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Fig. 1 The TwinRec pilot plant in 

Fujisawa, started 1997 
 
Technology 
 
The following description is focused on the core components of the TwinRec system: the fluidized bed 
gasifier and the cyclonic ash melting chamber. 
 
The gasifier’s main function is to separate the combustibles and small ash particles from larger inert and 
metallic particles of the waste. It can be fed with many kinds of waste with the mere restriction, that solid 
waste particles should be smaller than 300 mm (12 in). So, shredder residues, as an example, are fed to 
the gasifier without any additional preparation, just as delivered from the shredder plant. The gasifier is a 
proprietary internally circulating fluidized bed of compact dimensions, operated in temperature range 
between 550 and 600°C. Together with the resulting fuel gas, fine particles are entrained into the gas flow 
leaving the gasifier. The low gasification temperature in the fluidized bed leads to easily controllable 
process conditions. 
 
Metals contained in the waste, like aluminum, copper and iron, can be recycled as valuable products from 
the bottom off-stream of the gasifier as they are neither oxidized nor sintered with other ash components. 
Together with these metals, larger inert particles are removed. Smaller inerts are returned to the gasifier 
where they serve as bed material. The fine inerts are blown out of the gasifier to enter the next stage. 
 
Figure 2 shows schematically the gasifier (left) and the ash melting furnace (right). 
 
Fuel gas and carbonaceous particles, both produced in the gasifier, are combusted together in the cyclonic 
ash melting chamber at temperatures between 1’350-1’450°C by addition of secondary air sufficient to 
ensure full oxidation. Here, the fine particles are collected on the walls, where they are vitrified and 
proceed slowly through the furnace.  
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gasifier bottom ash fraction are pre-separated on the plant, then processed to a specialized non-ferrous 
separation plant. With that scheme, the existing equipment optimized for metals separation can be used. 
Copper, aluminum and stainless steel of good quality are sold to the respective metal markets.  
The molten glass product fulfils the stringent Japanese soil standard. After grinding, it is sold to the 
construction industry, where it is currently used as a filler in asphalt. The zinc-rich filter ash is recycled in 
the zinc industry. 
 
The energy content of the SR is converted to electricity, which is used to operate other plants of the same 
company; the excess is fed to the grid. 

Fig. 4  Combined energy and material recycling at the Aomori plant 
 

As mentioned, the Aomori plant is a pioneer installation. It was the first commercial scale TwinRec plant, 
scaled up by a factor of 10 from the pilot installations, and treating a waste material where only limited 
experience from thermal treatment was available. 
 
Taking this into consideration, the core components worked quite satisfactorily right from start-up. The 
SR was found to have more ash and a lower heating value than original design, so that the thermal 
capacity allowed for more tonnage to be fed. Some adaptations in the ash separation system were made to 
accommodate for the increase in total ash amount, while the metals separation was adapted to the specific 
needs of the owners metal recycling facilities. 
 
More work was required to modify the heat recovery boiler. At the conditions of the ash melting chamber, 
large amounts of metal and metal compounds are evaporated and condensed at lower temperature in the 
boiler. More boiler surface and more advanced boiler cleaning was required to achieve sufficient cooling 
of the flue gas. Combined with additional design optimizations, the desired availability was achieved. 
 
Currently, the waste throughput per line is about 20% higher than the design figures, and each of the 
additionally co-treated waste materials increases the success of this breakthrough waste gasification 
installation. 
 
Case 2: Targeting 99 % Landfill Diversion in Kawaguchi 
 
Kawaguchi City, just outside of Tokyo, needed additional waste treatment capacity to serve the fast 
growing population.  
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In addition, there was a lack of recycling facilities for source separated materials, and the ash of the 
existing stoker grate needed to be diverted from landfill. 
 
Because the new plant was to be located amidst housing and small industry in one of the world’s most 
densely populated areas, high standards were imposed for visual appearance and environmental impacts 
of the new installation (see guarantee values for emission in Table I).  
 
TwinRec gasification and ash melting was chosen for the main process of the new “Asahi Clean Center”. 
Figure 5 shows an aerial view of the new installation and its neighbors. 
 
The plant was commissioned as scheduled and handed over to the customer December 2002.  
 

 
Fig. 5  TwinRec in Kawaguchi: Asahi Clean Center and its Neighbors 

 
The facility receives MSW from Kawaguchi City and adjacent Hatogaya City. Bottom ash is delivered 
from Totsuka Clean Centre, an existing incineration plant in the city.  
 
