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Combustion Cleaning Methods in Dangerous Waste Incineration 
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Abstract : Two (dry and semi-dry) methods of cleaning the combustion products from the dangerous waste 

incineration process are discussed in terms of the environmental (emission limits, waste and emission volumes, etc.) 

and economic criteria (material balances) as well as the plant service life and operation. The dry combustion 

product cleaning method as a BAT technology is recommended as the most suitable one.  
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1 Introduction 

Waste incineration produces pollutants, i.e., solid, 

liquid, and gaseous substances which directly or after 

a chemical or physical change in the air, or in 

combination with another substance, have adverse 

effects upon the air, thus being dangerous and having 

harmful effects upon human health and/or other 

organisms, deteriorate the environment and/or inflict 

damages to property [1]. 

It is mainly the following products that are 

generated by waste incineration: 

- solid pollutants 

- sulphur oxide 

- nitrogen oxides 

- heavy metals (mercury, thallium, cadmium, arsenic, 

      nickel, chromium, cobalt, lead, copper, manganese) 

- hydrocarbons 

- halogenated hydrocarbon derivatives 

- other substances, such as dioxins. 

 

2 Waste incineration process 
Waste incineration represents a special area in the field 

of fuel combustion, characterized by specific properties 

compared to the conventional solid, liquid and gaseous 

fuels. The waste incineration  process  consists  of  

several  stages,  including  drying,  heat  accumulation,  

pyrolysis, ignition, flame burning, und after-

combustion. The combustion scheme is given in  

Figure  1. 

While conventional fuel combustion is more or less 

simple and the perfect combustion is significantly 

conditined  by  a sufficient  supply of air,  waste  

contains  components  the  incineration of  which  may  

cause irreversible  damages  in the case  of 

unprofessional  attendance. They mainly include  

fluorine and  chlorine compounds which - through the 

incineration house combustion products - may 

endanger the environment. By implication, the 

following four conditions must be observed for any 

incineration process:  

- sufficient amount of burning air, 

- sufficient amount of heat, 

- sufficient combustion temperature, 

- keeping combustion products in the high-temperature 

range. 

The principle of a sufficient amount of burning air 

follows the fuel combustion conditions requiring the 

sufficient amount of oxygen. The amount of burning 

air supplied is 1.5 to 2 times higher than the desired 

value because the waste composition may vary 

significantly. Therefore, an excessive oxygen volume 

must be ensured for any condituions. It should be, 

however, noted that excessive air reduces the 

combustion temperature. Hence, it is necessary for an 

operator to maintain these two values in balance. 
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Figure 1 Waste combustion process scheme 

The sufficient amount of heat is required for the 

rapid warming up of waste to the ignition point. Slow 

waste warm-up is accompanied with the risk that a 

considerable amount of pollutants do not burn down. 

Instead, they can evaporate and escape to air during the 

warm-up process. The sufficient amount of heat is 

reached by means of an appropriate fireplace design, 

its insulation and by additive fuel combustion. This 

amount of heat is closely related to the sufficient waste 

combustion temperature. Given the ignition 

temperature of carbon black is 700-750oC, the 

combustion product temperature in the fireplace area 

may not drop below  800°C. This guarantees the 

perfect burning of those waste components which 

remained after the release of volatile conbustible from 

the burning waste. Consequently, any industrial waste 

incineration house must be provided with an after-

combustion chamber with the temperature 900 or 

1200°C, depending on the waste type. All combustion 

products leaving an incineration house must reach this 

temperature.  

Like any other chemical reaction, the combustion 

of substances does not take place  immediately. A 

sufficient time is required for the combustion process. 

The combustion time ranges from 0.1 to 1 s. Therefore, 

any combustion products must remain in the after-

combustion chamber for 1-2 seconds. Moveover, the 

perfect mixing of all combustion products is a must. 

Table 1 Operation conditions for the combustion of 

dangerous waste according to Act No. 137/2010 of the Digest 

3 

O2 content in combustion product 11 % 

Temperature behind the combustion 

chamber 

min. 

850oC  

Temperature behind the after-

combustion reactor 

min. 

