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 CARBONIZATION AND GASIFICATION OF BIOMASS 
 AND POWER GENERATION SYSTEM 
 
FIELD OF THE INVENTION 

[0001] THIS INVENTION RELATES TO THE GENERATION OF GAS BY 

CARBONIZATION AND GASIFICATION OF BIOMASS, AND TO THE EFFICIENT 

GENERATION OF POWER USING BIOMASS AS A SOURCE OF ENERGY.   

 

BACKGROUND OF THE INVENTION 

[0002] THE TERM "BIOMASS" AS USED HEREIN, MEANS A MATERIAL 

WHICH INCLUDES A SUBSTANTIAL QUANTITY OF MATTER DERIVED FROM 

LIVING ORGANISMS.  BIOMASS MAY INCLUDE, FOR EXAMPLE, 

AGRICULTURAL WASTE, FORESTRY WASTE, MUNICIPAL WASTE, BUILDING 

MATERIAL WASTE, WASTE GENERATED IN FOOD PRODUCTION, WASTE 

TREATMENT SLUDGE, AND THE LIKE, AND MIXTURES OF SUCH MATERIALS. 

 A BIOMASS MAY INCLUDE SOME INORGANIC MATTER, AND MAY ALSO 

INCLUDE SIGNIFICANT QUANTITIES OF ORGANIC MATERIALS THAT ARE 

MORE REMOTELY RELATED TO LIVING ORGANISMS, SUCH AS WASTE 

PLASTICS.   

[0003] A TECHNOLOGY FOR CARBONIZATION AND GASIFICATION, 

ALREADY IN WIDESPREAD USE, IS DESCRIBED IN JAPANESE PATENT 

APPLICATION NO. 35837/2004.  IN THIS TECHNOLOGY, CARBONIZED 

MATERIAL (CHAR) IS PRODUCED IN A CARBONIZATION CHAMBER, AND 

INTRODUCED INTO A GASIFIER, WHERE IT IS CONVERTED TO A GAS BY 

THE USE OF AIR AND STEAM.  THE CARBONIZING STEP REMOVES WATER 

FROM THE RAW FUEL WHILE LEAVING A SUITABLE AMOUNT OF VOLATILE 

MATTER IN THE CARBONIZED MATERIAL, AND THEREBY IMPROVES THE 

EFFICIENCY OF THE GASIFICATION STEP.  

