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ABSTRACT

This paper presents an overview of thermal waste utilization. Basic aspects of each process have been
discussed, focusing on incineration, pyrolysis and gasification. Moreover, there is a brief comparative analysis of
some characteristics (temperature, product, primary products and so on) of stated above processes and
advantages and disadvantages of the whole processes. Pros and cons were chosen due to environmental,
economic and energy criteria. Gasification process was discussed in deeper way. Pros of the gasification were
shown in the comparison of other thermal methods of waste disposal.

The main idea of the paper is to provide information related to the gasification and one of the types — plasma
gasification - and to prove the necessity of using such method in waste disposal. Plasma gasification has less air
emission and slag toxicity than other thermal technologies for waste disposal.
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1. Introduction

Currently the problem of waste disposal is one of the most pressing issues for the global society. Each year
more than 29 billion tons of waste is produced in the world. Most of it is taken to the landfill, where it continues to
contaminate the environment with harmful substances from their composition. According to the European
Environment Agency, in 2012, municipal waste generation per capita was highest in Switzerland (694 kg / capita),
Denmark (668 kg / capita) and Cyprus (663 kg / capita), and lowest in Romania (271 kg / capita ) and Albania
(262 kg / capita) [1]. These data reflect differences in economic well-being of countries. More rich and affluent
countries produce more municipal waste per capita.

Most share of the waste about 25-30% is organic: low-quality lignite, petroleum residues and other
combustible waste types. Utilization of these types of waste is one of the most environmentally harmful, inefficient
and uneconomical process. This kind of waste is an epidemic threat disrupting aesthetic appearance of the city and
surrounding areas [2].

Statistics from the European Environment Agency shows the need of a more effective method for recycling.
In the world practice utilization and disposal of waste thermal, chemical, biological and physic-chemical methods,
and combinations thereof are used. The article presents most noteworthy in our opinion approaches for practical
technology.

This article describes thermal methods of waste disposal. The most used types of thermal methods are
combustion, gasification, pyrolysis, heating in air, vacuum, etc. Thermal methods typically include such steps as
preparing sludge for processing; high-temperature processing; multi-stage gas cleaning; heat recovery; organic by
side (gas oil) and mineral products (oxides, cement, mineral salts).

In emphasis of the article is on plasma gasification. This method has become most prevalent in the last 20
years. The advantages of this method are the high efficiency and productivity of the process, as well as a large
variation in the resulting products.

2. Thermal methods of waste disposal

Thermal methods of waste disposal include pyrolysis, combustion and gasification. Each method is
discussed below in more detail. Pros and cons of methods were related to the

High-temperature combustion (incineration)

This technology is mainly used in Europe for the incineration of hazardous waste in rotary kilns; however,
the process can be applied for other types of furnaces [3]. Incineration temperature in the furnace is brought
up to 1500 ° C, which gives advantages in comparison with the same process taking place at 800-900 ° C [4].

Figure 1 provides an overview of the process of waste incineration. Waste through the hopper 1 and hopper 2
is fed into the rotary kiln furnace 4. A is activated by ignition device 3. The combustion products from the furnace
set with a slope of 2-5 degrees come into the after burning gasifier 7, where they are neutralized at the temperature
above 800 ° C in the flame of the burner 8. Through exhauster 10 they are then transported through the cooling
apparatus 9 (waste heat boiler, water heater and so on) and discarded through a funnel 11 into the atmosphere.
The resulting ash (4-6%from the overall waste weight) from the collector 5 through conveyor 10 is transferred into
the warehouse 12. The ash can be used as filler in the manufacture of building materials.

Into the air
Y

'H
H P.. .

Figure 1. Scheme of incineration process
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Efficiency of incineration comes up to 40 % that is one of the lowest efficiencies in the thermal processes.
Nevertheless, it is widespread method of waste disposal used in Japan (about 70% of all waste is disposed in this
way) due to the high density of buildings and population, as well as the lack of space for storage of solid municipal
and industrial waste.

