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Japan is one of the leading countries in advanced waste management.  Because of its high 
population density and its geographic situation with limited space for landfilling, it has a long 
history of thermal treatment for minimising municipal solid waste (MSW) volume.  Its first 
waste incinerator started operation in Tsuruga, Fukui prefecture, in 1893.  

After sustained efforts in waste recycling during the last few decades and steady investment 
in thermal waste treatment technology, today almost no Japanese residual waste is disposed 
of without prior treatment.  To save valuable space in landfills, Japan has also aimed for a 
long time to reduce ash volumes; many traditional waste incineration plants are equipped 
with special ash melting furnaces.  This tradition led consequently to the implementation of 
novel processes which produce inherently molten slag.    

As part of the current phase of IEA Bioenergy activity, Task 36 undertook a case study visit 
of Japan to obtain first hand information on the operation of such new technologies - which 
have not yet (due to reasons of cost or need) established in the markets of Task 36 member 
states. 

Former Japanese members of Task 36 arranged visits of three different waste management 
centres, each of which takes care of the municipal solid waste of a number of municipalities 
in the vicinity of Fukuoka.  Each centre comprises a pre-treatment stage, either for recycling 
or for RDF (refuse derived fuel, in parts of the world also called solid recovered fuel, SRF) 
production, and a thermal treatment facility.   

- In Omuta, the Omuta Recycle Power Co. Ltd. operates a fluidised bed combustion plant 
which burns RDF, partly produced in an adjacent facility, partly coming from other 
production sites.  

- Koga city has built a recycling plaza and a MES R21 system, a combination of rotary 
drum pyrolysis and high temperature combustion. 

- The Munakata Eco Park consists of a recycling facility and a Nippon Steel shaft furnace 
gasification plant. 

In all waste management centres, detailed information was provided about the structure of 
the waste management system, the applied technology, and partly about the investment and 
operational costs. 

These visits took place on November 19 and 20 2009.  The places visited during the meeting 
are marked in the map of Northern Kyushu, shown in Figure 1. 
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Figure 1: Map of Japan (left) and northern Kyushu (right) with places visited during the 
Task 36 meeting 
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Japan is a country with a high population density, high industrialisation, and very scarce 
space for landfilling.  That is why Japan started early to regulate the management of waste 
and to try to reduce or even avoid its direct disposal. 

The first waste law was enacted in 1971.  This has been revised several times, the latest in 
April 2001, which includes regulations and standards provided for sustainable management 
and the establishment of suited facilities and service companies.  

The driver for a permanent further development was the political will to convert Japan into a 
recycling-oriented society with the principle of the 3Rs as guideline:  

- reduction;  
- reuse;  
- recycling. 

Of initially strong influence were the legislative regulations in Germany, in particular the 1991 
release of the Residential Waste Ordinance and the 1994 enacted Material Cycle and Waste 
Management Act in that country.  Further drivers were the various EU Directives in this 
sector. 

In 1993 and 1994, the Japanese government passed the basic Law for Environmental 
Pollution Control, the Environmental Protection Law and the Plan for Environmental Pollution 
Control.  The latter one defined four fundamental principles for environmental policy and the 
role of government bodies in charge:  

- circulation;  
- co-operation; 
- participation;  
- international activity. 

The main consequence was the adoption of the Law for Establishing a Recycling-Oriented 
Society in January 2001 with the following main objectives: 

- reduce and control the disposal of waste;  
- promote recycling;  
- control the consumption of natural resources;  
- reduce the environmental impact.  

As mentioned above, the most important law following these regulations was the Waste 
Management Law in April 2001.  For the initiation of a recycling-oriented society, another law 
is of equal importance, the Law for Promotion of Effective Utilisation of Resources, also 
issued in April 2001.  

The new Waste Disposal and Public Cleansing Law from April 2001 promoted modern waste 
management in Japan to a great extent.  Special laws for various waste materials like 
packaging waste, home appliances, food waste, construction waste and cars followed.  A 
scheme showing the most important regulations in the waste management sector is depicted 
in Figure 2.  
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Figure 2: Framework of the Japanese waste management regulations 

 

Although recycling has played a major role since the early 1990s, the new regulations 
pushed the source separation and respective collection of waste fractions, and all over the 
country new recycling facilities were built. 

For saving landfill space and reducing the environmental impact, great efforts were also 
made to make combustible waste and recycling residues inert prior to their final disposal.  
Thermal processes have always been the technologies of choice for this treatment.  Since 
the end of the 1990s, a preference for implementation of novel technologies can be 
recognised.  Combined processes using gasification or pyrolysis followed by combustion 
have entered and partly – at least for smaller plants – conquered the market.  This is for the 
time being a situation only found in Japan. 
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Waste management strategy 

As mentioned above, in most big Japanese cities MSW used to be burnt.  This was also the 
case in Omuta, Fukuoka Prefecture, a city approximately 60 km south of Fukuoka, where 
waste was incinerated since 1988 in a plant which was operated 16 h/d. Two problems 
caused a change in this practice: 

- The disposal of bottom ash threatened to become a problem in the foreseeable future 
due to the limited lifetime of the available landfill. 

- The dioxin emissions could not meet the new legislative regulations and the target of 
5 µg[I-TE]/Mg of waste for the total dioxin emissions into all residue streams, exhaust-
gases as well as all solid residues.  This caste upgrading of the plant into doubt for 
technical and economical reasons. 