1150oC 

Combustion product delay min. 2 s  

O2 content at the combustion product 

outlet 

min. 6 %  

2.1 Emission limits for dangerous waste 

incineration houses 

The dangerous waste incineration house operators must 

observe all emission limits. An emission limit is the 

maximum allowable quantity  released to the air from 

the pollution source, expressed as a mass pollutant 

concentration in waste gases or a mass pollutant flow 

per unit of time or a mass pollutant quantity relative to 

the unit of production, or the air pollution level caused 

by the respective source. The following emission limits 

(in Table 2) apply to the incineration of special and 

dangerous waste types [3]. 
 

Table 2 Emission limits for the pollutants according to 

Decree of the Ministry of Environment No. 410/2012 of the 

Digest [4] 

 

Emission limits 

/mg.m-3/  (daily 

average) 

Total solid pollutants 10 

Organic pollutants in the 

form of gases and vapours, 

expressed as a total organic 

carbon 10 

Heavy metals (limits as 

average value) 

Sb + As + Pb + Cr + Co + Cu 

+ Mn + Ni +V  

Hg+ Cd + Tl 

Total: 0,5 

 

Total: 0,05 

Total: 0,05 

Gaseous compounds of 

chlorine, expressed as HCl 10 

Carbon monoxide CO 50 

Sulphur oxide SO2 50 

Nitrogen oxides such as NO2 200 (400)1 

Gaseous compounds of 

fluorine, expressed as HF 1 

PCDD + PCDF  0,1 ngTEQ/m3 

(1 applies to existing plants with a capacity of up to 6 tons 

per hour) 
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3 Combustion product dry cleaning 

method  
This technological process, introduced by Solvey Co., 

Belgium, is designed for the cleaning of combustion 

products resulting mainly from chemical  compounds 

of sulfur, chlorine, fluorine, and from separation of ash 

which binds heavy metals. The combustion product 

cleaning is based on the principle of selective 

adsorption, with the subsequent mechanical cleaning of 

combustion products in a cloth filter. This technique 

employs the sodium hydrogen carbonate powder which 

is decomposed to sodium carbonate at the temperature 

of 140°C.  Reactions of acid components and 

adsorption of other  pollutants (heavy metals) take 

place on a large surface of the carbonate. 

The following chemical reaction takes place in this 

process: 

2 NaHCO3 → Na2CO3 + H2O + CO2 

The sodium hydrogen carbonate powder is added to 

combustion products following the after-combustion 

thermal reactor. The latter is used for perfect thermal 

and oxidation destruction of dangerous substances in 

the combustion products.  The method works with 

temperatures from 140 to 250°C.  The contact period is 

at least 2 seconds. After their reaction, the combustion 

products are filtered in a cloth filter in order to separate 

ashes, including heavy metals and waste sorbent. The 

advantages of this method include: 

- Meeting the strictest emission limits 

- No liquid is used 

- No liquid waste is generated  

An important advantage of this method is the 

possibility of recycling the used sorbents; as a result, 

the quantity  of waste sorbent may be reduced to 2-3 

kg/ton combusted waste. The operation of an 

incinerator based on the dry cleaning method is 

illustrated in Figure 2. 

The solid and paste-like waste types are 

homogenized in a mixer and transported by conveyers 

to the M1 container and then to the B1 incinerator. 

Here, the first  combustion phase takes place at 

temperatures from 800 to 900°C. Waste is set to fire 

and combustion is stabilized by a natural gas torch. 

The delay time and thus the thermal decomposition 

may be regulated by furnace and/or grate inclination. 

The amount of gas is regulated according to the 

incinerator temperature. The incinerator is connected to 

the B2 after-combustion chamber which is fitted with 

another  torch. Combustion products burn at the 

temperatures ranging from  900 to 1350°C.  

Combustion products remain here for 2 seconds 

minimum. The  combustion products pass from the 

thermal reactor to a fire cyclone. The latter arrests solid 

pollutants and ashes which are collected in the H6 

container. Combustion products pass from the thermal 

reactor to the E1 boiler to transfer its heat to water, 

thus producing warm water or steam. Combustion 

products cooled down to the temperature of about 

180°C pass to the cleaning subassembly. Sodium 

hydrogen carbonate is added to the combustion 

products in the A1 mixer. Then they pass through the 

A2 contactor and the A3 cloth filter to arrest solid 

pollutants and ashes which subsequently fall into the 

H6 container. 