High temperature combustion offers several advantages over other waste utilization processes: (1) reducing
the amount of unpleasant odours during utilization, (2) decreasing the amount of harmful bacteria, emissions, (3)
the resulting mass does not attract rodents and birds, (4) there is a possibility when burned to produce energy (heat
and electricity).

From the other side, it still has disadvantages that make incineration not environmental friendly and high
costly process for waste utilization. They are (1) significant environmental disadvantages (for example, large
amount of secondary waste, which cannot be used), (2) relatively low temperatures that do not allow to fully
decompose complex organic compounds and (3) large volume of flue gas, which increases cleaning costs.

Pyrolysis

Pyrolysis is thermal treatment of organic and inorganic compounds with a limited amount of oxygen. Widely
used at present on a commercial scale is tubular furnaces pyrolysis. The design of the pyrolysis equipment is
determined by the nature of the raw materials that is used. In general, it includes two main sections: "hot", where
pyrolysis feedstock and recycle are carried out, and "cold" - responsible for the separation and purification of the
resulting products [5]. The effectiveness of this method of disposal is 80-90%, which is the highest of all methods
of thermal utilization. Figure 2 is a schematic diagram of the process pyrolysis waste disposal.

Primary gas
Load of hiomass combustion, Cooling of gases
t=2380°C

. . Post-combustion o

Pyrolysis reaction | Emission of gas

zone of gases. cooling
1=2380°C

Figure 2. Scheme of pyrolysis process

The advantages of such method are (1) combustion temperature of over 900 ° C hazardous substances are
decomposed without getting into the environment, (2) production of pyrolysis oil, that could be used in the plastics
industry, (3) isolation of the pyrolysis gas which is produced in sufficient quantity to provide energy production, (4)
no waste sorting is required (high-temperature pyrolysis). On the other hand, it presents some disadvantages, such
as the formation of harmful chemicals, high costs of equipment and large energy consumption. For this reason,
pyrolysis is not so popular in industrial scale as incineration.

Gasification

Gasification is a high temperature thermo chemical process of organic mass interaction with gasification
agent, resulting in the production of a mixture of gases (“syngas” or "synthesis gas") [6]. Gasification waste disposal
technology was taken from metallurgical industry where gasification in various types of reactors (chamber, cyclone,
etc.) at temperatures from 600 ° C to 1100 is widely used for obtaining flammable gases from drilling
high-ash coal [7].

Gasification methods' classification can be based on various principles. By fuel state can be distinguished
fixed bed or gradually lowered bed gasification, “fluidized bed" method and pulverized fuel flow gasification.

Coal gasification is an endothermic process. By the method of supplying heat can be distinguished
autothermal processes in which heat, required for the gasification is obtained by burning portion of fuel injected in
the presence of oxygen-containing gasificating agent, and allo- thermal method, in which the required heat is
supplied externally by a solid or gaseous coolant.
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The process is carried out in the working gasifier of the reactor, which is a single volume that can be
functionally divided into three zones:

1. Below lance level zone is the place, where reaction of metal-slag interaction takes place, both at the
boundary metal bath - slag bath, and on the border of settling metal drops. When the content of iron oxides
in the slag is less than 3%, mainly these are reactions of distribution between metal and slag sulfur,
manganese, silicon and other impurities. At higher concentrations of iron oxides in the slag decarburization
of metal droplets and of metal at the hearth becomes possible. This reaction is accompanied by emission of
CO, which leads to improved mixing, increase of the flow of iron oxides to the metal bath and acceleration
of decarburization.

2. Zone of intensely stirred slag. Lances are installed in the longitudinal walls of the reactor in this area, through
which melt is blown by oxygen containing blast. In this area, all the basic physical and chemical
transformations take place: heating coal particles, removal of moisture and volatile components, gasification
of carbonized coal particles, flux dissolution, reduction of iron oxides from coal slag particles with carbon.
Slag movement speed in this area is significant and is about 1 m/ s.