It was decided to switch from incineration of mixed MSW to the production and combustion of 
(pelletized) RDF combined with extended recycling.  The main advantages of RDF are its 
more stable calorific value and the option to store the material for at least six months. 

To minimise dioxin formation in combustion plants for waste based fuels, continuous 
operation is mandatory.  For economic considerations, a supply of more than 100,000 tonnes 
of MSW is needed to make the operation of an RDF plant viable.  The average waste 
generation per inhabitant was approximately 1 kg/d, which meant that the 185,000 citizens of 
Omuta and its neighbouring city Arao, could not generate enough MSW for such a strategy.  

Negotiation with municipalities in the wider vicinity identified 16 in Fukuoka Prefecture and 12 
in Kumamoto Prefecture that had similar waste disposal problems and shared the preference 
for RDF production.  These municipalities formed a consortium.  It was decided to build 
seven RDF processing plants.  The sites of these plants are allocated close to the local 
population centres to minimize the transportation of raw waste.  

The seven processing plants send their RDF to a newly built central facility which uses 
fluidised bed combustion for power generation.  

The participating municipalities and the locations and sizes of the respective facilities are 
shown in Figure 3. 

The envisaged advantage of this strategy, apart from compliance with the new legislative 
dioxin regulations, was a significant extension of the lifetime of the ash landfill.  Whereas the 
former Omuta waste incinerator produced in the order of 10,000 to 12,000 tonnes of bottom 
ash annually, the respective amount of the new RDF power plant was only 850 – 1,000 
tonnes.  

The RDF power plant and the RDF processing plant for the MSW of Omuta Arao were built 
in Omuta Ecotown. The Japanese government founded Omuta Ecotown, the fifth one in 
Japan, in 1998 on an area close to the coast line where, in former years, coal mining had 
taken place. 



8 

 

Figure 3: Distribution of the municipalities and the facilities processing RDF 

 

 

The objectives of an Ecotown are to: 

- create and foster environmental and recycling industries;  
- enhance the conversion from a throwaway to a recycling society;  
- promote the preservation of the regional environment; 
- create new industries. 
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Figure 4: Location of Omuta Ecotown (left) and aerial view of the waste treatment 
facilities (right) 

 

Figure 4 shows the location and an aerial view of Omuta Ecotown.  The Omuta Recycling 
Power Plant, the Omuta-Arao RDF Center, and the Omuta Municipal Recycling Plaza are 
marked in the picture.  

On the same site is situated the Omuta Ecosanc Center, a facility for citizen interaction and 
education, which has been set up in order to raise environmental awareness.  It is integrated 
in the Environmental and Industrial Technology Research Center, which supports the 
development and planning of environmental and industrial technology.  It also supports 
citizen and corporate activities related to the environment and industry. 

The owner of the power plant is Omuta Recycle Power Co. which is owned and funded by 
Omuta City, Fukuoka Prefecture, and the Electric Power Development Co. Ltd.  

The company is responsible for the organisation of the material and cash flow in the system.  
More detailed information on the functions and structure of Omuta Recycle Power Co. are 
shown in Figure 5.  
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Figure 5: Functions and structure of Omuta Recycle Power Co. Ltd. 

 

 

Figure 6: Flow scheme of the waste management system organised by Omuta Recycle 
Power Co. Ltd. 

 

 

The scheme shown in Figure 6 illustrates the flow of materials in the waste management 
system organised by Omuta Recycle Power Co. Ltd.  The Omuta city MSW is directly 
delivered by the waste collection cars to the tipping floor of the Omuta RDF Processing Plant 
(upper MSW collection line).  The MSW of the neighbour city Arao – which belongs to 
another prefecture - is collected and brought to a transfer station from where it is transported 
by truck to the Omuta-Arao RDF Center (second MSW collection line from the top).  

The other municipalities collect their waste and send it to local RDF processing plants from 
where the RDF is transported by trucks to the power plant.  

The exported power is purchased by Electric Power Development Co. Ltd., one of the 
owners of Omuta Recycle Power Co. Ltd., and accounts for roughly 20% of the total power 
market of this company. 
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RDF production  

Technology 

The Omuta-Arao RDF Center built adjacent to the power plant produces RDF from the MSW 
of Omuta and Arao.  The aerial view in Figure 7 shows this plant in the centre with the Omuta 
Recycle Power Plant in the left upper corner.  Selected technical data of the RDF processing 
plant are compiled in Table 1. 

Figure 7: Aerial view of the Omuta-Arao RDF Center 

 

Table 1: Technical data of the RDF processing plant  

Typical MSW throughput  200 t/d 

Typical RDF output 100 t/d 

2008 MSW throughput  51,653 t 

2008 RDF output 24,773 t 

Operation time per day  16 h (on weekdays) 

Number of shifts 2 

The Omuta MSW is directly delivered by the waste collection cars to the waste pit of the 
plant; the waste from Arao gets there via a transfer station.  The plant treats the combustible 
waste of 80,000 households, which means it gets in the order of 200 t of waste per day and 
produces up to 110 t of RDF.  

