
Technology: rotary kiln with secondary combustion chamber

Hazardous  
waste treatment



Hazardous waste treatment  Technology: rotary kiln with secondary combustion chamber2

Incinerating hazardous waste  
in a rotary kiln

Hazardous waste facilities are unique in the thermal treatment of waste. 
Each plant has its own requirements and needs customised planning. 
If you’re looking for a professional partner, Kanadevia Inova will take 
you all the way from the conceptual phase, engineering, construction 
and commissioning to service support over the entire life cycle of the 
installation.

Waste types and treatment  
Legally speaking, “hazardous waste” is a term 
encompassing around 400 types of waste in the 
European list of waste (LoW). They include:

•	 Residues from the chemical industry  
production processes

•	 Laboratory chemicals
•	 Pesticides
•	 Hospital waste, infectious material
•	 Highly contaminated industrial waste

While the treatment of hazardous waste essentially 
involves the safe inertisation (destruction) of the 
hazardous substances contained in the waste, 
issues such as recycling management and energy 
recovery are also playing an increasingly impor­
tant role. Hazardous waste has to be incinerated 
at a higher temperature than municipal waste: 
1,100 °C as opposed to 850 °C.

With only a few exceptions, hazardous waste is 
incinerated in rotary kilns with a secondary com­
bustion chamber, a system with a proven track 
record of more than 50 years of reliable operation.

Outside view rotary kiln
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Reliable partner
Over the past decades, Kanadevia Inova has 
delivered more than 100 projects with rotary 
kiln technology for the treatment of hazardous 
waste. Thanks to this extensive project experi­
ence, we have been able to continuously up­
date and deepen our expertise. Our qualified 
engineers are experts in the complex field of 
handling hazardous waste and always use the 
latest technologies to ensure the highest stand­
ards of safety and efficiency.

We’re there to guide and support you through­
out the entire life cycle of your project, from the 
preliminary study to consulting, concept devel­
opment, overall planning, engineering and pro­
ject planning and execution. Beyond this we offer 
comprehensive service throughout the entire life 
cycle of your installation.

Involving Kanadevia Inova in the preliminary 
study early on gives all the parties involved  
assurance from the outset that the project will 
be delivered as effectively as possible.

In addition to the rotary kiln and secondary com­
bustion chamber, our complete package also 
includes other customised system components 
including waste heat boilers, systems for generat­
ing power and heat from steam, and flue gas 
treatment units.

Choice of plant design
The layout of the rotary kiln and the overall plant 
can vary depending on different plant designs 
and country-specific requirements. In the over­
all planning process we also draw on the experi­
ence of operators to make sure the hazardous 
waste treatment plant is ultimately fit for pur­
pose. The examples in the table below illustrate 
the potential complexity that has to be consid­
ered in planning.

When it comes to overall planning, what counts is 
experience in the engineering, construction and 
operation of waste treatment plants. We always 
make sure the following boxes are checked:

•	 The approach makes economic sense in terms  
of investment and operating costs

•	 The chosen waste treatment technologies are 
sustainable and safe

•	 �All the relevant rules and requirements  
are complied with

•	 The treatment costs are competitive
•	 The solution is highly flexible and can be  

adapted to future changes in requirements
•	 The plant contributes to circularity (high energy 

efficiency and maximum utilisation of residual 
materials)

•	 Proven technologies such as the rotary kiln 
and flue gas scrubbers are used

•	 �Flexibly dimensioned flue gas scrubbing to  
respond to fluctuations in flue gas volume and 
composition

Country, commissioning Lines Type of waste Total capacity Comment/special feature

Finnland, 2025 1 Industrial waste 5.0 t/h Energy utility

Vietnam, 2017 1 Industrial waste 3.1 t/h Owned by municipality

USA, 2016 2 Hazardous waste
Industrial waste
Waste oil

25.0 t/h Independent operator

Japan, 2010 1 Hazardous waste
Industrial waste
Waste oil

4.5 t/h Owned by municipality

Germany, 1989 2 Industrial waste 6.0 t/h Owned by municipality
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Plant technology 
The plant technology of a hazardous waste treat­
ment plant comprises several components. The 
process begins with the receipt and storage of the 
waste in specially secured containers and areas, 
depending on its nature. The waste is fed into the 
incinerator either directly or in processed form to 
maximise the efficiency of the incineration process.

Incineration at high temperatures is required to 
safely destroy any environmentally harmful or­
ganic compounds that may be contained in the 
waste. Hazardous waste incineration plants there­
fore generally use rotary kilns with a secondary 
combustion chamber. The rotary kiln consists of 
an inclined, rotating cylinder that continuously 
transports the waste through the incineration 
process. In the combustion chamber, the waste is 
burnt at temperatures of 900 °C and higher. The ro­
tation of the kiln ensures uniform mixing and com­
plete combustion, allowing a variety of wastes, in­
cluding liquids, solids and sludge, to be treated 
effi ciently. The secondary combustion chamber 
ensures the complete burnout of the waste gases 
from the upstream rotary kiln (residual organics, en­
trained solid particles and CO strands) and the le­
gally required two-second resident time at 1,100 °C.

In addition to the feeding of waste into the ro­
tary kiln, suitable liquid and gaseous waste can 
also be fed into the inlet area of the secondary 
combustion chamber for treatment.

