
packaging. The use of plastics allows the introduction of 
many innovations and the creation of new solutions and 
products. The durability of plastics means that they are 
efficient in use but at the end of their shelf life they 
become waste, which can be a new resource reintroduced 
into the life cycle of plastics and form a loop of a closed 
circular economy. The use of the full potential of plastics 

should be supported by recycling and the use of energy 
recovery, reducing the growth of plastic waste landfills – 
Fig. 1, 2. This applies to difficult in processing polymers, 
polymeric materials and polymer composites especially 
contaminated with additional substances [1]. 

In the world 335 million tons of plastic were 
produced in 2016. In the same year, 60 million tons of 
plastic were produced in Europe. In 2016, more than 8.4 
million tonnes of plastic waste were collected to be 
recycled inside or outside the EU The most popular 
plastics are still: polyethylene terephthalate (PET), 
polyethylene (PE), polypropylene (PP), polystyrene (PS) 
and polyvinyl chloride (PVC). The durability of plastics 
is the same, which causes a negative impact on the 
environment, i.e. the deposition of materials in the 
environment [2, 3]. 
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Fig. 1. Classification of waste management methods for polymer and composites materials waste 

2. ENERGETIC LIFE CYCLE OF 

PLASTICS 

Plastics are a group of materials containing 
structured macromolecular compound as a dominant 
element. Other components of this material are usually 
additives that modify the properties of the final 
material, i.e. dyes, stabilizers, flame retardants, 
foaming agents or fillers. Currently, several dozen 
groups of materials are known, but the category of 
large volumes (mass produced) includes: polyethylene 
(PE) sometimes differentiated into low density 
(LDPE) and high density (HDPE), polypropylene 
(PP), polyvinyl chloride (PVC), polystyrene (PS) and 
polyethylene terephthalate (PET). They all belong to 
the group of thermoplastics. The share of other 
polymeric materials does not exceed 20% by weight 
[4, 5, 6, 7]. 

 

Fig. 2. Plastic waste production in recent years [8]. Source: 
Reprinted with PlasticsEurope permission 

Initially, two main raw materials for the 
production of bakelite: formaldehyde and phenol, were 
obtained as a result of dry distillation of wood and 
coal tar [9].  

Energy recovery is a necessary, fully-fledged 
method of managing plastic waste, complementing 
recycling, enabling full utilization of the potential of 
waste for energy and heat production. Recycling is not 
an ecologically and economically viable recovery 
method for all plastics, as many factors affect the 
recyclability [2,3]: 
− the size and quality (homogeneity, purity, toxicity) 

of the waste stream collected in selective 
collection, 

− available sorting technologies, 
− market demand for products recovered from 

plastic waste and requirements for their quality. 
Therefore, for high-calorie waste fractions from 

sorting and recycling that cannot be recycled, the best 
option is energy recovery - compared to landfilling or 
forced recycling. Modern installations for the 
combined production of heat and electricity can use 
plastic waste along with other high-calorie materials as 
fuel. High-calorie waste is a valuable source of energy 
and heat, which can meet up to 10% of the energy 
demand of a given EU country. Solid Fuels from 
Waste (SRF), which waste plastic is a valuable 
fraction, are increasingly used for energy production 
as well as in energy-intensive industries such as 
cement plants, replacing fossil raw materials. The 
management of plastic waste in recent years is evident 
in Fig. 3. 

All waste energy recovery installations meet 
stringent environmental requirements, they are 
efficient and secure [10, 11]. 



 Wróblewska-Krepsztul J., Rydzkowski T. | Journal of Mechanical and Energy Engineering, Vol. 3(43), No. 4, 2019, pp. 337-342 339 

 
 

 

Fig. 3. Management of plastic waste [8]. Source: Reprinted with PlasticsEurope permission 

3. ENERGY RECOVERY 

The process of pyrolysis of artificial waste arouses 
great interest in the world of science due to the 
possibility of obtaining liquid fuel in the presence of 
exhaustible liquid fossil fuel [12]. Studies have shown 
that 80 wt% of liquid yield can be achieved in the 
pyrolysis process. Energy recovery is seen as an 
alternative to sustainable waste management – Fig. 4. 
The important parameters of the pyrolysis process 
were also examined, such as: temperture, the plasticity 
ratio of the components, the type of the fluidization 
gas deposit [13, 14, 15, 16]. 