The waste pit has a capacity for five days of MSW (see Figure 8).  The MSW is treated 
according to the scheme for RDF processing shown in Figure 9.  A crane feeds the material 
into a crusher from where it transferred into a 2.7 m wide and 11 m long drum dryer with an 
internal screw, heated by 500°C of hot air generated in a kerosene fired furnace. The dryer 
reduces the MSW moisture to 5 – 10%, typically to 8%.  
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Figure 8: Waste pit with raw MSW from Omuta and Arao (left) and the crane operator in 
action (right) 

 

 

Figure 9: Basic processes in RDF processing facilities 

 

 

The dried MSW passes through a magnetic and an eddy current separator for the removal of 
ferrous and non-ferrous metal scrap.  The separators are followed by a second crusher and a 
drum sieve for size separation.  The fine fraction undergoes a further magnetic and eddy 
current separation followed by an air separator where the combustible waste fraction is 
blown out.  After the addition of slaked lime and intense mixing, this fraction is moulded to 
form pellets with a diameter of 15 mm and a length of 40 -60 mm (see Figure 10).  

Figure 10: RDF pellets produced in the Omuta RDF processing plant 

 

The mass reduction achieved during the treatment is about 50%.  In return, the lower heating 
value is raised from 7.6 - 12.7 MJ/kg of the raw MSW to 14.7 – 18.9 MJ/kg of the final 
product.  The content of metallic and inert ingredients is significantly reduced; however, 
contaminants like chlorine or sulphur are concentrated, since these are almost totally carried 
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in the RDF.  The typical chlorine content of the RDF was said to be 1.6%.  The inventory of 
biogenic energy in the material has been determined to approx. 55%. 

These pellets are transported by a long belt conveyor to the RDF storage silo of the Omuta 
Recycle Power Plant.  The conveyor can be recognised in the upper left corner of Figure 7 
connecting the RDF processing plant and the silo. 

Economy 

Information on the economic data of the plant is listed in Table 2.  According to these data, 
the treatment per tonne of MSW - without collection costs - is approx. 33,400 ¥ or 268 €.  
The treatment costs could be reduced if heat from the power plant could is used, but this is 
not currently practised.    

Table 2: Economic data of the Omuta RDF processing plant for 2008 

Categories Costs in 1,000 ¥ Costs in 1,000 € 

Total     1,724,178 13,846 

    Expenditures 479,959 3,854 

    Maintenance 343,119 2,649 

    Fuel  360,061 2,851 

    Electricity 188,670 1,515 

 

RDF power plant 

Technology 

The Omuta Reycle Power Plant is located just north of the RDF processing plant.  Figure 

11Error! Reference source not found. shows an aerial view; technical data of the 
plant are compiled in Table 3.  

Figure 11: Aerial view of the Omuta Recycle Power Plant (left) and members of Task 36 
on top of the RDF silo during the guided tour (right) 
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Table 3: Technical data of the Omuta Recycle Power Plant 

Site area 24,700 m2 

Construction area 1,100 m2 

Construction April 2001- December 2002 

Type of furnace Internally circulating fluidised bed 

Number of lines 3 

Design throughput of RDF 3x105 t/d 

Combustion temperature  850 - 1,000°C 

Boiler type Single drum, natural circulation 

Steam production 86.9 t/h 

Steam pressure  8.14 MPa 

Steam temperature 503°C 

Power efficiency >30% 

Power generation capacity 20.6 MW 

Plant availability 300 d/a 

The RDF arrives either by conveyor belt from the adjacent Omuta RDF processing plant or 
by truck from the six other smaller processing plants, and is stored in the 32 m high silo seen 
in the lower right corner of the left photo in Figure 11 which takes up to 8,400 t of RDF.  

RDF has to be stored under careful safety conditions.  To prevent self ignition, the 
temperature in the silo should not exceed 40°C and the humidity of the RDF should be kept 
below 8%. Furthermore, to prevent dust explosion (which has already occurred in a few RDF 
silos) the O2 concentration in the silo atmosphere is reduced to 10% by the addition of 
nitrogen.  Therefore, a surveillance system is installed in the silo.  Temperature as well as 
CO and O2 are monitored.  If critical parameters are detected, the atmosphere is made inert 
by flooding the silo with nitrogen.  

Figure 12 shows the layout of the plant.  The RDF processing plant is directly adjacent to the 
parking lot at the top of the diagram.  The belt conveyor which transports the RDF from the 
processing plant to the RDF storage silo is not drawn in.  

Figure 12: Layout of the Omuta recycle power plant 
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Figure 13: Flow diagram of the Omuta recycle power plant 

 

 

The flow diagram of the power plant is depicted in Figure 13.  The RDF is fed from the large 
storage silo via a smaller RDF supply bunker into the internal circulation fluidised bed-type 
furnace, built by Kawasaki Heavy Industries.  Its design is similar to that of a revolving 
fluidised bed furnace (left diagram in Figure 14).  

 

Figure 14: Scheme of the fluidised bed incinerator (left) and bottom ash (right) 
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Its rear wall is equipped with heat extraction (evaporator) tubes.  Further evaporator tubes 
and the super-heater are integrated in the outer parts at the bottom of the fuel bed, where 
special cells are built in to reduce the gas and sand velocity and, with that, reduce the risk of 
tube erosion. 

During start-up, the furnace is heated by burning oil until the temperature exceeds 500°C.  
The combustion temperature in the free board is 850 - 1,000°C.  The legislative regulations 
require, like in the EU Incineration Directive, that the flue gas exceeds a temperature of 
850°C for two seconds after the last air injection.  

The temperature of the fuel bed inside the combustion zone is kept at 800°C, and in the heat 
recovery cells (where evaporator super-heater tubes are located), the temperature is 
approximately 600°C.      