[0004] ANOTHER SYSTEM HAS BEEN PROPOSED, IN WHICH BIOMASS 

IS FED DIRECTLY TO A GASIFIER, BY A SCREW FEEDER FOR EXAMPLE, 

WITHOUT PRELIMINARY CARBONIZATION, AND AIR OR OXYGEN, AND STEAM 

ARE INTRODUCED INTO A REFORMER INSTALLED ON THE DOWNSTREAM SIDE 

OF THE GASIFIER IN ORDER TO DECOMPOSE TAR PRODUCED IN THE 

CARBONIZATION AND GASIFICATION OF BIOMASS  AND POWER
GENERATION SYSTEM FIELD OF THE INVENTION [0001] THIS
INVENTION RELATES TO THE GENERATION OF GAS BY
CARBONIZATION AND GASIFICATION OF BIOMASS, AND TO THE
EFFICIENT  GENERATION OF POWER USING BIOMASS AS A SOURCE
OF ENERGY. BACKGROUND OF THE INVENTION [0002] THE TERM
"BIOMASS" AS USED HEREIN, MEANS A MATERIAL  WHICH INCLUDES
A SUBSTANTIAL QUANTITY OF MATTER DERIVED FROM  LIVING
ORGANISMS. BIOMASS MAY INCLUDE, FOR EXAMPLE,
AGRICULTURAL WASTE, FORESTRY WASTE, MUNICIPAL WASTE,
BUILDING  MATERIAL WASTE, WASTE GENERATED IN FOOD
PRODUCTION, WASTE  TREATMENT SLUDGE, AND THE LIKE, AND
MIXTURES OF SUCH MATERIALS.  A BIOMASS MAY INCLUDE SOME
INORGANIC MATTER, AND MAY ALSO  INCLUDE SIGNIFICANT
QUANTITIES OF ORGANIC MATERIALS THAT ARE  MORE REMOTELY
RELATED TO LIVING ORGANISMS, SUCH AS WASTE  PLASTICS. [0003]
A TECHNOLOGY FOR CARBONIZATION AND GASIFICATION,  ALREADY
IN WIDESPREAD USE, IS DESCRIBED IN JAPANESE PATENT
APPLICATION NO. 35837/2004. IN THIS TECHNOLOGY, CARBONIZED
MATERIAL (CHAR) IS PRODUCED IN A CARBONIZATION CHAMBER,
AND  INTRODUCED INTO A GASIFIER, WHERE IT IS CONVERTED TO A
GAS BY  THE USE OF AIR AND STEAM. THE CARBONIZING STEP
REMOVES WATER  FROM THE RAW FUEL WHILE LEAVING A SUITABLE
AMOUNT OF VOLATILE  MATTER IN THE CARBONIZED MATERIAL, AND
THEREBY IMPROVES THE  EFFICIENCY OF THE GASIFICATION STEP.
[0004] ANOTHER SYSTEM HAS BEEN PROPOSED, IN WHICH BIOMASS
IS FED DIRECTLY TO A GASIFIER, BY A SCREW FEEDER FOR
EXAMPLE,  WITHOUT PRELIMINARY CARBONIZATION, AND AIR OR
OXYGEN, AND STEAM  ARE INTRODUCED INTO A REFORMER
INSTALLED ON THE DOWNSTREAM SIDE  OF THE GASIFIER IN ORDER
TO DECOMPOSE TAR PRODUCED IN THE 1 
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GASIFIER.  THIS SYSTEM IS DESCRIBED IN JAPANESE PATENT 

APPLICATION NO. 326241/2003.  

[0005] IN CONVENTIONAL CARBONIZATION/GASIFICATION 

TECHNOLOGY, HIGH GASIFICATION EFFICIENCY IS REALIZED BECAUSE 

THE CARBONIZED MATERIAL FED TO THE GASIFIER HAS A VERY LOW WATER 

CONTENT.  ON THE OTHER HAND, THE OVERALL EFFICIENCY OF 

CONVENTIONAL GASIFICATION/CARBONIZATION TECHNOLOGY IS LOW 

BECAUSE A SIGNIFICANT QUANTITY OF ENERGY IS UTILIZED IN THE 

CARBONIZATION PROCESS, AND HEAT AND COMBUSTIBLE PYROLYSIS GAS, 

OBTAINED AS BY-PRODUCTS OF THE CARBONIZATION PROCESS ARE 

RELEASED WITHOUT BEING UTILIZED.  

[0006] WHERE GASIFICATION IS CARRIED OUT BY DIRECTLY 

INTRODUCING BIOMASS INTO A GASIFIER WITHOUT PRELIMINARY 

CARBONIZATION, THE TEMPERATURE INSIDE THE GASIFIER REMAINS IN 

THE RANGE FROM ABOUT 600°C TO 1000°C BECAUSE OF THE HIGH WATER 

CONTENT IN THE BIOMASS.  AS A RESULT, TAR IS OFTEN PRODUCED, 

AND THE TAR ADHERES TO PIPING, CAUSING INEFFICIENT OPERATION 

AND REQUIRING COUNTERMEASURES SUCH AS DECOMPOSITION OF THE TAR 

BY STEAM.  ESPECIALLY IN THE CASE WHERE THE FUEL CONSISTS OF 

A MIXTURE OF VARIOUS KINDS OF BIOMASS, IT IS DIFFICULT TO 

DECOMPOSE THE TAR USING STEAM, WHICH IS TYPICALLY AT A 

TEMPERATURE IN THE RANGE FROM 400°C TO 450°C.  AS A RESULT, 

THERE THE ADHERING TAR MUST BE REMOVED IN A SEPARATE STEP USING 

A SUITABLE CLEANSING DEVICE.  REMOVAL OF THE TAR, NECESSARILY 

REMOVES CARBON AND HYDROGEN CONTAINED THEREIN, AND CONSEQUENTLY 

PART OF THE TOTAL HEATING VALUE OF THE GAS PRODUCED BY THE 

GASIFIER IS LOST IN THE TAR REMOVAL PROCESS.  TAR CAN ALSO BE 

DECOMPOSED BY THE USE OF OXYGEN, BUT THIS PROCESS ALSO RESULTS 

IN A REDUCTION OF THE HEATING VALUE OF THE GENERATED GAS.    