 

Legend:  A1 mixer, H1 sorbent dosing, A2 contactor, H3 

sorbent container, A3 cloth filter, H6 ashes container, B1 

rotary combustion furnace, K1 chimney, B2 thermal reactor, 

M1 waste dosing, E1 boiler, V1 combustion product fan 

Figure 2 An incinerator for the dry cleaning of combustion 

products 

 

4 Combustion product semi-dry 

cleaning method  
 

This method of combustion product cleaning is based 

on a chemical reaction of acid compounds, contained 

in combustion products, with lime hydrate, and on the 

separation of ashes, including heavy metals. 

Combustion products are cleaned after the after-

combustion reactor used for a perfect thermal and 

oxidation destruction of dangerous substances. First, 

sorbent is prepared by mixing lime powder and water 

in a mixing tank, the filtration of lime hydrate, and its 

discharging to a tank. From the tank,  the sorbent is 

transported by jets to a combustion product washer 

where a chemical reaction between sorbent and acid 

gases from combustion products, and subsequent 
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drying the suspension. Combustion products are then 

filtered by means of a cloth filter in order to separate 

solid pollutants with heavy metals and the residual dry 

sorbent. The following chemical reactions take place 

during the cleaning of combustion products: 

2 HCl + Ca(OH)2 → CaCl2 + 2 H2O 

2 HF + Ca(OH)2 → CaF2 + 2 H2O 

SO2 + Ca(OH)2 → CaSO3 + H2O 

2 SO2 + 2 Ca(OH)2 +  O2 → 2 CaSO4 + 2 H2O 

The waste resulting from the cleaning process is 

classified in the Catalogue of Wastes as components 

from gas cleaning. It is a mixture composed of salts of 

lime acids, non-reacted lime hydrate, ashes, dust, and  

carbon black, including the pollutants. This waste is 

disposed of by dumping.  

The operation of an incinerator based on the semi-

dry cleaning method is illustrated in Figure 3.   

  

Legend:   A1 mixer, H1 sorbent dosing, A2 contactor, H3 

sorbent container, A3 cloth filter, H6 ashes container, B1 

rotary combustion furnace, K1 chimney, B2 thermal reactor, 

M1 waste dosing, E1 boiler,V1 combustion product fan 

Figure 3 An incinerator for the semi-dry cleaning of 

combustion products 

The processes of  waste incineration and 

combustion product cleaning are similar to those 

applied in dry cleaning. Waste is dosed to the M1 doser 

and  transported to the B1 furnace. Waste is set to fire 

and combustion is stabilized by natural gas. The 

incinerator is connected to the B2 thermal reactor 

ensuring perfect burning of combustion products at the 

temperatures ranging from  900 to 1350°C.  

Combustion products pass to the E1 boiler to transfer 

their heat to water, thus producing warm water or 

steam. Combustion products are cooled down to the 

temperature of about 180°C. The combustion product 

cleaning operation itself takes place after the heat-

exchanger.  Lime powder is mixed with water in the 

A1 mixer. The A2 combustion product washer is 

designed for a chemical reaction between and acid 

gases from combustion products sorbent and from 

drying the suspension. Combustion products are  

filtered by a cloth filter and exhausted to the air 

through a chimney. Solid pollutants and ashes from the 

combustion product washer and the cloth filter are 

arrested in the H6 container. The advantages of this 

method include:  

- No waste water resulting from the process. 

- Meeting the emission limits. 

The disadvantages include: 

- A more demanding operation compared to the dry 

cleaning method. 

- The cleaning efficiency for  high pollutant content is 

ensured by greater excess of sorbent, which increases 

the volume of the waste produced. 

- Since water is used in the process, the equipment 

service life is shorter due to the influence of corrosion. 

5 Results of measurements and 

discussion  

The following emission values characterize the both 

methods developed for special and dangerous waste 

incineration processes (see Table 3 and Table 4). 

The dry method uses  sodium hydrogen carbonate 

which is neutral, non-toxic and non-irritating and does 

not cause the corrosion. It has no harmful effects upon 

the environment. This method consumes about 15 kg 

sodium bicarbonate per  1 ton incinerated waste and 

produces about 10 kg combustion product waste per 1 

ton incinerated waste. This solid waste is classified as 

dangerous waste in the Catalogue of Waste [2]. It is 

trapped in containers and transported to a dump. Its 

manipulation is simple. The waste is transported to 

a dump of construction class III (dump for the 

dangerous waste). 

For the dry method, sorbent is dosed by pressurized 

air. The equipment service life is about 5 years. 

Emission value are significantly influenced by a filter. 

Its service life for the dry method is about 12-18 

mounths of continous operation. 

