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KHD PyrorotorS
in SOUTH KOREA

KHD Humboldt Wedag reports on the use of the Pyrorotor® - a versatile rotary  
combustion reactor - at two different cement plants in South Korea.
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A major characteristic of alternative fuel (AF) 
markets in the cement sector is that they 

develop alongside sustainable practices and the 
ecological development of the surrounding po-
litical, social and business environments. Usually, 
society must place a cost burden on landfilling be-
fore the use of AF becomes economically feasible. 
Accordingly, the types of AF used and the degree of 
thermal substitution rate (TSR) differ greatly from 
region to region. 

However, what is clear is the overall trend towards 
decarbonisation across the entire cement industry. 
This will increase demand for AF, biogenic ones in 
particular. In parallel, the ongoing and continuous  

motivation to reduce costs in a global market with 
excess clinker capacity, will lead to the use of more 
coarse AF that has not undergone extensive pre-
preparation steps. 

As a result, higher material retention times will 
be needed to ensure that these particles can achieve 
proper burn-out. Insufficient burn-out and mixing 
of unburnt fuel particles into the material layer in 
the kiln leads to numerous problems for the kiln 
operation and clinker quality. Therefore, slow burn-
ing, hard to ignite and high moisture fuels need 
combustion technologies that offer much longer 
retention times, as well as robust ash handling.

KHD Pyrorotor® - a versatile AF 
combustion reactor
The Pyrorotor is a rotary combus-
tion reactor that sustainably processes 
waste materials with inferior burning  
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Above - Figure 1: Overview 
of the KHD Pyrorotor.
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properties as AF in the cement manufacturing 
process. Within the range of modular solutions 
from KHD for co-processing of alternative fuels 
in the clinker production process, the Pyrorotor 
covers the demands for highest TSR rates of least 
pre-processed AF (Figure 1). The Pyrorotor of-
fers a high flexibility with regard to the size and 
materials of alternative fuels that can be processed. 
Whole tyres, tyre chips, coarse and lumpy materi-
als, hard to ignite materials or even contaminated 
and hazardous materials can be burned sustainably. 
Complex and expensive pre-processing equipment 
can be significantly minimised, or even eliminated 
altogether. Pyrorotors can be installed in new 
kiln plants, or easily retrofitted in existing kiln 
plants. They require no extra space in the existing 
tower structure and add no additional load to it.

Pyrorotor principles
The mechanical concept of the Pyrorotor is the 
same as the most robust and proven combustor 
type known in the cement industry: the rotary kiln. 
The rotating drum generates an intense mixing of 
the alternative fuels with hot tertiary air. It offers a 
long - and adjustable - retention time to guarantee 
complete burn-out of the waste materials fed to it. 
At the same time, the constant movement avoids 
build-ups and clogging. 

The rotary tube is safely supported and balanced 
in a defined way on two roller stations. The required 
torque for the rotation of the drum is induced by 
two friction-driven rollers. The installed drives 
offer a large reserve with regard to the torque that 
can be provided, to be prepared for a wide range of 
loads and rotation requirements. 

The rotational speed of the drum can be ad-
justed, usually in the range of 0.3-3.0rpm to adapt 
the alternative fuel retention time to the needs of 
the specific material. Alternative fuels are fed into 
the Pyrorotor via suitable sluice systems, for ex-
ample rotary airlocks or double pendulum flaps, to 
prevent false air from entering into the system. 

Figure 2 shows how the Pyrorotor is in-
serted between the rotary kiln and the calciner. A 
controlled portion of tertiary air is branched off 
to provide the required airflow and temperature 
inside. Depending on the type of fuel and desir-
able combustion staging, the combustion process 
can be operated with varying lambda-levels (the 
ratio between the oxygen concentration and the 
‘ideal’ oxygen concentration), so that a pronounced 
pyrolysis can also be achieved for energy-efficient 
and emissions-optimised combustion. After a 
sufficient retention time inside the Pyrorotor, 
the ashes are dropped directly into the kiln riser 
duct, where they form part of the kiln inlet mate-

rial feed. Combustion off-gases and entrained 
small fuel particles leave the Pyrorotor via air 
flow to create a second stage of combustion in the 
regular calciner. This staged concept, which can be 
operated within a wide range of lambda numbers, 
greatly facilitates energy efficiency and even NOx 
reduction. For advanced NOx reduction the ter-
tiary air can also be introduced downstream of the  
Pyrorotor to create a highly efficient reducing 
zone in the lower riser duct to successfully reduce 
the kiln-generated NOx.
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Below - Figure 2: Pyrorotor gas 
flow scheme.
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Case studies

Since its introduction in  
Europe in 2017, a total of 
eight Pyrorotors have been 
contracted to date. They are 
popular in China and the Far 
East due to their ability to 
co-process a huge amount of 
lumpy secondary fuels with low 
pre-processing requirements.