[0007] AN OBJECT OF THE INVENTION, THEREFORE, IS TO PROVIDE 

FOR MORE EFFICIENT CARBONIZATION AND GASIFICATION OF BIOMASS, 

BY REDUCTION OF ENERGY LOST THROUGH DISCHARGE OF PYROLYSIS GAS 

IN THE CARBONIZATION PROCESS, AND REDUCTION IN THE 

GASIFIER. THIS SYSTEM IS DESCRIBED IN JAPANESE PATENT
APPLICATION NO. 326241/2003. [0005] IN CONVENTIONAL
CARBONIZATION/GASIFICATION  TECHNOLOGY, HIGH GASIFICATION
EFFICIENCY IS REALIZED BECAUSE  THE CARBONIZED MATERIAL
FED TO THE GASIFIER HAS A VERY LOW WATER  CONTENT. ON THE
OTHER HAND, THE OVERALL EFFICIENCY OF CONVENTIONAL
GASIFICATION/CARBONIZATION TECHNOLOGY IS LOW  BECAUSE A
SIGNIFICANT QUANTITY OF ENERGY IS UTILIZED IN THE
CARBONIZATION PROCESS, AND HEAT AND COMBUSTIBLE
PYROLYSIS GAS,  OBTAINED AS BY-PRODUCTS OF THE
CARBONIZATION PROCESS ARE  RELEASED WITHOUT BEING
UTILIZED. [0006] WHERE GASIFICATION IS CARRIED OUT BY
DIRECTLY  INTRODUCING BIOMASS INTO A GASIFIER WITHOUT
PRELIMINARY  CARBONIZATION, THE TEMPERATURE INSIDE THE
GASIFIER REMAINS IN  THE RANGE FROM ABOUT 600C TO 1000C
BECAUSE OF THE HIGH WATER  CONTENT IN THE BIOMASS. AS A
RESULT, TAR IS OFTEN PRODUCED,  AND THE TAR ADHERES TO
PIPING, CAUSING INEFFICIENT OPERATION  AND REQUIRING
COUNTERMEASURES SUCH AS DECOMPOSITION OF THE TAR  BY
STEAM. ESPECIALLY IN THE CASE WHERE THE FUEL CONSISTS OF  A
MIXTURE OF VARIOUS KINDS OF BIOMASS, IT IS DIFFICULT TO
DECOMPOSE THE TAR USING STEAM, WHICH IS TYPICALLY AT A
TEMPERATURE IN THE RANGE FROM 400C TO 450C. AS A RESULT,
THERE THE ADHERING TAR MUST BE REMOVED IN A SEPARATE STEP
USING  A SUITABLE CLEANSING DEVICE. REMOVAL OF THE TAR,
NECESSARILY  REMOVES CARBON AND HYDROGEN CONTAINED
THEREIN, AND CONSEQUENTLY  PART OF THE TOTAL HEATING
VALUE OF THE GAS PRODUCED BY THE  GASIFIER IS LOST IN THE
TAR REMOVAL PROCESS. TAR CAN ALSO BE  DECOMPOSED BY THE
USE OF OXYGEN, BUT THIS PROCESS ALSO RESULTS  IN A
REDUCTION OF THE HEATING VALUE OF THE GENERATED GAS.
[0007] AN OBJECT OF THE INVENTION, THEREFORE, IS TO PROVIDE
FOR MORE EFFICIENT CARBONIZATION AND GASIFICATION OF
BIOMASS,  BY REDUCTION OF ENERGY LOST THROUGH DISCHARGE
OF PYROLYSIS GAS  
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DETERIORATION OF THE HEATING VALUE OF THE GENERATED GAS DUE 

TO THE FORMATION OF TAR. 