Bottom ash and sand are extracted at the base of the furnace.  The material goes to a 
separation stage where sand is recovered.  The ash (see right photo in Figure 14) has a fine 
particle size and the light colour indicates a rather good burnout.  It is transported by truck to 
a cement plant. 

The steam parameters of the boiler are rather high, with a pressure of 8.15 MPa and a 
temperature of 500°C.  In relation to the high Cl inventory of the fuel of 1.6 wt%, the reported 
lack of boiler corrosion can be explained by the localisation of part of the evaporator and the 
super-heater.  At the bottom of the fuel bed the HCl concentration of the gas flow should be 
low compared to that in the flue gas leaving the free board.  The latter was reported to be in 
the order of 240 mg/m2, a figure which seems too low, taking the Cl concentration of the RDF 
of 1.6 wt% into consideration.  

The boiler is followed by an economiser and the air pre-heater.  A conventional dry scrubbing 
system is installed downstream of the air pre-heater.  Slaked lime is injected into the flue gas 
to capture the acid gases.  The fly ash and the reaction products are separated by a fabric 
filter.  

Figure 15: Charcoal filter tower (left) and Hagenmaier drum (right) 
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The cleaned gas passes through a fixed bed charcoal filter (see left photo in Figure 15) 
where organic pollutants are adsorbed.  Furthermore, an upstream addition of ammonia 
facilitates NOx reduction in the charcoal filter. 

The oxygen concentration in the flue gas is typically 6 vol%.  The air emission limits are listed 
in Table 4.  

Table 4: Selected air emission limits of the Omuta recycle power plant (standardised 
to a CO2 off-gas concentration of 14%) and of the EU Waste Incineration Directive 
(WID, daily average, standardised to 11 vol% O2) 

 Omuta Recycle Power Plant WID 

Dust  20 ppm 10 

HCl 20 ppm 10 

SO2 20 ppm 50 

NOx 65 ppm 200 

PCDD/F 0.1 ng[I-TE]/m3 0.1 ng[I-TE]/m3 

Compared to the standards of the EU Incineration Directive, these limits are higher for dust 
and HCl and lower for SO2 and NOx.  However, all emission standards are easily met.  The 
regular check in 2008 resulted in dioxin emissions ranging, for the three lines, between 
0.0002 and 0.002 ng[I-TE]/m3. 

To meet the Japanese target for the total export of dioxins into air and all other residue 
streams of 5 µg[I-TE]/t of RDF, the gas cleaning residues are treated in a Hagenmaier drum 
for thermal dioxin destruction.  The material is kept at a temperature of 350 - 400°C for 0.5 h 
in inert atmosphere.  A view of the Hagenmaier drum, which is widely used in Japanese 
waste incineration plants, is shown in the right photo of Figure 15. 

The power plant is operated by 35 people. Five are employed by the Omuta Recycle Power 
Co. Maintenance and operation has been outsourced on the basis of annual contracts.  
Regular maintenance takes place three times a year and requires the work of approximately 
100 workers. 

The availability of the plant is in the order of 300 days per line.  The total throughput of RDF 
in 2008 was approximately 80,000 t. 

Economy 

The plant economics have not fully been reported.  According to the operator, 50% of the 
investment came from the government and 50% was contributed by the financial sector.  The 
total construction costs amounted to 10.5 billion ¥ (≈ 84 million €); the depreciation time of 
the plant is 15 years, however, the interest on the loan was not disclosed.  

The plant receives a gate fee of 9,500 ¥ (≈ 76 €) per tonne of RDF burnt, which amounts to 
760 million ¥ (6.1 million €) per year.  Revenue also comes from the electric power sold.  The 
plant receives 8 ¥/kWh (≈ 6.4 €cent), which is rather high compared to European countries.  
Based on a mean lower RDF heating value of 16 MJ/kg and a net power efficiency (taking 
the self-consumption into account) of 25%, a power export of approximately 1,100 kWh per 
tonne of burnt RDF can be calculated.  This would result in a profit of roughly 9,000 ¥ (≈71€), 
which almost the same as the gate fee of the RDF.   

From these figures, the total disposal costs of the combustible MSW (excluding collection 
and most likely transport) can be estimated.  The expenditure for the conversion of 1 tonne 
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MSW into 0.5 tonnes of RDF is 33,400 ¥ (≈270 €), and the combustion of this RDF needs 
another 4,800 ¥ (38.5 €).  

These figures summarise to approximately 38,000 ¥ (310 €) per tonne, a level which is high 
compared to the average disposal costs in Europe.  According to the latest OECD statistics, 
the share of burnable MSW in Japan amounts to approx. 74%.  The expenses needed for the 
recycled waste and the costs for collection and eventual separation have not been reported. 
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Waste management strategy 

Koga city in Fukuoka Prefecture is located approximately 20 km north-east of Fukuoka with 
approximately 60,000 inhabitants.  The MSW of Koga city and three neighbouring cities is 
managed by the Koga City and One City, Four Towns Waste Treatment Co-operation.  This 
organisation set up two waste management centres, each comprising a recycling plaza and a 
thermal waste treatment plant.  Both centres are operated by Genkai Environmental 
Association.  

The first centre visited was the one close to Koga city which uses an R21 system built by 
Mitsui Engineering & Shipbuilding Co. Ltd. for thermal treatment.  A view of the centre is 
shown in Figure 16.  