Ssangyong C&E, Korea
Figure 6 shows a photograph of 
the Donghae plant line 6 and 7 
of Ssangyong C & E in Korea. 
First, a 3.4m x 10m Pyroro-
tor was installed on kiln line 6. 

The Pyrorotor was designed to contribute 
85% of the total fuel heat by burning coarse 
refuse-derived fuel (RDF). Shortly after 
contracting the Pyrorotor for line 6, the 
client decided to contract another identical 
Pyrorotor for the adjacent line 7 at the  
same plant.

The thermal substitution rate of more 
than 85% of the calciner fuel was not 
only confirmed in the performance test, 
but it was even exceeded in further daily 
operation by continuously increasing the 
AF feed rate beyond the nominal rate. The  
Pyrorotor can easily react to changing 
AF qualities by adaptation of the feed rate. 

Special attention was paid to the po-
tential negative impact of unburnt ashes 
falling into the kiln inlet chamber at these 
high AF feed rates. Therefore, the free lime 
of the clinker was also assessed as a mark 
of its quality. This showed that, even at 
a TSR of more than 85%, the clinker had 
free lime content safely below the speci-
fied limit. This proves that the burn-out of 
coarse AF is completed in the Pyrorotor 
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Ssangyong C & E  - Donghae Plant

Line 6 Line 7

Contract PG Test Contract PG Test

Clinker Production (t/day) 5000 5058 5000 5096

Heat Consumption (kJ/kg) 840 760 840 859

Thermal AF substitition rate at calciner (%) 85 87 85 85

PYROROTOR Fuel PG Test average (t/hr) - 18.1 - 23.5

PYROROTOR Fuel daily operation (t/hr) - 20-25 - 20-25

AF Mix heating value (kJ/kg) >3500 5110 >3500 4253

Clinker free lime (%) 1.5 0.83 1.5 1.2

Right - Figure 3:  
Pyrorotor installed at  
Ssangyong C&E’s Donghae 
plant in South Korea.

Right - Figure 4:  
Kilns 7 (left) and 6 (right)  
at the Ssangyong C&E 
Donghae plant.

Right - Table 1:  
Comparison of guaranteed 
and achieved performance 
values of the two Pyrorotors 
at the Donghae plant.



and the process receives 
the heat exactly at the 
zone in the calciner where 
it is needed. As a conse-
quence, the kiln process is 
stable and smooth at high 
substitution rates. Satis-
fied with these impressive 
results, which have been 
confirmed throughout a 
complete production year, 
in 2021 the client subse-
quently ordered a further 
Pyrorotor retrofit for 
Line 4 at its Donghae plant.

Asia Cement
In early 2020 Asia Cement ordered a 3.4m x 10m 
Pyrorotor for Line 3 at its Jecheon plant in South 
Korea (Figure 5). Table 2 compares the guaranteed 
performance parameters to the ones achieved in the 
Jecheon plant. As in the earlier case-study, this pro-
ject achieved a TSR above 85% without jeopardising  
clinker quality. The production capacity of the kiln 
was not negatively affected, indeed it was slightly 
higher compared to the rate before the Pyrorotor 
retrofit. Similar to the Ssangyong projects, it was 
even possible to raise the AF feed rate in every-day 
operation beyond the level of the performance test.

Summary

As the use of AF is strongly increasing, also in 
countries without elaborate waste collection and 
pre-processing infrastructure, cement producers 
are looking for technologies that can handle any 
kind and quality of alternative fuels to simplify their 
procurement process and, at the same time, save 
costs that result from pre-processing efforts. Also, 
the use of wet and hard-to ignite biomass as AF 
calls for combustion technologies with high reten-
tion time and robust operation. Key technologies 
such as KHD’s Pyrorotor allow the use of almost 
any kind of alternative fuel, while guaranteeing 
a complete burn-out and the flexibility to handle 
fluctuating fuel quality levels without any deteriora-
tion of product quality.
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Asia Cement • Jecheon Plant

Line 3

Contract PG Test

Clinker Production (t/day) 4060 4133

Heat Consumption (kJ/kg) 3454 3370

Thermal AF substitition rate at calciner (%) >85 86

PYROROTOR Fuel PG Test average (t/hr) - 14.5

PYROROTOR Fuel daily operation (t/hr) - 14-17

AF Mix heating value (kJ/kg) >17,000 19,700

Clinker free lime (%) 1.5 0.75

Left - Figure 5:  
Pyrorotor installed on Line 

3 at Asia Cement’s Jecheon 
plant in South Korea.

Left - Table 2:  
Comparison of guaranteed 
and achieved performance 

values of the Pyrorotor at the 
Jecheon plant.