[0008] PRESENTLY-AVAILABLE POWER GENERATION SYSTEMS HAVING 

A CAPACITY ON THE ORDER OF 1 MEGAWATT, IN WHICH WOOD-BASED 

BIOMASS SUCH AS TIMBER, AND WASTE BASED BIOMASS, SUCH AS 

MUNICIPAL SOLID WASTE, REFUSE, WASTE PLASTICS AND THE LIKE ARE 

USED AS FUEL FOR A BOILER, HAVE A POWER GENERATION EFFICIENCY 

OF ABOUT 10% AT BEST.  IMPROVED POWER GENERATION EFFICIENCY 

OF BIOMASS-BASED POWER GENERATION SYSTEMS CAN BE REALIZED.  

A ROTARY KILN, AS DESCRIBED IN JAPANESE PATENT APPLICATION NO. 

253274/2003, DEVELOPED AS A WASTE DISPOSAL APPARATUS, AND A 

FLUIDIZED-BED FURNACE AS DESCRIBED IN JAPANESE PATENT 

APPLICATION NO. 160141/1998, HAVE BEEN ADAPTED FOR USE IN 

BIOMASS POWER GENERATION SYSTEMS AS DESCRIBED.  TECHNOLOGY FOR 

GASIFYING CHAR PRODUCED IN A CARBONIZATION CHAMBER HAS ALSO 

BEEN DISCLOSED, FOR EXAMPLE, IN JAPANESE PATENT APPLICATION 

NO. NO. 275732/2003.  IN THIS CASE, THE DRYING AND CARBONIZATION 

OF RAW MATERIAL IS CARRIED OUT IN A CARBONIZATION CHAMBER USING 

A SUPPLEMENTARY FUEL SUCH AS KEROSENE, HEAVY OIL, AND SO FORTH. 

[0009] IN ADDITION TO THE PROBLEMS OF LOW EFFICIENCY, AND 

TAR REMOVAL REFERRED TO ABOVE, SINCE COMBUSTION IS CARRIED OUT 

AT INTERMEDIATE TO LOW TEMPERATURES, THERE IS ALSO A POSSIBILITY 

OF DIOXIN GENERATION, WHICH IS A SERIOUS ENVIRONMENTAL PROBLEM. 

 MOREOVER, ASH IS DISCHARGED IN POWDERY FORM.  CONSEQUENTLY, 

IN THE HANDLING OF WASTE ASH, WHICH IS TYPICALLY TRANSPORTED 

FOR DISPOSAL IN LANDFILLS, COUNTERMEASURES AGAINST ELUTION OF 

HEAVY METALS AND OTHER DETRIMENTAL CONSTITUENTS OF THE ASH ARE 

REQUIRED, ESPECIALLY WHERE THE ASH RESULTS FROM WASTE BASED 

BIOMASS, SUCH AS REFUSE AND MUNICIPAL SOLID WASTE.  IN SUCH 

A CASE, THE WASTE ASH CAN BE MELTED AND CONVERTED TO SLAG IN 

A SEPARATE MELTING DEVICE. 