Figure 16: View of the Koga city waste management centre 

 

The cities collect recyclable and combustible waste separately.  All fractions end up in one of 
the waste management centres, the recyclables at the recycling plaza and the combustible 
waste in the thermal treatment plant.  

The photo of the complex shows it is a good example of the design of waste management 
facilities.  Many of these plants can rightly be called iconic.  

This endeavour for an exciting architecture and pleasant facade painting is followed up with a 
thorough layout of the interior.  All plants attach great importance to visitor friendliness.  
Clean and bright corridors are built in for good access to and view upon the implemented 
technology. 
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The aim of such visitor friendly facility is not to impress experts, like the members of Task 36, 
but to inform local citizens about the objectives, technology, and execution of waste 
treatment. Many plants like this one  have special rooms, playgrounds, and exhibitions to 
inform school children about modern waste management and its importance for a recycling-
oriented society.   

Koga R21 plant  

Technology 

The R21 technology chosen for thermal treatment of burnable MSW in Koga was initially 
invented by the German company Siemens as Thermal Recycling Process and licensed in 
1991 to MES.  The first full scale plant in Germany failed, but MES was successful in building 
six plants in Japan and an order from Korea two years ago.  

The R21 technology combines drum pyrolysis and high temperature combustion of the 
pyrolysis products gas and coke in a combustion chamber.  

Technical data of the plant are compiled in Table 5.  The scheme of the process is shown in 
Figure 17, a 3D chart taken from a MES presentation. 

Table 5: Technical data of the Koga R21 plant 

Construction November 2000 - March 2003 

Number of lines 2 

Throughput 2 x 130 t/d 

Availability  300 d/a per line 

Diameter of rotary drum 3.1 m 

Length of rotary drum 23 m 

Pyrolysis residence time 1 - 2 h 

Pyrolysis temperature 450°C 

Air temperature in heating pipes 520°C 

Combustion temperature  1,300°C 

Steam pressure  4 MPa 

Steam temperature 400°C 

Power generation capacity 4.5 MW 

Own/recycling plaza consumption  1.8/0.7 MW 

Power for sale ≈ 2 MW 

Pit for APC residue storage 1,770 m2 / 11,505 m3 

The R21 process treats the combustible waste of Koga city, as well as the residues from the 
recycling facility.  The waste bunker is 15 m deep and has a storage capacity of five days.  A 
crane feeds the waste into a shredder where its maximum size is reduced to 20 mm.  A 
screw conveyor transports the shredded material into the internally heated 3.1 m wide and 
23 m long rotary drum.  

The drum is sealed to prevent access of air and to establish an almost oxygen free 
atmosphere.  The temperature inside the drum is 450°C, and the residence time of the waste 
is in the order of 1 - 2 hours.  A picture of the drum is seen in the left part of Figure 18. 
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Figure 17: Flow diagram of the MES R21 process 

 

 

Figure 18: Photo of the pyrolysis drum (left) and of the operator explaining the func-
tion of the drum (right, with a full scale cross-section of the drum in the background) 

 

 

The right photo in the same figure shows the operator of the plant explaining the function of 
the drum with the help of a chart in the foreground.  A cross section of the drum partly seen 
in the background visualises the complex design of the internal heating tubes.  The heating 
medium is air heated up in the first pass of the boiler.   
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The pyrolysis process transforms the waste into pyrolysis gas, the typical composition of 
which is compiled in Table 6 and a solid residue consisting of pyrolysis coke, inert matter, 
and metal scrap. 

Table 6: Main species and their typical concentration in pyrolysis gas 

Species Concentration  Species Concentration 

O2 0 vol%  CnHm 5 vol% 

CO 30 vol%  NH3 20 - 100 ppm 

CO2 20 - 40 vol%  HCN 1  50 ppm 

H2 15 vol%  SO2 <100 ppm 

CH4 15 vol%  H2S >1,000 ppm 

The solid residues are discharged to a drum where they are cooled down to approx. 80°C 
and are then transferred to a sorting stage equipped with a magnetic separation for ferrous 
and an eddy current separation for non ferrous metals recovery.  The residual fraction 
passes an air separator to blow the pyrolysis coke out.  This carbonaceous material is 
pneumatically transported into the high temperature combustion chamber; the inert residue 
can be utilised as aggregate in asphalt or concrete applications. 

The pyrolysis gas is transferred to the high temperature combustion chamber (see Figure 19) 
where it is burnt together with the pyrolysis coke at a temperature of approx. 1,300°C. 

Figure 19: High temperature combustion chamber 

 

The liquid slag from the high temperature combustion chamber is quenched with water.  The 
leaching of heavy metals out of this slag is very low; the material can be utilised the same 
way as the inert residues from the pyrolysis process.  

The hot flue gas leaving the combustion chamber enters the heat recovery system.  In the 
first pass, air is heated which serves as an energy source for the pyrolysis drum, the 
following part is a conventional boiler with generation of steam of 400°C and 4 MPa which 
feeds a turbine.  The electric power is sold to a local power distribution company. 

The first stage of the air pollution control (APC) system is a fabric filter for removal of the fly 
ashes.  Since this filter is labelled as a dioxin removal stage, it is assumed that activated 
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carbon is injected in the cylindrical container seen between the boiler and the first filter in 
Figure 17. 

For acid gas cleaning, Neutrec® technology is installed.  This is a dry process, invented by 
Solvay, which uses freshly ground NaHCO3 as a reagent for abatement of acid gases.  The 
process guarantees compliance with the emission standards of the plant, which are listed in 
Table 7. As can be seen these are significantly higher than those of the Omuta RDF 
combustion plant (compare Table 4). 

