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the HTMG-injecting temperature of 250°C are shown in 
Fig. 2. As shown in the fi gure, the CO concentration was 
extremely low and at the same level as in conventional 
combustion even when the HTMG-injecting tempera-
ture was 250°C, demonstrating that stable combustion 
was realized. The NOx concentration was 43.9 ppm on 
average, which was a reduction of more than 40% com-
pared with conventional combustion2). A stable amount 
of steam was generated over a long period of time even 
under the low excess air ratio condition due to the effect 
of the advanced ACC and other improvements added to 
the system.

3.1.2 Combustion behavior in boiler

There was a concern that the low excess air ratio 
combustion might lead to an increase of the emissions 
of the unburned gas from the incinerator compared with 
conventional combustion as the excess air was lowered. 
In this experiment, CO concentration was measured 
along the fl ue gas fl ow route from the secondary com-
bustion zone to the boiler outlet. The results are shown 
in Fig. 3. Under conventional combustion, the CO con-
centration in the secondary combustion zone (mixing 
chamber) is almost 0 ppm, indicating that the fl ue gas 

was burned out completely complete in this zone. In 
contrast, under the low excess air ratio combustion, CO 
of several tens of ppm remains. However, the remain-
ing CO continues to be burned until the fl ue gas reaches 
the boiler inlet and its concentration lowers to less than 
5 ppm. Moreover, it was confi rmed that there was not 
much difference between the CO concentration at the 
boiler outlet and that from conventional combustion. 
The reason why the CO concentration in the secondary 
combustion zone is high compared with that in con-
ventional combustion is supposedly attributable to the 
following factors. The amount of O2 fed into the incin-
erator is inherently limited under the low excess air ratio 
combustion. The O2 concentration in the primary com-
bustion zone is further lowered by the HTMG injection 
into the primary combustion zone. The O2 concentration 
thus lowered leads to mild combustion compared with 
conventional combustion, and thus results in the higher 
CO concentration in the secondary combustion zone. 

3.2 Ash Treatment 





28 JFE TECHNICAL REPORT No. 8 (Oct. 2006)

Hyper 21 Stoker System—Demonstrative Test at Numanohata Clean Center—

combustion mode without operating the ash treatment 
furnace. The third is the case where the incinerator was 
operated under the low excess air ratio combustion 
mode simultaneously with the ash treatment furnace. 
Compared with Case 1 (conventional combustion), the 
steam generation rate was increased by approximately 
9% in Case 2 (low excess air ratio combustion without 
ash treatment). In Case 3 (low excess air ratio com-
bustion with ash treatment), the steam generation rate 
was further increased by approximately 4 points over 
Case 2, achieving the combined total increase of around 
13% over Case 1. When converted to the energy unit, 
it amounts to about 1 400 � 103 MJ/h, indicating that 
approximately 40% of the total energy input into the ash 
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bustion technology was developed based on the high-
temperature air combustion technology unique to JFE 
Engineering, and realized a reduction in the emissions 
of environmental pollutants, an increase in the energy 
recovery rate, and a reduction in the running costs. 
These achievements were recognized by the Combustion 
Society of Japan and its Technology Award was given in 
2003. It was verifi ed that bottom ash generated from an 
incinerator could be treated at low cost and recycled as 
useful material by applying the technology of integrat-
ing ash melting treatment with waste incineration. These 
results demonstrate the potential of the advanced stoker-
type waste incineration system that has excellent opera-
tional stability and thus is easy to operate.  This system 
is not only applicable to new incinerator construction, 
but also can be retrofi tted to an existing incinerator.

JEF Engineering continues to improve on the Hyper 
21 Stoker System and enhance its technological capabil-
ity.
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