[0010] AN ENTRAINED FLOW GASIFIER, OPERATED AT A TEMPERATURE 

OF AT LEAST 1100ΕC SO THAT NO TAR IS FORMED, IS CAPABLE OF 

IN THE CARBONIZATION PROCESS, AND REDUCTION IN THE 2
DETERIORATION OF THE HEATING VALUE OF THE GENERATED GAS
DUE  TO THE FORMATION OF TAR. [0008] PRESENTLY-AVAILABLE
POWER GENERATION SYSTEMS HAVING  A CAPACITY ON THE ORDER
OF 1 MEGAWATT, IN WHICH WOOD-BASED  BIOMASS SUCH AS
TIMBER, AND WASTE BASED BIOMASS, SUCH AS  MUNICIPAL SOLID
WASTE, REFUSE, WASTE PLASTICS AND THE LIKE ARE  USED AS
FUEL FOR A BOILER, HAVE A POWER GENERATION EFFICIENCY  OF
ABOUT 10% AT BEST. IMPROVED POWER GENERATION EFFICIENCY
OF BIOMASS-BASED POWER GENERATION SYSTEMS CAN BE
REALIZED.  A ROTARY KILN, AS DESCRIBED IN JAPANESE PATENT
APPLICATION NO.  253274/2003, DEVELOPED AS A WASTE DISPOSAL
APPARATUS, AND A  FLUIDIZED-BED FURNACE AS DESCRIBED IN
JAPANESE PATENT  APPLICATION NO. 160141/1998, HAVE BEEN
ADAPTED FOR USE IN  BIOMASS POWER GENERATION SYSTEMS AS
DESCRIBED. TECHNOLOGY FOR  GASIFYING CHAR PRODUCED IN A
CARBONIZATION CHAMBER HAS ALSO  BEEN DISCLOSED, FOR
EXAMPLE, IN JAPANESE PATENT APPLICATION  NO. NO. 275732/2003.
IN THIS CASE, THE DRYING AND CARBONIZATION  OF RAW MATERIAL
IS CARRIED OUT IN A CARBONIZATION CHAMBER USING  A
SUPPLEMENTARY FUEL SUCH AS KEROSENE, HEAVY OIL, AND SO
FORTH.  [0009] IN ADDITION TO THE PROBLEMS OF LOW EFFICIENCY,
AND  TAR REMOVAL REFERRED TO ABOVE, SINCE COMBUSTION IS
CARRIED OUT  AT INTERMEDIATE TO LOW TEMPERATURES, THERE
IS ALSO A POSSIBILITY  OF DIOXIN GENERATION, WHICH IS A
SERIOUS ENVIRONMENTAL PROBLEM.  MOREOVER, ASH IS
DISCHARGED IN POWDERY FORM. CONSEQUENTLY,  IN THE
HANDLING OF WASTE ASH, WHICH IS TYPICALLY TRANSPORTED
FOR DISPOSAL IN LANDFILLS, COUNTERMEASURES AGAINST
ELUTION OF  HEAVY METALS AND OTHER DETRIMENTAL
CONSTITUENTS OF THE ASH ARE  REQUIRED, ESPECIALLY WHERE
THE ASH RESULTS FROM WASTE BASED  BIOMASS, SUCH AS
REFUSE AND MUNICIPAL SOLID WASTE. IN SUCH  A CASE, THE
WASTE ASH CAN BE MELTED AND CONVERTED TO SLAG IN  
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CONVERTING ASH INTO MOLTEN SLAG.  AN ENTRAINED FLOW GASIFIER 

HAS BEEN IN THE DEVELOPMENT STAGE FOR GASIFICATION OF COAL, 

AND IS EXPECTED TO AVOID THE PROBLEM OF TAR ADHESION.  HOWEVER, 

IN THE CASE OF THE ENTRAINED FLOW COAL GASIFIER, THE COAL MUST 

BE RENDERED INTO FINE PARTICLES, FOR EXAMPLE PARTICLE HAVING 

A GRAIN SIZE OF AROUND 100 .  BIOMASS SUCH AS WOOD-BASED 

BIOMASS, AND WASTE BASED BIOMASS, CANNOT BE HANDLED AS IT IS, 

AND IS NOT EASILY PROCESSED.  ACCORDINGLY, IF BIOMASS WERE TO 

BE GASIFIED IN SUCH AN APPARATUS, IT WOULD NEED TO BE PROCESSED 

USING A SEPARATE DEVICE, THEREBY REQUIRING A COSTLY INCREASE 

IN PLANT SCALE.  

[0011] WOOD-BASED BIOMASS CAN BE USED BY ITSELF AS FUEL. 

 HOWEVER, IT IS DIFFICULT TO SECURE SUCH A FUEL RELIABLY AND 

CONSISTENTLY BECAUSE THE QUANTITY OF WOOD-BASED BIOMASS THAT 

IS AVAILABLE VARIES SEASONALLY AND IS SUSCEPTIBLE TO VARIATIONS 

IN WEATHER.  CONSEQUENTLY, WOOD-BASED BIOMASS HAS A HIGH 

COLLECTION COST AND IS NOT COST-EFFICIENT WHEN USED BY ITSELF 

AS A FUEL.  IN ADDITION, BECAUSE OF THE DIFFICULTY OF COLLECTING 

THE REQUIRED QUANTITY OF WOOD-BASED BIOMASS, EXPANSION OF THE 

SCALE OF POWER GENERATION EQUIPMENT IS DIFFICULT TO ACHIEVE, 

AND IT IS DIFFICULT TO USE WOOD-BASED BIOMASS TO IMPLEMENT 

HIGH-EFFICIENCY POWER GENERATION. 