The recovery and utilization of refuse to generate 
energy using appropriate technology is very expensive 
for the industry. Food chain waste includes food, 
beverage and food waste. According to the European 
Sustainable Development Strategy, waste is expected 
to be reduced through re-use. Food waste is estimated 
at 1.6 billion tonnes per year of all food produced [17].  

Pyrolysis is a process of thermochemical 
conversion of biomass in an anaerobic environment 
and is used for the production of coal, biofuels, solid 
gases and the water phase (process water). We divide 
the pyrolysis into three main types: slow, intermediate 

and fast, different in terms of temperature, heating 
speed and vapor residence times [18]. 

Fast pyrolysis takes place at a temperature below 
500°C, whereas indirect pyrolysis uses a lower 
temperature range of 350 - 450°C. Recently, interest in 
the rapid pyrolysis process has increased particularly 
because it provides economic benefits compared to 
other thermal conversion processes [19]. Rapid 
pyrolysis is the latest process associated with 
renewable energy, during which you can get a bio-oil 
suitable for easy storage and transport and it is used as 
a fuel, energy carrier, source of chemical materials 
[20]. It has been determined that pyrolysis oil consists 
of about 300-400 compounds and its aging process 
dependent on high temperature can be compensated by 
storing the product at lower temperatures. The quality 
and stability of the product can be changed by the 
influence of parameters such as: heating speed, 
pyrolysis temperature [21]. Fast pyrolysis is an 
advanced process that can be controlled to achieve 
high liquid performances. It is a high-temperature 
process during which the raw material warms up in the 
absence of air, evaporates and condenses to a dark 
brown liquid whose heating value is half of the value 
of conventional fuel oil.  
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Fig. 4. Energy recovery as an alternative to sustainable waste management of plastics [8] Source: Reprinted with 
PlasticsEurope permission 

It has been observed that the maximum liquid 
efficiency is obtained when the heating speed is high, 
at a temperature of about 5000°C during a short time 
to minimize secondary reactions as much as possible. 
Bio-oil is obtained with a yield of 75 wt.% on a dry-
feed basis. A by-product and gas are also obtained 
[22]. The pyrolytic process of thermal decomposition 
leads to three products: solid, liquid and gas bodies. In 
the process of biomass decomposition oil and tar are 
formed, i.e. mixtures of hydrocarbons, phenols and 
about 200 different organic compounds (aliphatic, 
aromatic, saturated and unsaturated). The gas fraction 
is a mixture of CO, CO2, H2, hydrocarbon gas (CH4, 
C2H6), calorific value steam is about 12 MJ / kg, and 
the profit from the conversion of biomass into heat, 
electricity and liquid fuel is in the proportions: 1: 3: 9 
[23, 24]. Considering the types of pyrolysis, two types 
of liquid fuels are distinguished. The high-efficiency 
rapid pyrolysis process produces biofuels that are 85% 
by weight. Their viscosity is low, they mix with water 
to 35-50% of the moisture content. They are 
susceptible to temperature, less stable, they can 
polymerize. They are suitable for burning in boilers, 
furnaces and engines. The second type is biofuels 
formed as a result of typical or slow pyrolysis. Their 
performance is less than 20% by weight [25]. In 
addition to pyrolysis, we distinguish processes such 
as: cracking, catalytic cracking, hydrocracking in the 
presence of hydrogen. In the case of cracking 

processes, their main products are fuel fractions, gas 
hydrocarbons, and liquid hydrocarbon blends boiling 
at 350 – 360°C (petrol and light diesel fuels) and coke-
stable solid carbonaceous solids [26]. In the case of 
hydrocracking, catalysts and hydrogen are used. They 
are designed to crack polymer chains and hydrogenate 
olefins. The products obtained in this way are of good 
quality. The disadvantage, however, is the high costs 
of such investments. The determination of suitable and 
effective cracking reactors is also a big challenge [27]. 

4. ALTERNATIVE PETROCHEMICAL 

GASIFICATION 

Polymeric materials constitute much more 
"ecological" fuel than a number of fuels 

fossil, containing heavy metals, toxic and even 
radioactive elements. The basis of gasification can be 
municipal waste together with the waste contained therein 
made of polymer materials previously subjected to the 
process separating only the most valuable ones 
ingredients: PET, polycarbonates, poly (methyl 
methacrylate).  