The resulting waste gases are cleaned in a multi-
stage process. Particles are filtered out of the ex
haust gas by a fabric filter. Chemical scrubbers 
neutralise acidic exhaust gas components such 
as hydrogen chloride and sulphur dioxide. In ad­
dition, heavy metals, dioxins and furans are sepa­
rated in an activated carbon filter.

The heat generated during combustion is effi­
ciently utilised to generate energy. The waste heat 
boiler converts the thermal energy into steam, 
which can then generate electricity in a turbine 
with a generator, be used as process heat or fed 
into local district heating networks. This way the 
plant not only contributes to the disposal of haz­
ardous waste, but also to the energy supply. Con­
tinuous monitoring and control using state-of-the-
art sensors and control technology ensures the 
safe and efficient operation of the plant. Emer­
gency systems and regular maintenance also con­
tribute to safety.

Waste reception and storage 
1  Hazardous waste reception
2 Waste bunker
3 Waste crane

Flue gas treatment
13 SemiDry reactor
14 Fabric fi lter
15 Additive silo (lime)
16 Stack 

Residue treatment
17  Movable bottom 

ash extractor
18  Bottom ash 

bunker

Combustion and boiler
4 Feed hopper
5 Gate
6 Drum elevator
7 Primary air
8 Rotary kiln

 
 9 Secondary air
10  Secondary com­

bustion chamber
11 Four­pass boiler 
12 Economiser

Hazardous waste treatment via rotary kiln
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Hazardous waste incineration plant – general concept
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Rotary kiln  
The rotary kiln consists of a drum tube lined with 
refractory material designed according to the 
thermal, chemical and mechanical loads. Rotary 
tubes can be up to 15 metres long and up to 5.5 
metres in outer diameter.

The drum tube rotates slowly and is slightly in­
clined towards the horizontal in the direction of 
flow. The residence time of the waste materials 
in the incinerator chamber is determined by the 
rotational speed and inclination. At temperatures 
above 900 °C the residence time is more than 
60 minutes. During operation, the jacket tem­
perature of the rotary kiln reaches over 300 °C. 
High-temperature resistant seals and negative 

pressure in the entire system prevent the escape 
of environmentally harmful exhaust gases.

�Feeding
Depending on its condition, the delivered waste 
is stored either in the tank farm or in special con­
tainers or drums. Larger-size solid waste materi­
als can be shredded. Drums and IBCs can be fed 
in directly or processed. 

Processing takes place near the rotary kiln head, 
where the waste is homogenised and fed in, for 
example, using a piston pump. The rotary kiln 
processes pasty, solid, liquid or gaseous waste, 
while the secondary combustion chamber only 
accepts liquid or gaseous media.

	1		 Solids feed
	2		� Drum feed/ 

combined feed sluice
	3		 Burner 
	4		� Ash discharge from  

rotary kiln head
	5		 Primary air supply
	6		 Rotary kiln
	7	�	� Rotary kiln drive,  

bearing and guide
	8		 Bottom ash discharge
	9		� Secondary combustion chamber

Typical rotary kiln design
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Operator view of the waste feeding area
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Design-to-Service
Service points are an important detail when it 
comes to carrying out maintenance work effi­
ciently. The relevant system components can be 
moved sideways to provide easy access. Depend­
ing on the size and complexity of the system, we 
provide one or more service points at strategic 
positions. 

 
These are located, for example
•	 at the head of rotary kiln (see image)
•	 in the feed
•	 at the bottom ash extractor (see image)

This reduces the work and cost involved in re­
visions.

Design parameters
Various factors have a significant influence on the 
design of the rotary kiln and secondary combus­
tion chamber: the types and volumes of waste to 
be treated, the energy input into the rotary kiln 
and secondary combustion chamber, the waste- 

specific burnout rates and the desired mixing in 
the rotary kiln. The following table provides an 
overview of the main plant design parameters:

Rotary kiln

Energy input 2–40 MJ/kg

Length 6–15 m

Outer diameter 2.0–5.5 m

Flue gas temperature  
at rotary kiln outlet

900–1,300 °C

Speed of rotation 0.2–0.5 rpm

Inclination 1.0–3.0 degrees

Air preheating 20–200 °C

Heat loss 5–7 kW/m2

Filling level, solids 10–15 %

Secondary combustion chamber

Firing temperature 1,100–1,300 °C

Oxygen content 7–11 vol. %, dry

Residence time 2 s

Inner diameter 4–6 m

Flue gas velocity 4–7 m/s

Head of rotary kiln Bottom ash extractor
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Overview of a hazardous waste treatment plant. With courtesy by Vantaan Energia.

Excerpt reference list

Country Location Lines Throughput Commissioned

Finnland Vantaa   1 5.0 t/h 2025

Japan Kanuma   1 3.9 t/h 2022

Vietnam Hanoi   1 3.1 t/h 2017

USA El Dorado   2 12.5 t/h 2016

Japan Osaka   1 4.5 t/h 2010

Japan Ibraki   2 4.2 t/h 2001

USA Main   1 7.3 t/h 1999

Japan Niigata   1 2.1 t/h 1999

Japan Niigata   1 6.7 t/h 1999

Japan Kumamoto   1 4.2 t/h 1998

South Korea Busan   2 7.3 t/h 1998

Germany Brunsbüttel   1 5.0 t/h 1997

Germany Hamburg   2 6.2 t/h 1997

Germany Marl   1 7.0 t/h 1997

Germany Böhlen   1 3.3 t/h 1997
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