[0012] ANOTHER OBJECT OF THE INVENTION, THEREFORE, IS TO 

PROVIDE A BIOMASS POWER GENERATION SYSTEM WHICH HAS HIGH THERMAL 

EFFICIENCY AND POWER GENERATION EFFICIENCY, AND WHICH IS 

CAPABLE OF STABLY GENERATING POWER BY CARBONIZATION, 

COMBUSTION, AND GASIFICATION, WHERE THE RAW MATERIAL TO BE 

PROCESSED INCLUDES NOT ONLY WOOD-BASED BIOMASS, BUT ALSO 

WASTE-BASED BIOMASS SUCH AS MUNICIPAL SOLID WASTE. 

 

BRIEF SUMMARY OF THE INVENTION  

[0013] USING CALCULATION SOFTWARE FOR PREDICTION OF 

GASIFICATION PERFORMANCE, WE HAVE CONDUCTED A STUDY ON TWO 

A SEPARATE MELTING DEVICE. [0010] AN ENTRAINED FLOW
GASIFIER, OPERATED AT A TEMPERATURE  OF AT LEAST 110DEC SO
THAT NO TAR IS FORMED, IS CAPABLE OF 3 CONVERTING ASH INTO
MOLTEN SLAG. AN ENTRAINED FLOW GASIFIER  HAS BEEN IN THE
DEVELOPMENT STAGE FOR GASIFICATION OF COAL,  AND IS
EXPECTED TO AVOID THE PROBLEM OF TAR ADHESION. HOWEVER,
IN THE CASE OF THE ENTRAINED FLOW COAL GASIFIER, THE COAL
MUST  BE RENDERED INTO FINE PARTICLES, FOR EXAMPLE
PARTICLE HAVING  A GRAIN SIZE OF AROUND 100 MM. BIOMASS
SUCH AS WOOD-BASED  BIOMASS, AND WASTE BASED BIOMASS,
CANNOT BE HANDLED AS IT IS,  AND IS NOT EASILY PROCESSED.
ACCORDINGLY, IF BIOMASS WERE TO  BE GASIFIED IN SUCH AN
APPARATUS, IT WOULD NEED TO BE PROCESSED  USING A
SEPARATE DEVICE, THEREBY REQUIRING A COSTLY INCREASE  IN
PLANT SCALE. [0011] WOOD-BASED BIOMASS CAN BE USED BY
ITSELF AS FUEL.  HOWEVER, IT IS DIFFICULT TO SECURE SUCH A
FUEL RELIABLY AND  CONSISTENTLY BECAUSE THE QUANTITY OF
WOOD-BASED BIOMASS THAT  IS AVAILABLE VARIES SEASONALLY
AND IS SUSCEPTIBLE TO VARIATIONS  IN WEATHER.
CONSEQUENTLY, WOOD-BASED BIOMASS HAS A HIGH  COLLECTION
COST AND IS NOT COST-EFFICIENT WHEN USED BY ITSELF  AS A
FUEL. IN ADDITION, BECAUSE OF THE DIFFICULTY OF COLLECTING
THE REQUIRED QUANTITY OF WOOD-BASED BIOMASS, EXPANSION
OF THE  SCALE OF POWER GENERATION EQUIPMENT IS DIFFICULT
TO ACHIEVE,  AND IT IS DIFFICULT TO USE WOOD-BASED BIOMASS
TO IMPLEMENT  HIGH-EFFICIENCY POWER GENERATION. [00121
ANOTHER OBJECT OF THE INVENTION, THEREFORE, IS TO  PROVIDE
A BIOMASS POWER GENERATION SYSTEM WHICH HAS HIGH
THERMAL  EFFICIENCY AND POWER GENERATION EFFICIENCY, AND
WHICH IS  CAPABLE OF STABLY GENERATING POWER BY
CARBONIZATION,  COMBUSTION, AND GASIFICATION, WHERE THE
RAW MATERIAL TO BE  PROCESSED INCLUDES NOT ONLY
WOOD-BASED BIOMASS, BUT ALSO  
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DIFFERENT PROCESSES: A "ONE-STAGE CHARGE PROCESS," IN WHICH 

INTERMEDIATE PRODUCTS, NAMELY, CARBONIZED MATERIAL AND 

COMBUSTIBLE PYROLYSIS GAS, ARE CHARGED INTO A GASIFIER, AND 

A "TWO-STAGE CHARGE PROCESS," IN WHICH THE INTERMEDIATE 

PRODUCTS ARE RESPECTIVELY FED INTO A HIGH-TEMPERATURE 

GASIFICATION PART (A COMBUSTOR) AND A GAS REFORMER (A REDUCTOR), 

CONSTITUTING TWO SEPARATE STAGES OF A TWO-STAGE GASIFIER.  