Table 7: Selected air emission limits of the R21 plant (standardised to a CO2 off-gas 
concentration of 14%)  

 Emission limit 

Dust  20 mg/m3 

HCl 100 ppm 

SO2 100 ppm 

NOx 100 ppm 

PCDD/F 0.05 ng[I-TE]/m3 

The main advantage of the Neutrec® process is its stoichiometry of almost 1, which 
compensates the higher operation costs by the small amount of residues.  The reaction 
products NaCl and Na2SO4 account for about 95% of these residues, and the remaining 5% 
consist of other salts, including heavy metal ones.  

The APC residues are stored in bags of 600 kg each in a roofed concrete pit with an area of 
1,770 m2.  The pit volume of 11,505 m3 allows the storage of residues accumulated during 15 
years of operation.  There is a good chance that heavy metal recovery and recycling of the 
alkali salts (offered in Europe by Solvay) will be economically attractive in the future. 

Economy 

The investment for the plant was approx. 13 billion ¥ (≈ 104 million €).  The depreciation time 
and conditions have not been reported, however, it can be expected that the time is 15 years 
as for comparable facilities in Japan.  

The operator quoted 10,000 ¥ (≈ 80 €) as treatment costs of one tonne of waste in the R21 
plant.  It can be expected that this is rather the gate fee than the real treatment costs since it 
is close to the 9,500 ¥ reported for the fee to be paid by the community in Omuta.  The sum 
includes most likely the revenues from sales of power and metals.  

The price of electric power can be expected to be in the same order of magnitude as in 
Omuta, which is 8 ¥/kWh (≈ 6.4 €cent).  The total income per tonne of waste, however, is 
much lower due to the lower electrical efficiency, which, should, in accordance with the 
turbine capacity,, reach approx. 15%.  

Using a lower MSW heating value of 10 MJ/kg, the generation of electric power should be 
approximately 420 kWh/Mg.  Since only around 45% of the generated power are sold, this 
would mean an income of approx. 1,500 ¥ (≈ 12 €) per tonne.  

If an additional profit of 1,000 - 2,000 ¥ (≈ 8 - 16 €) from the sale of metal scrap would be 
considered, the total treatment costs per tonne of waste in the R21 plant should be in the 
order of 13,000 ¥ (≈ 105 €).  This sum is low compared to 18,500 ¥ (≈ 150 €) calculated for 
the combustion of one tonne of RDF in the Omuta Recycle Power Plant.  
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Koga city recycling plaza 

Technology 

The recycling plaza is located in the same building as the R21 plant and can be seen in the 
background of Figure 16.  Technical data of the plant and main materials treated in the plant 
are compiled in Table 8. The list of treated materials may not be complete. 

Table 8: Technical data of the recycling plaza and treated materials 

Building area 2,750 m2 

Throughput 48 t/d 

Operation time per day 5 h (on weekdays) 

Accepted and recycled materials 

    metal scrap, cans aluminium and steel  

    glass white, green, other cullet 

    paper etc. paper, paper carton, board 

    plastics esp. PET bottles, PS foam trays 

    bulky waste  

    hazardous MSW dry batteries, fluorescent tubes 

The first step in the plant is the sorting of the incoming waste into material specific fractions 
which is, to a great extent, done manually.  High-tech processes such as NIR (near infrared) 
systems for separation of different plastic species or coloured glass are also applied.  The 
separated and practically uniform materials undergo further treatment such as shredding, 
grinding, pelletizing, or compacting, depending on the specification of the final products.  

Bulky waste also ends up on the tipping floor where it is first hand sorted, than passed 
through a metal separation stage.  Burnable residues are shredded and sent to the R21 
plant.   

Glass is sorted into white, green, and different-coloured cullet.  White and green glass is sold 
to glassworks; the residual cullet is used for the production of glass foam. 

Polystyrene is melted and moulded into pellets, paper and paper board is baled, soft drink 
bottles are partly shredded, and partly sold as complete bottles on pallets. 

The recycling plaza was not in operation during the visit.  The various treatment steps were 
demonstrated by the operator of the R21 plant using charts on the walls of the bright and 
wide aisles.  

Error! Reference source not found.Figure 20 gives examples of charts explaining 
the workflow applied for recycling of the various materials.  In most cases, the waste items 
and the final products of the respective processes are displayed below the charts.  
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Figure 20: Explanation of recycling methods by the operator of the R21 plant and 
recycled materials ready for sale: overview of all processes (top left), sorting and 
baling of waste paper (top right), baled paper (bottom left), recycled composite 
containers and PET bottles (bottom right) 

 

 

Aluminium cans are of paramount importance due to the high aluminium price.  The cans are 
compacted to form kinds of ingots as shown in Figure 21.  

Figure 21: Compacted aluminium cans 

 

Like in Omuta where a facility for interaction and education was built, the Koga centre 
houses an exhibition of waste materials as well as recycled items.  The left photo in Figure 
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22 shows the entrance to the exhibition of recycled materials.  This area is mainly installed to 
educate children.  In an attached workshop they can explore what can be done with, and 
what can be produced from waste materials. 

Figure 22: Entrance to the exhibition rooms (left) and women producing decorative 
items from waste (right) 

 

The right photo has been taken during a course where women produced decorative items 
from waste.  