3. The zone above the molten slag. In fact, this part of the reactor gasifier is a bottom of the boiler, however,
functionally belongs to the gasifier. In this zone, there is a significant amount of slag splashing. Slag
splashing form on the walls continuously drained slag film. There are lance in the walls for partial post-
combustion of gases released from the slag bath. These lances are designed to maintain and regulate the
temperature of the slag bath and are used when needed.

One of the main products of gasification technology is syngas. Synthetic gas can be utilized for the production
of electricity, heat energy and other purposes. The quality of the synthesis gas depends on the type of the feed,
temperature, residence time, etc. [8]. Syngas composition includes the following gases: CO, H2, CH4, and CO2.
As the temperature increases grows the amount of carbon monoxide, increasing pressure grows the amount of
hydrogen and methane.

The main advantage of gasification (at least from the environmental point of view) is a low level of negative
effects on the environment. This is primarily due to rather long process (longer than 3 seconds) - at first gaseous
products stay in the zone of oxidation (combustion) at temperatures of 1000 -1200 OC and then in a reducing
(anoxic) syngas formation zone. Under such conditions most dangerous substances - dioxins, furans, PCBs,
benzopyrenes and other polycyclic aromatic hydrocarbons are thermally decomposed and reductively dechlorined.

Another advantage of gasification, if compared with direct combustion, is much smaller volume of gas to be
purified. Furthermore, as a result of complete gas fuel combustion there is significantly less (in times and in some
situations an order of magnitude less) number of environmentally damaging chemical compounds (like in the flue
gas and the ash residue).

Finally, gasification compared to direct combustion shows less incomplete combustion of fuel as almost
100% conversion of carbon during its transition from a solid to a gaseous state takes place and syngas / bottom
ash has practically no soot / unreacted carbon.

As a result of the overview of thermal waste utilization processes, we provide a brief comparative description
of thermal disposal methods: high-temperature incineration, pyrolysis and gasification in the Table 1.

Table 1. Main characteristics of thermal disposal methods

Characteristics Incineration Pyrolysis Gasification
Efficiency,% 35-37 80-90 39-42
Primary product heat unsaturated hydrocarbons Syngas

800 - 900 °C
Temperature Up to 1500 °C (medium temperature and 600 — 1100 °C

high temperature)
without the participation of

Process complete oxidation oxygen partial oxidation

Type of waste bes'des |r1d|V|duaI any kind of waste any kind of waste
inorganic types

Maximum humidity of 70-75 45 10-60

raw material,%
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3. Main reactor configuration

A gasifier reactor is one of the main components of the production of syngas. The reason is production
syngas production should be as steady as it would be possible. There are plenty of variations of gasifiers, which
are described in the scientific papers and research [9-11]. The main different reactor configurations are: Downdraft
Fixed Bed, Updraft Fixed Bed, Bubbling Fluidized Bed, Circulating Fluidized Bed, Entrained Flow, Rotary Kiln,
Moving Grate [12]. All information was analyzed and below there is brief description of each configuration.

In the fluidized bed gasifier, air is blown through a bed of solid particles at a sufficient velocity to keep
them in a state of suspension. The bed is constantly heated and the feedstock is introduced when sufficient high
temperature is reached. The fuel particles are introduced at the bottom of the reactor immediately blended with the
bed material and almost instantaneously heated up to the bed temperature. As a result of this treatment the fuel is
pyrolysed very fast, resulting in a component mix with a relatively large amount of gaseous materials.

In the updraft gasifiers, gas is drawn out of the gasifier from the top of the fuel bed while the gasification
reactions take place near the bottom. As the producer gas passes through the fuel bed, it picks-up volatile matter
(tars) and moisture from the fuel. Therefore, the gas from the updraft gasifier contains condensable volatiles. The
design and operation of the gasifiers is such that the gas comes out at 200-400 C temperature. At this temperature,
most of the volatile hydrocarbons are in vapor form, which add to the energy content of the gas.

