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1. Background of construction of the facilities 
To take initiative in suppressing greenhouse gas (GHG) emissions, the Tokyo 

metropolitan government initiated “The 10-Year Project for Carbon-Minus Tokyo” in 
2007, aiming at reducing GHG emissions by 25%, with respect to the value in 2000, by 
2020. The Bureau of Sewerage accounts for approximately 40% of the entire GHG 
emitted as a result of administrative and business activities of the Tokyo metropolitan 
government, and must therefore reduce a significant amount of GHG emissions to 
achieve the goal. 
 

As a result, it was decided to construct of sewage sludge gasification system, which is 
capable of achieving significant reduction of GHG emissions while efficiently taking 
out energies such as electric power and heat from sewage sludge. 
 

2. What is gasification of sewage sludge? 
In the Water Reclamation Center, a large amount of sludge is generated as a result of 

treating sewage. To efficiently treat and dispose the sludge generated, the River-Basin 
Sewerage Headquarters has been incinerating the whole of the dewatered sludge, thus 
emitting GHG in larger quantity. 
 

The sewage sludge gasification performs pyrolysis of sludge, unlike conventional 
incineration, and by using generated combustible gas for drying sludge and generating 
electric power, significant reduction in GHG emissions is expected.  

 
 
 
 
 
 
 
 
 

 Fig. 1 Sewage sludge gasification  

   

  
 

  
 

 
  

 
 

  

 
 

 Electric Power 

Sludge dryer 
Gasification 

Gas power 
generator 

Dewatered 
Sludge  

Power 
generation 

Heat recovery 

Combustion 
Gas 



3. Mechanism of sewage sludge gasification 
The sewage sludge gasification system is consist of several facilities, such as 

accepting/drying system, gasification/reforming system, gas purification system, 
power generation, and heat recovery system. The outline of each facility is described 
as follows. 
 
(1) Accepting/drying facilities 
 

In the accepting/drying facilities, the sludge 
having the water content of 70% to 80% 
transferred from the Water Reclamation 
Center is dried to approximately 20%. A 
rotary dryer with hot air of approximately 
600°C is adopted as direct drying system. As 
a heat source, dry gas obtained by using 
combustion heat generated from the pyrolysis 
gas in a heat recovery furnace is used. 
 
(2) Gasification/reforming facilities 
 

The dry sludge transferred from the accepting and drying 
facilities is subjected to pyrolysis in the gasification using 
high-temperature air flowing within the gasification 
transmitted from the heat recovery facilities in low-oxygen 
state to generate pyrolysis gas. By reforming the generated 
gas within the reforming furnace, a high-quality combustible 
gas containing H 2  and CO as major components and having 
low tar content is generated. 
 
(3) Gas purification facilities 
 

Impurities in the reformed gas transferred from the 
gasification/reforming facilities, such contents of ash, 
nitrogen compounds and sulfur compounds, are 
removed to condition the gas into the one suitable for 
gas engines. 
 

After removing the ash using the reformed gas dust 
collector, toxic HCN is reduced in a catalytic reactor. 
In the scrubber that follows, NH 3  and H 2 S are 
removed using alkaline water conditioned using water 
and NaOH solution. 
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(4) Power generation facilities 
 

The reformed gas conditioned for use for gas engines is mixed with city gas to 
stabilize power generation output, and the mixed gases are burnt to generate electric 
power of 150 kW, which accounts for approximately 30% of the entire power consumed 
in the sewage sludge gasification system. 
 
(5) Heat recovery facilities 
 

The heat recovery facilities, which exchange the 
energy of pyrolysis gas into heat, consist of the heat 
recovery furnace, combustion air preheater, dry gas 
pre-heater, etc. 
 

In the heat recovery furnace, the pyrolysis gas 
generated in the gasification is combusted at 
approximately 900°C to suppress generation of 
nitrous oxide (N 2 O) considerably. The combustion 
air in the gasification and the dry gas is preheated by 650°C and 600°C, respectively, 
from the heat of the combustion gas exchanged using with the each preheater. 