[0014] IN THE TWO-STAGE CHARGE PROCESSES, THAT IS, THE 

PROCESS UTILIZING THE TWO-STAGE GASIFIER, A GASIFYING AGENT 

(AIR OR OXYGEN) CAN BE FED INTO THE HIGH-TEMPERATURE 

GASIFICATION PART ONLY.  THE TOTAL OXYGEN RATIO CAN BE 

CONTROLLABLY MAINTAINED AT A LOW LEVEL, AND GASIFICATION CAN 

BE EFFECTED AT HIGH THERMAL EFFICIENCY, USING ONLY A SMALL 

QUANTITY OF GASIFYING AGENT. 

[0015] IN THE TWO-STAGE CHARGE PROCESS, HOWEVER, THE 

TEMPERATURE AT THE OUTLET OF THE GASIFIER (THAT IS, THE OUTLET 

OF THE GAS REFORMER) UNDERGOES A CHANGE DEPENDING ON AN AMOUNT 

OF THE COMBUSTIBLE PYROLYSIS GAS GENERATED IN THE CARBONIZATION 

CHAMBER.  IF THE FLOW RATE OF THE COMBUSTIBLE PYROLYSIS GAS 

INCREASES, THE TEMPERATURE AT THE OUTLET DROPS, AND THERE IS 

A RISK THAT TAR WILL BE FORMED.  TO AVOID THE FORMATION OF TAR, 

IT IS DESIRABLE TO MAINTAIN THE TEMPERATURE AT THE OUTLET OF 

THE GASIFIER AT A LEVEL NOT LOWER THAN A PREDETERMINED MINIMUM 

TEMPERATURE.  

[0016] AS A RESULT OF OUR STUDY, WE HAVE DETERMINED THAT 

THE PROBLEM OF TAR FORMATION IN THE TWO-STAGE CHARGE PROCESS 

CAN BE AVOIDED WITHOUT IMPAIRING DESIRABLE FEATURES OF THE 

TWO-STAGE CHARGE PROCESS.  