Gas purification from the gasification process, for 
energy and chemical purposes processing, is not 
a technical or economic problem for modern 
technology. The nuisance of such treatment is 
comparable or smaller than the nuisance of exhaust 
gas treatment from the incineration of municipal waste 
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or biomass. Many disadvantages processes running 
under combustion conditions is in the case of 
gasification (catalytic) – inhibited due to the presence 
of significant products in the stream amount of 
hydrogen. Solid fuel gasification is high temperature 
(600-1400°C), the process of converting them to fuels 
gaseous under the influence of a gasifying agent: 
oxygen, air, steam, carbon dioxide or mixtures thereof. 
Gasification products are: syngas, small amounts of 
methane, CO2, H2O, N2 and, depending on type of 
charge used, negligible amounts of H2S, NOx and 
oeladium quantities of NH3, HCl, HCN in the 
condensed phase there are flammable products - tar 
and carbonizate. Tar contains aromatic hydrocarbons 
(mainly toluene, naphthalene and phenol) and 
polyaromatic. A solid product gasification is mineral 
ash. With increasing temperature the proportion of tar 
decreases significantly in gasification products, its 
composition also changes -benzene becomes its main 
component (it constitutes over 50% aromatic fraction) 
[28, 29, 30].  

Gasification is beneficial for energy production 
processes from mixed feeds, this results in more 
efficient combustion and the resulting gas is 
a homogeneous fuel and can be used in energy-
chemical systems. Polyolefins, obtained from the 
pyrolysis of a wide fraction of products Fischer-
Tropsch and methanol synthesis, other monomers 
obtained in the methanol cascade processing, allow the 
re-production of polymers and polymer materials 
using processes in the mass balance waste of polymer 
materials contained in charge in the gasification 
process. Polymeric petrochemical materials are 
dependent on a shrinking mineral resource base. 
Considering the calorific value of plastic waste, it 
should be stated that it is large and comparable with 
the energy input of processing and the calorific value 
of energy carriers of refinery origin. These factors affect 
the perception of waste management of polymer 
materials.  

The strategy should include the recovery of what 
is valuable and at the same time easy to recover from 
the recovery of waste and energy by burning or 
gasifying cheap and difficult to isolate waste. The 
combustion preferably takes place by burning the 
materials together with coal, biomass and sewage 
sludge. The gasification and co-gasification process 
allows to obtain energy products such as high calorific 
fuels and synthesis gas for alternative petrochemical 
products. Obtaining olefins from the pyrolysis of a 
wide fraction of products 

Fischer-Tropsch synthesis and methanol 
conversion (MTO, MTP), obtaining other monomers 
from them, finally, their polymerization is the 
implementation of recycling of the second generation 
of raw materials. It is recycling that allows in the 
conditions of autothermal processes to obtain raw 

materials and new polymer materials from waste. This 
solution, thanks product transport possibilities (liquid 
hydrocarbons from F-T, MTO, MTP vs. technological 
heat from the incineration plant), increases the impact 
area, further increasing 

added value of raw material recycling technology 
(shortening the payback period). Energy recovery can 
be carried out at any scale. The directions and scale of 
product processing depend on profitability, logistics, 
the possibility of further use of products and 
connections resulting from production [31]. 

5. CONCLUSIONS 

The management of plastic waste is still a current 
problem related to economics, industry, and above all 
to environmental protection. There are several options 
for managing plastic waste, all of these processes are 
constantly improved so that plastics can be recycled 
that will have good mechanical quality and durability. 
The risks are still plastics made of various polymer 
materials, and the challenge for the world of science is 
still to create the possibility of separating such 
materials into individual components. When materials 
can not be subjected to a biodegradation process, 
energy recycling and energy recovery is an alternative 
to getting the benefits of plastics processing. The work 
of scientists focuses on better understanding of the 
process of pyrolysis and modification of polymer 
chain breakdown with the use of catalysts, taking into 
account the smallest possible defects that would have 
a negative impact on the environment. Scientists 
research also focuses on the possibilities of recycling 
particularly troublesome materials such as multilayer 
packaging and the best possible use of materials. 
Among the recycling methods, the most popular are: 
mechanical recycling, chemical recycling, pyrolysis 
and energy recovery. Researchers are still looking for 
new possibilities for the development of the 
biodegradation process using microbial activity. 
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