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Abstract 
The greenhouse gas emissions through the sludge incineration process account for a 

large portion. To solve this problem, High-Temperature Incineration (850°C) was 
introduced. However, though it can reduce more N2O compared with Normal 
Incineration (800°C), it has a problem of an increase in fuel consumption. Therefore, we 
put forward the research of Multilayer Incineration to solve this problem. As a result, 
Multilayer Incineration could reduce both fuel consumption and N2O emission 
simultaneously, compared with High-Temperature Incineration.  
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Introduction 

The annual amount of greenhouse gas exhausted by sewerage facilities in the 23 
special wards area of Tokyo is about 710,000t as shown in Table.1. And especially 
among them, the emission through the sludge incineration process accounts for 29.7%, a 
large portion of it.  
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Table.1 Amount of Greenhouse Gas Emission 
(Our Facilities in the 23 Special Ward Area of Tokyo) 

 In 2007
Unit：t-CO2

Process CO2 CH4 N2O HFC PFC SF6 Total Ratio
(%) 

Use of Electricity 309,421  309,421 43.5

Sludge Incineration  197 211,285  211,482 29.7

Water Treatment and 
Sludge Treatment  30,758 82,555  113,313 15.9

Use of fuel and heat, 
others 76,898 111 27 8 0 202 77,246 10.9

Total 386,319 31,066 293,867 8 0 202 711,762 100.0

Ratio (%) 54.3 4.4 41.3 0.0 0.0 0.0 100.0 

 
After 2003, the amount of greenhouse gas emissions was on the decrease. We have 

reduced greenhouse gas by 16% in 2007 compared with 1990. This is because we 
introduced energy-efficient equipment etc. for greenhouse gas reduction measures. 
Above all, High-Temperature incineration which works at 850°C was very effective and 
about 70% more N2O could be reduced compared with the incineration at 800°C. 
 However, the effect of greenhouse gas reduction was expected to reach a ceiling in the 
future because introduction of energy-efficient equipment and High-Temperature 
Incineration have already been done in the most of our facilities. 
 Moreover, there are problems of the calculation method and the increase in fuel 
consumption in the reduction of N2O through High-Temperature Incineration. Therefore, 
we researched the Multilayer Incineration to solve these problems.  
 
Problems of High-Temperature Incineration 
Calculation Method 
The amount of greenhouse gas exhausted by the Fluidized Bed Incinerator was 

calculated by our original method. The calculation method is as follows. 

 Emission Coefficient (kg-N2O/t)  
= -0.1172×Incineration Temperature (°C) +101.95 

 Amount of emission (kg-N2O)  
=Amount of Dewatered Sludge (t)×Emission Coefficient (kg-N2O/t) 

This calculation method is based on the relation between the incineration temperature 
and N2O emissions of the Fluidized Bed Incinerator in a past investigation from 2000 to 

- 256 -

東京都下水道局 技術調査年報 -2016-　Vol.40



20032)3)4)5). As Figure.1 shows, N2O emission was reduced by about 70% at 850°C 
compared with 800°C. 

 
 

Figure.1 Relation between Incineration Temperature and N2O Emission6) 
 
However, even when it is at constant temperature (Figure.1), the N2O emission varies 
widely. The reason why this unevenness of the data occurred is as follows. 

1 The part where we measured temperature was different among each incinerator. 
2 Retention time and mixture ratio to air were different among each incinerator. 
3 There were differences in characteristics of each incinerator and sludge 

properties. 
 

Increase of Energy Use 
High-Temperature Incineration has two problems. 
Firstly, it needs large amount of fuel to rise the temperature in the incinerator. 
Secondly, it needs more electricity to send large amount of air to the incinerator by 

large air-blowers. 
 