The semidry method uses lime hydrate (calcium 

hydroxide solution) as a sorbent. Unprotected exposure 

to Ca(OH)2 can cause severe skin irritation, chemical 

burns, blindness and lung damage. This substance is 

liquid and therefore has adverse effects upon the 

environment. This method consumes from 60 to 10 kg 
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lime hydrate per 1 ton incinerated waste. The waste is 

transported to a dump of construction class III (dump 

for the dangerous waste) 2. 

Table 3 Measurement of emissions in the dangerous waste 

incinerators 

Emission component 

Average value [mg.m-3] 

Dry* Semidry** 

Solid pollutants 23,1 7,0 

CO 7 15 

SO2 16 8 

NOx 121 106 

Total organic carbon 

(TOC) 13,2 1,0 

HCl 1,9 0,2 

HF 0,13 1,0 

Σ Hg + Tl + Cd 0,147 0,2 

Σ As + Ni + Cr + Co 0,069 1,0 

Σ Pb + Cu + Mn 1,133 0,5 

Legend: *dangerous waste incinerator house 

               **hospital waste incinerator house 

It follows from the table that all methods of 

combustion product cleaning meets the emission limit 

value specifications. 

Table 4 Measurement of PCDD and PCDF emissions 

Method of determination 

Dry* Semidry** 

EN 1948 VDI 3499 

Average value of O2 in 

combustion gas [vol%] 10,25 14,4 

Σ PCDD and PCDF (normal 

state, dry air mass) Kss [ng.m-3] 6,3 31,5 

Σ PCDD and PCDF (0°C, 

101,325 kPa, 11% O2) [ng.m-3] 5,8 29,3 

TEQ (normal state, dry air mass) 

Kss [ng.m-3] 0,199 0,839 

TEQ - K(0°C, 101,325 kPa,  

11% O2) [ng.m-3] 0,185 0,78 

TEQ – limit accord. Degree of 

Gov.SR, No.473/2000 of the 

Digest) [ng.m-3] 0,1 

TEQ – limit recommended by 

EU) [ng.m-3] 0,1 

Weight flow Σ PCDD and PCDF 

[μg.h-1] 10,4 80 

Weight flow  TEQ [μg.h-1] 0,329 2,53 

 

Sorbent is dosed for semidry method by means of 

dosing jets. Their service life is about one year, which 

is influenced by the effects of liquid and hogh 

temperatures. The service life of filters used for 

semidry method is about6-8 mounths, which is 

connected with the influence og high humidity.  

6 Conclusions 

The comparison of the individual methods clearly 

indicates that the dry method offers the best values of 

all. While complying with the specifiied emission 

limits, this method is the simplest of all in terms of 

equipment and operation, consumes the lowest amount 

of sorbents, and produces the lowest volume of waste 

from combustion product  cleaning. By implication, the 

operation is cheap and has the least adverse effects 

upon the environment and the equipment service life of 

all the methods compared.  

It is labeled as BAT, i.e., the Best Available 

Technology. In addition to the special and dangerous 

waste combustion product cleaning it may be applied 

for he production of ceramics, cement and for tire 

combustion. Its use has been recommended by the EU 

contries. 

 

7 The reference list 
1  Správa o stave životného prostredia SR v roku 

2016 (a 2016 report on the Environment in the SR), 

Ministry of Environment, SR, 2017, Bratislava. 

[Online], Available:  

http://enviroportal.sk/spravy/detail/6961  [16 June 

2018], 2018   

2  Decree of the Ministry of Environment, No. 

365/2015 of the Digest, concerning the Catalogue of 

Wastes. [Online], Available: https://www.slov-

lex.sk/pravne-predpisy/SK/ZZ/2015/365/ [16 June 

2018], 2018    

3  Air Pollution Act, No. 137/2010 of the Digest, in 

the wording of the latter regulations.   [Online], 

Available: [Online], Available: 

http://www.epi.sk/zz/2010-137 [16 June 2018], 2018   

4  Decree of the Ministry of Environment No. 

410/2012 of the Digest, concerning the implementation 

of some provisions of the Air Pollution Act.  [Online], 

Available: https://www.slov-lex.sk/pravne-

predpisy/SK/ZZ/2012/410/ [16 June 2018], 2018   

 

Acknowledgement  
This work was supported by the Slovak Research and 

Development Agency under the contract No. APVV16-

0192.  

 

 