The way the recycling processes, their efficiencies, and their products were presented can 
be looked upon as exemplary.  The members of Task 36 were deeply impressed by the 
efforts the operators and the local decisions makers spent to establish not only a well 
functioning waste management system, but also to spread the message of the value of 
recycling among the citizens. 

Economy 

For the total construction costs of the Koga city waste management centre, a sum of approx. 
20 billion ¥ (≈ 160 million €) was stated.  Taking the investment for the thermal part of 13 
billion ¥ into account, that leaves about 7 billion ¥ (≈ 56 million €) investment for the recycling 
plaza, including the information and education facilities. 

Detailed information about the operational costs was not available.  Only data on the 
revenues from the sold metals were announced.  The price of aluminium was 97 ¥/kg and 
that of iron was 27 ¥/kg. 
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Waste management strategy  

The Munakata Eco Park is the second centre set up by the Koga and One City, Four Towns 
Waste Treatment Co-operation and is also operated by Genkai Environmental Association.  
It is located in Munakata, Fukuoka prefecture, approx. 12 km north-east of the Koga city 
centre and, like that one, is a combination of a recycling plaza and a thermal treatment plant 
under one roof. Like in Koga city, there is also a recycling information/exhibition and 
education centre integrated in the administration building for public relations.  

The objectives to set up the centre were the same as those reported above.  The main 
drivers were:  

- shortage of landfill space; 
- the new Japanese legislative regulations for establishing a recycling-oriented society;  
- problems with dioxin emissions in the former waste combustion facilities. 

Hence, recycling became the number one solution for reducing the amount of waste for 
disposal and thermal treatment, using alternative processes for making the residues inert 
and reducing the volume of the residual combustible waste.  

The waste collection system with separation of burnable and recyclable waste is the same as 
described above for the Koga centre. 

The technology chosen for thermal treatment was gasification, which offers another route for 
minimising dioxin formation and reduces the volume of waste to be disposed of significantly 
by producing molten slag.  The slag has, due to its leaching stability, a high potential for 
utilisation as secondary building material.  

The selected process was the Nippon Steel gasifier, a combination of shaft furnace 
gasification based on steel blast furnaces and high temperature combustion.  A photo of the 
gasification plant is shown in Figure 23. 

Figure 23: View of the Nippon Steel gasification plant at Munakata Eco Park 
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The decision to establish Munakata Eco Park was made at the end of the 1990s; 
construction started in February 2001, and was completed in June 2003.  The basic data 
concerning the layout of the waste treatment centre are compiled in Table 9. 

Table 9: Layout of the Munakata Eco Park 

Lot area 150,000 m2 

Recycling plaza building 4,043 m2 

Gasification plant building 5,359 m2 

Disposal area for gas cleaning residues 1,470 m2 

Exhibition and administration building 981 m2 

Nippon Steel gasification plant 

Technology 

The shaft furnace technology used for thermal treatment of combustible waste is by far the 
most applied gasification process in Japan, but hardly known outside the country.  It was 
developed during the early 1990s by Nippon Steel, based on its experiences with shaft 
furnaces used in its steel works.  Meanwhile, all over Japan, 15 plants with 52 lines and an 
accumulated capacity of almost 2,750 t/d are in operation.  The technical data of the local 
Nippon Steel gasification plant are compiled in Table 10. 

Table 10: Technical data of the Nippon Steel gasification plant 

Design waste throughput 44,000 t/a 

Number of lines 2 

Design waste throughput per line 80 t/d 

Design coke throughput 61 kg/t of waste 

Waste throughput in 2008 32,177 t 

Coke throughput in 2008 1,954 t 

Design operation time  240 d/a per line 

Operation time furnace 1 in 2008 183 d 

Operation time furnace 2 in 2008 202 d 

Both furnaces in operation 28 d 

Waste humidity 50 - 55% 

Gasification residence time 4 h 

Gasification temperature 300  1,000°C 

Oxygen in gasification air 36 vol% 

Combustion temperature  ≈ 940°C 

Steam pressure  4 MPa 

Steam temperature 400°C 

Power generation capacity 2.4 MW 

Typical power generation  1.2 MW 

Power sold in 2008 722 MWh 

The flow diagram of the plant is shown in Figure 24.  
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Figure 24: Flow diagram of the Nippon Steel process 

 

The burnable MSW is delivered by truck to the bunker.  Coarse waste passes through a 
shredder for size reduction.  Dried sewage sludge is mixed in from a waste water treatment 
plant.  A crane takes the waste mix to the top of the gasification furnace.  Hazardous and 
medical waste is stored in a separate small silo from where it is also fed into the furnace. 

For better control of the gasification process  a small amount of approx. 0.6% of coke is 
added to the waste in layers.  For conditioning of the slag, as well as for capture of some 
sulphur, lime stone is added.  A scheme of the furnace with indication of the different reaction 
zones is shown in Figure 25. 

Figure 25: Scheme of the gasification furnace 

 

The waste enters the furnace via a double flap lock which ensures a tight separation of the 
furnace atmosphere from the environment.  Oxygen enriched air (36 vol%) is blown into the 
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furnace through four nozzles at the lower part; through another six nozzles higher up, air is 
injected. 

The energy for the gasification process is delivered by the combustion of residual carbon at 
1,000 - 1,800°C in the lower part of the furnace.  This high temperature causes melting of the 
slag which is drained through an outlet at the bottom of the furnace.  A discharge of liquid 
slag is shown in Figure 26.  