Multilayer Incineration 
Principle of Multilayer Incineration 
As mentioned above, High-Temperature Incineration has some problems. Therefore, 

we examined Multilayer Incineration as a new method for reducing N2O emissions. 
Figure.2 shows the Fluidized Bed Incinerator in use. The air blows into the incinerator 
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from sandbed and the sludge is incinerated. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure.3 shows the outline of the Multilayer Incinerator. Multilayer Incineration is a 

method that forms 2 or more incineration zones by sending air from 2 or more blowing 
points. 
The theory of N2O-reduction is shown as below. 
When sludge burns in the sandbed, NCO is generated by HCN and O2. NCO reacts 

with NO to form N2O1) (M.Hupa et al., 1992) . Therefore, it is effective to decrease the 
amount of air in the sandbed. And N2O generated at the primary reaction zone is 
resolved by high temperature in the secondary reaction zone.  
 

 
 
 
 
 
 
 
 
 
 
 
 

Figure.3 Outline of the Multilayer Incineration 

Figure.2 Fluidized Bed Incinerator 
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Experiment 
We made an experiment about Multilayer Incineration to investigate how N2O 

emissions with the experimental incinerator and the incinerator in use. 
 
First Experiment 

We experimented on Incineration at 800°C, High-Temperature Incineration, and 
Multilayer Incineration with the experimental incinerator (ratings 100kg/h). In case of 
the experimental Multilayer Incineration, we changed the amounts of air that was sent to 
the sandbed (primary air) and the freeboard (secondary and tertiary air). And we use the 
same amount of fuel as incineration at 800°C on Multilayer Incineration. 

By using N2O measurement devices, we measured the amount of N2O emissions 
automatically. Table.2 shows the results of first experiment. Under all conditions, we 
reduced N2O emission by about 90% by Multilayer Incineration compared with Normal 
Incineration. Moreover, with Multilayer Incineration, not only the amount of the N2O 
emission but also the fuel consumption is smaller than that of High-Temperature 
Incineration. 

 

Table.2 N2O Emission in the Pilot Plant 

 
Amount of 
incineration 

(kg/h) 

Air Ratio 
Fuel 
(*1) 

N2O Emission 

Primary 
Air 

Secondary
Air 

Tertiary 
Air 

kg-N2O/t- 
Dewatered 

Sludge 
*1 

Incineration 
at 800°C 100 1.4 ― ― 1.0 6.49 100.0

Incineration 
at 850°C 100 1.4 ― ― 1.4 1.82 28.0

Multilayer 
Incineration 

100 1.0 0.3 ― 1.0 0.58 8.9
100 0.8 0.5 ― 1.0 0.29 4.4
100 0.8 0.3 0.2 1.0 0.24 3.7

*1 ratio to incineration at 800°C 
 
Second Experiment 
We experimented the Simple Two Layer Incineration at the incinerator (ratings 300 

t/day) which usually driven at 850°C. 
To experiment without remodeling the incinerator, we send primary air from sandbed, 

and the secondary air from the freeboard burner.  
Experimental conditions were as follows.  
1. The air ratios at the incinerator outlet were 1.54 on High-Temperature Incineration 
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and 1.44 on Simple Two layer Incineration. (air ratio = the practical amount of air 
used/ the theoretical amount of air on demand) 

2. We use the same amount of fuel at Simple Two Layer Incineration and 
High-Temperature Incineration. 

By using N2O measurement devices, we measured the amount of N2O emissions. 
 
Table.3 shows the results of the second experiment. By Simple Two Layer Incineration, 

the N2O emissions were reduced by about 60% compared with High-Temperature 
Incineration. 
Thus, we confirmed the effects of the Simple Two Layer Incinerator. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

Figure.4 Outline of the Simple Two Layer Incineration 

Table.3 N2O Emission in the real machine 

 N2O Emission 
（kg-N2O/t- Dewatered Sludge） 

High-Temperature Incineration 2.33 

Simple Two Layer Incineration 0.91 

 
Conclusion 
Multilayer Incineration could decrease the fuel consumption and N2O emission 

simultaneously compared with the High-Temperature Incineration. We confirmed the 
effect by using automatic N2O devices. At the experimental incinerator, we reduced N2O 
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emissions by about 90% with Multilayer Incineration compared with incineration at 
800°C. And with the incinerator in use, we also reduced N2O emission by about 60% 
with Simple Two Layer Incineration compared with High-Temperature Incineration. 
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