The facility incorporates experience from earlier plants, like Aomori, and allows efficient and safe 
operation. The performance test demonstrated the fulfillment of all guarantee values, including below 50 
pg I-TEQ/m3 of Dioxin and Furan. 
 
The plant has a capacity of 420 t/d of MSW in three process lines, plus 37 t/d of bottom ash from an 
external source. Thermal energy recovered from the steam of the boiler generates electricity of 
max.12’000 kW and covers the electric power consumption of this facility and of the Recycle Plaza at the 
same location. Surplus electric power is sold to Tokyo Electric Power Corporation. Additionally, steam is 
supplied to the Recycle Plaza for heat utilization. 
 
Each line generates 25.8 t/h of steam at 3.95 MPa and 400°C.  
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Table I  TwinRec performance test results in Asahi Clean Center, Kawaguchi 

 
After power supply for internal consumption and recycle plaza use, the efficiency ratio of surplus power 
to the grid was still 9.0 %. During the performance test, city gas was only used several times per day for 
short time operation of the slag outlet burner. Therefore, the gasification and vitrification by the energy 
content of the waste itself was confirmed. Furthermore, in the course of the performance test, emergency 
shutdown test and test of failure of electric supply were carried out. It was confirmed that the plant shuts 
down safely in the event of an emergency and starts up without hindrance again afterwards. 
 
In the first 6 months of commercial operation, each of the three gasifiers processed in average 142.1 t/d of 
MSW, already more than the design of 140 t/d. In addition, the facility received an average of 11.4 t/d per 
line of ash from Totsuka Clean Center. 
 
According to the amount of waste delivered to the facility, all three trains are in operation or one is put on 
stand-by. After C line started on November 14, the gasifier has been continuously operated during 88 
days, until scheduled shutdown of February 10, with a short interruption on January 23 for inspections of 
common facilities. The operating data of line C for December is shown in Table 3. The monthly average 
of MSW processed is 141.5 t/d, with variations of 10% above or below the design capacity in the daily 
operation. 
 
The average CO content is 1.8 ppm and the CO guarantee value of 10 ppm was safely achieved each day. 
The operation is carried out continuously and the fly ash vitrification ratio is 90% (Vitrified fly ash 
divided by total fly ash) 
 

Unit Line A Line B Line C Common Gurantee
Waste t/d 150.8 148.3 149.9 - 140
Delivere
d ash t/d 18.6 18.7 - 18.5

ｇ/ｍ３（NTP） <0.001 <0.001 <0.001 - 0.01
ｐｐｍ < 1 < 1 < 1 - 10
ｐｐｍ 21 32 36 - 50
ｐｐｍ < 1 < 1 < 1 - 10
ｐｐｍ 2 3 2 - 10

pg I-TEQ/m3 (NTP) 8.3 0.7 13 - 50
mg/m3 (NTP) <0.005 <0.005 <0.005 - -

Cd mg/kg <0.5 <0.5 <0.5 <0.5 9
Pb mg/kg 213 150 273 216 600
As mg/kg <0.5 0.5 <0.5 <0.5 50
Total-Hg mg/kg <0.005 <0.005 <0.005 <0.005 3
Cd mg/l <0.001 <0.001 <0.001 <0.001 0.01
Pb mg/l 0.006 0.002 0.001 0.003 0.01
Cr6+ mg/l <0.005 <0.005 <0.005 <0.005 0.05
As mg/l <0.001 <0.001 <0.001 <0.001 0.01
Total-Hg mg/l <0.0005 <0.0005 <0.0005 <0.0005 0.005
Se mg/l <0.001 <0.001 <0.001 <0.001 0.01

% - - - 17.1 15.0
% - - - 9.0 -

Power generation efficiency
Power supply efficiency

Total-Hg

Slag contents

Leachate from slag 

SOx
CO
Dioxins

Capacity of treatment

Dust
HCI
NOx
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industries. From start-up to now, after years of commercial operation, the technological advantages were 
not offset by fundamental flaws in other aspects.  
 
Continuing operational experience will enable further improvements in flexibility and availability and set 
a basis for future scale-up. Also, the data base on long-term operation and maintenance needs will 
improve and lead to continuous cost optimization. While the focus in this paper was on two case studies, 
it should be noted that by now 20 TwinRec process lines are in successful commercial installation. MSW 
gasification has developed and is ready to increase its contribution to sustainable waste management. 
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FOOTNOTE 
 
Special thanks to the plant owners for their co-operation and to the colleagues who compiled the data. 
 