Figure 26: Discharge of liquid slag from furnace 2 

 

The slag of the gasifier is quenched in the water of the deslagger.  After separation of ferrous 
and non-ferrous metals, it is used as construction material.  The metal fractions are sold.  
The ferrous scrap is mainly used as counterweight material for cranes, dredgers or other 
machinery.   

The gasification takes place in a temperature range between 400 and 1,000°C above the 
combustion zone.  The hot syngas leaves the furnace after heating the mix waste, coke, and 
lime stone.  Its main components are CO with 15 - 20 vol% and H2 with 2 - 5 vol%.  The 
calorific value of the gas is in the order of 6.7 MJ/m3. 

In a cyclone directly behind the gas outlet, coarse fly ashes are removed and are fed back 
into the furnace; the gas is then burnt in a cyclone combustion chamber at a temperature of 
approx. 940°C.  

The natural circulation boiler cools the flue gas down to 160°C.  The steam of 400°C and 4 
MPa, serves for power production and heating purposes.  Most of the energy is used in the 
gasification plant and in the recycling plaza, only a small fraction of the generated electric 
power is exported (compare 0).  

For air pollution control, dry scrubbing with injection of slaked lime (Ca(OH)2 into the flue gas 
is applied.  The APC residues are stored in bags in a roofed concrete pit built on the 
premises of the Eco Park (see Figure 27).  The pit volume of 9,340 m3 allows the storage of 
residues accumulated during five years.  The aim is for heavy metal recovery from the 
material in the future. 
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Figure 27: Pit for storage of APC residues 

 

The last stage of the flue gas cleaning is a SCR system with ammonia injection into the 
reheated flue gas.  The air emission limits of the plant are compiled in Table 11. These limits 
are with the exception of dioxins lower than those of the R21 plant in Koga city and with the 
exception of dust and NOx higher than those of the Omuta RDF combustion plant.  

Table 11: Selected air emission limits of the Nippon Steel gasification plant 
(standardised to a CO2 off-gas concentration of 14%, bdl = below detection limit, * July 
2009)  

 Emission limit Emission November 2009 

Dust  10 mg/m3 < 1 

CO 30 ppm < 1 

HCl 50 ppm 18 

SO2 50 ppm 2 

NOx 50 ppm 19 

PCDD/F 0.1 ng[I-TE]/m3 0.000046 ng[I-TE]/m3 

The table contains emission data measured for furnace 2 - which was the only one in 
operation - in November 2009, the month of the visit.  The sampling for dioxin emission 
control was performed in July 2009.  The reported figures document the easy compliance of 
the plant with the emission standards.  

The plant is operated by 28 people - 16 working in 4 shifts, 12 during the day in 2 shifts.  
These people are employed by the operation company.  In addition and as a kind of 
controlling/auditing process, 3 ‘officers’ of the municipality are permanently working in the 
plant.   

Recycling plaza 

Technology 

The amount of non burnable waste processed in the recycling plaza is listed in Table 12, 
together with the accepted and recycled waste materials.  The latter ones are, in principle, 
the same as in the Koga city recycling facility.  
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Table 12: Technical data of the recycling facility and treated materials 

Total throughput  40 t/d 

Recyclable waste throughput 22 t/d 

Non burnable waste throughput 18 t/d 

Operation time 5 h/d (on weekdays) 

Accepted and recycled materials 

   metal scrap, cans iron, aluminium,  

    glass white, brown, other cullet 

    paper etc. paper, paper carton, board 

    plastics esp. PET bottles, PS foam trays 

    non burnable waste  

    bulky waste  

The treatment methods, too, are almost the same with sorting, crushing, pelletizing etc.  The 
sorting is mainly done manually and manual sorting is typically a dirty and unforgiving 
(human) working activity, however, it was surprising to see the clean working areas where 
the sorting took place in the facility (see Figure 28). 

Figure 28: Hand sorting of recyclable waste 

 

To a great extent, manually performed sorting and recycling requires a number of 
employees.  The sorting is done by 11 employees and another 11 operate the recycling 
processes.  For assistance, maintenance and other activities, another 4 workers are present. 

Economy 

The data supplied on the economic facts are not complete and to some extent it was not 
clear whether they are describing the entire complex or are valid for single facilities only.  

The construction costs of the Eco Plaza were indicated as 15 billion ¥ (≈ 120.5 million €) and 
the annual costs are 1 billion ¥ (≈ 8 million €).  

A specific number was given for the thermal treatment, which is 20,000 ¥/t (≈ 160 €/t) and - 
as said - more expensive than incineration in grate furnaces in Japan.  There is not much 
income from the small sale of electric power which resulted in a profit of 563 million ¥ (≈ 
45,000 €) only.  These figures allow the calculation of the power price which is 7.8 ¥ (≈ 6.2 
€cent) -similar to Omuta.    
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Considering the 2008 throughput of the gasification plant of approx. 32,000 tonnes, the 
operation costs of the gasification plant amounted to approx. 645 million ¥ (≈ 5.2 million €), 
which leaves 355 million ¥ for the operation of the recycling facility.   

Since this plant operates on weekdays only, it can be estimated that it has an annual 
throughput of approximately 10,000 tonnes.  Hence the recycling costs should be in the order 
of 35,000 ¥ (≈ 280 €) per tonne, a rather high sum if the figures supplied are accurate.  