 
The combustion gas after heat exchange is collected, washed, and then emitted from 

the stack pipe into the atmosphere. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Fig. 6 Sewage sludge gasification system 
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4. Outline of this project 
Since the gasification system was to be introduced to the Bureau for the first time, an 

open-type Design Build Operate (DBO) proposal system was adopted in order to take 
in technical capabilities of private companies and their economic proposals. 
 
(1) Project name 

Kiyose Water Reclamation Center Sludge Gasification Project 
 
(2) Place of project 

3-1375 Shitajuku, Kiyose, Tokyo, Japan (Within Kiyose Water Reclamation Center, 
Bureau of Sewerage, Tokyo Metropolitan Government) 
 
(3) Period of project 
[1] Design and construction 
From July 2008 to End of June 2010 
[2] Operation and Maintenance 
From July 2010 to end of March 2030 
 
(4) Project cost 
[1] Construction cost; ¥3.8 billion 
[2] Maintenance cost; ¥5.0 billion (for 20 years) 

 

5. Aimed project effect 
Comparison between the scale of 100 ton-WS/day gasification system, which has 

been under operation this time, and conventional incineration system reveals that the 
expected amount of reduction of GHG emissions is approximately 12,500 t-CO 2 /year 
(actual emissions in 2005: 14,500 t-CO 2 /year, proposed emissions: approximately 
2,000 t-CO 2 /year) ,which is equivalent to the yearly amount of CO2 absorbed by the 
woods within the area of 3,500ha. 
 

In addition, the amount of heat of the gas generated from the gasification is 
equivalent to the amount of utility gas consumed by 8,500 general households per year. 
This technology is thus very promising also from the viewpoint of generating 
renewable energy. 

 
Since this gasification system is the first practical operation in Japan, its performance 

will be assessed and verification tests of the whole system will be conducted, until 
fiscal 2011 to check the stability of the operation with the performance proposed, 



including GHG emissions and electric power generation from sludge, and adequacy of 
operating conditions. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. The situation of sewage sludge gasification and project effect 

The operation of the sewage sludge gasification system was started in July 2010, the 
initial adjustment was conducted until October. Since the operation was cut off to 
adjust the equipment from July to October occasionally, the amount of processing was 
approximately 70%. After the adjustment completed, the system of the sewage sludge 
gasification is operated smoothly (118.5%).  

The GHG emission is 3,000 t-CO 2 /year (the emissions of six months, from July to 
October, converted into the annual emission).this result is influenced by the frequent 
adjustment of the equipment. 

 When heat recovery facilities were controlled stably(One period, December 10 to 
14 ,was extracted and converted into annual number), the amount of N 2 O emission was 
reduced to 1/40. The amount of reduction of GHG emissions is approximately 12,500 
t-CO 2 /year (actual emissions in 2005: 14,500 t- CO 2 /year). 

Moreover, the amount of the gas power generation achieved the objective. The 
regulation levels of the gas emitted into the atmosphere, the odor, and the wastewater 
quality were obeyed respectively. 

 

7. Summary 

After the initial adjustment was finished, the supplemental fuel was reduced to about 
half, and it is necessary to do the effort of the stabilizing the water content in the 
sewage sludge. 
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Fig. 7 Comparison in greenhouse gas 
emissions to one conventional incinerator 
in Kiyose Water Reclamation Center 
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In addition, it is important to reduce N 2 O emission that the temperature in the 
furnace of heat recovery facilities is stabilized. 

From now on we try to carry out further stabilization of the temperature in the furnace 
of heat recovery facilities, and keep the performance of reducing the GHG emissions 
by challenging to decrease the water content in the dewatered sludge and to reexamine 
the electric power of the auxiliary machineries 
 

Sewage sludge contains abundant biomass energy. Regarding the Water Reclamation 
Center as the hub of creating energy, the River-Basin Sewerage Headquarters shall 
continue addressing environmental challenges including global warming control, 
utilizing potential energy of sewerage systems while introducing new technologies, to 
create a city model in the 21st century.  