Downdraft gasifiers are fuel specific. Downdraft wood gasifiers can operate on wood like biomass materials
and biomass briquettes with a minimum bulk density of 250 kg/m3 and ash content of less than 5%. In downdraft
gasifiers, gas is drawn from the bottom of the reactor while the hottest reaction zone is in the middle. The volatile
matter in the fuel gets cracked within the reactor and therefore the output gas is almost tar-free. However, the gas,
as it comes out of the reactor, contains small amounts of ash and soot. Fig. 3 shows each type of the gasifier,
presented in this section of paper.

(a) fluid-bed gasifier (b) downdraft gasifier (c) updraft gasifier
/_\ biomass biomass
gas ¥ ¥
L L ——
oxidizer gas
- = - =

ARL

biomass
= tt ¢
gas oxidizer

. - -
oxidizer \?/
as

Figure 3. Diagrams of the reactor’s types: (a) fluid-bed gasifier, (b) downdraft gasifier, (c) updraft gasifier.
Source: R.M. Navarro et al [13]

Based on this review, it cannot be concluded on the best effective configuration from the different
experimental results which are strongly linked to the reactor used and the elementary composition of the waste
treated [12].

4. Plasma gasification process decryption

At the most basic level, the plasma is thermal energy with a very high temperature. Under natural conditions
the plasma is formed by lightning strike when the air is heated around the flash of lightning, turning into plasma with
a temperature of approximately 20,000 OS. Since the properties of plasma differ from the three normal States of
matter — solid, liquid and gaseous, sometimes it is called the fourth state of matter.

In the process of plasma gasification, the plasma is generated using plasma torches. Inside the gun creates
an electrical arc through which air passes to form the plasma. The plasma temperature of about 5000 OS is
constrained and directed into the gasifier.
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The plasma gasifier is a gasifier from which it displaces oxygen, heated to high temperatures by using
plasma. The environment inside of the chamber is devoid of oxygen processed in the gasifier source material is not
flammabile. Instead, the heat decomposes the source material into hydrogen and simple compounds such as carbon
dioxide and water. Organic components are converted into synthetic gas. Inorganic components such as glass,
metal and concrete, are melted inside the reactor and arise from its lower part as a non-toxic vitrified molten slag.

Plasma technology as an alternative to any combustion processes is the decomposition of complex
molecules into simple compounds by extremely high temperatures with the absence of free oxygen [14].

The process of plasma gasification (high-temperature pyrolysis or gasification of waste) is considered to be
very promising and cost-effective, as they process different types of waste (except nuclear) into energy and valuable
products for re-use [15].

5. Conclusion

Gasification could be a proposal as an alternative solution for waste utilization with energy production.
Plasma gasification offers better environmental performance through lower emissions, reduced volume of waste,
the vitrified slag, which could be either landfilled or serve as filler material, such as in road construction [16]. Taking
into account all aspects, it could be premature to indicate the gasification as the thermal processing strategy of the
future or even as a strong competitor for combustion systems [17]. The success of an advanced thermal technology
is determined by its technical reliability, environmental sustainability and economic convenience [17]. Moreover,
gasification has all rights to become one of the sources to produce energy on an industrial scale.

Plasma gasification has significant advantages over the other thermal waste utilization. Firstly, it is high
percentages of efficiency. The average efficiency is around 42 %. But depending on the type reactor and type of
waste it can be around 72 %. It explains that gasification technology advance constantly. Secondly, emissions of
CO2 during the process are the lowest in comparison with other thermal methods. Thirdly, it is high quality of the
products: syngas and solid rest. Syngas can be used when it is needed (immediately, reserve for the future used,
transported to a remoter user and so on). Solid rest is neutral and it can be used as a building material. Through
review and comparison we could observe that plasma gasification is more effective, more productive and cheaper,
especially than pyrolysis.

The paper shows plasma gasification process in general form: how produced syngas, main reactor
configuration, characteristics of the process in comparison with pyrolysis and incineration and so on.
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