[0017] IN A PREFERRED BIOMASS CARBONIZING-GASIFYING SYSTEM 

AND PROCESS IN ACCORDANCE WITH THE INVENTION, BIOMASS FUEL IS 

HEATED IN A CARBONIZATION CHAMBER TO PRODUCE A CARBONIZED 

MATERIAL.  THE SYSTEM AND PROCESS UTILIZE A TWO-STAGE GASIFIER, 

COMPRISING A HIGH-TEMPERATURE GASIFICATION PART FOR GASIFYING 

WASTE-BASED BIOMASS SUCH AS MUNICIPAL SOLID WASTE. BRIEF
SUMMARY OF THE INVENTION [00131 USING CALCULATION
SOFTWARE FOR PREDICTION OF  GASIFICATION PERFORMANCE, WE
HAVE CONDUCTED A STUDY ON TWO 4 DIFFERENT PROCESSES: A
"ONE-STAGE CHARGE PROCESS," IN WHICH  INTERMEDIATE
PRODUCTS, NAMELY, CARBONIZED MATERIAL AND  COMBUSTIBLE
PYROLYSIS GAS, ARE CHARGED INTO A GASIFIER, AND  A
"TWO-STAGE CHARGE PROCESS," IN WHICH THE INTERMEDIATE
PRODUCTS ARE RESPECTIVELY FED INTO A HIGH-TEMPERATURE
GASIFICATION PART (A COMBUSTOR) AND A GAS REFORMER (A
REDUCTOR),  CONSTITUTING TWO SEPARATE STAGES OF A
TWO-STAGE GASIFIER.  [0014] IN THE TWO-STAGE CHARGE
PROCESSES, THAT IS, THE  PROCESS UTILIZING THE TWO-STAGE
GASIFIER, A GASIFYING AGENT  (AIR OR OXYGEN) CAN BE FED INTO
THE HIGH-TEMPERATURE  GASIFICATION PART ONLY. THE TOTAL
OXYGEN RATIO CAN BE  CONTROLLABLY MAINTAINED AT A LOW
LEVEL, AND GASIFICATION CAN  BE EFFECTED AT HIGH THERMAL
EFFICIENCY, USING ONLY A SMALL  QUANTITY OF GASIFYING AGENT.
[0015] IN THE TWO-STAGE CHARGE PROCESS, HOWEVER, THE
TEMPERATURE AT THE OUTLET OF THE GASIFIER (THAT IS, THE
OUTLET  OF THE GAS REFORMER) UNDERGOES A CHANGE
DEPENDING ON AN AMOUNT  OF THE COMBUSTIBLE PYROLYSIS GAS
GENERATED IN THE CARBONIZATION  CHAMBER. IF THE FLOW RATE
OF THE COMBUSTIBLE PYROLYSIS GAS  INCREASES, THE
TEMPERATURE AT THE OUTLET DROPS, AND THERE IS  A RISK THAT
TAR WILL BE FORMED. TO AVOID THE FORMATION OF TAR,  IT IS
DESIRABLE TO MAINTAIN THE TEMPERATURE AT THE OUTLET OF
THE GASIFIER AT A LEVEL NOT LOWER THAN A PREDETERMINED
MINIMUM  TEMPERATURE. [0016] AS A RESULT OF OUR STUDY, WE
HAVE DETERMINED THAT  THE PROBLEM OF TAR FORMATION IN THE
TWO-STAGE CHARGE PROCESS  CAN BE AVOIDED WITHOUT
IMPAIRING DESIRABLE FEATURES OF THE  
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THE CARBONIZED MATERIAL, AND A GAS REFORMER FOR REFORMING 

COMBUSTIBLE PYROLYSIS GAS CONTAINING TAR VOLATILIZED IN THE 

PRODUCTION OF THE CARBONIZED MATERIAL.  FEEDING MEANS ARE 

PROVIDED FOR TRANSFERRING THE CARBONIZED MATERIAL PRODUCED IN 

THE CARBONIZATION CHAMBER TO THE HIGH-TEMPERATURE GASIFICATION 

PART OF THE TWO-STAGE GASIFIER.  A PYROLYSIS GAS FLOW PATH IS 

ALSO PROVIDED FOR SENDING THE COMBUSTIBLE PYROLYSIS GAS 

PRODUCED IN THE CARBONIZATION CHAMBER INTO THE GAS REFORMER 

OF THE GASIFIER.  GASIFYING AGENT FEED MEANS INTRODUCE A 

GASIFYING AGENT TO THE HIGH-TEMPERATURE GASIFICATION PART OF 

THE GASIFIER, AND ALSO CONTROLLABLY FEED A GASIFYING AGENT 

CONTAINING OXYGEN TO THE GAS REFORMER SO THAT THE TEMPERATURE 

AT THE OUTLET OF THE GASIFIER CAN BE PREVENTED FROM FALLING 

BELOW A PREDETERMINED TEMPERATURE, PREFERABLY 1100°C. 

[0018] ESPECIALLY IN THE CASE WHERE THE BIOMASS IS LOW IN 

FIXED CARBON CONTENT, THE RATIO OF A PYROLYSIS GAS, PRODUCED 

AS A BY-PRODUCT IN THE CARBONIZER, RELATIVE TO THE AMOUNT OF 

CARBONIZED MATERIAL OBTAINED FROM CARBONIZATION IS HIGH, THE 

RATE OF FLOW OF PYROLYSIS GAS, BECOMES HIGH IN RELATION TO THE 

RATE OF FLOW OF HIGH-TEMPERATURE GAS FROM THE HIGH-TEMPERATURE 

GASIFICATION PART TO THE REFORMER.  THE PYROLYSIS GAS IS 

TYPICALLY AT A TEMPERATURE IN A RANGE FROM 400 TO 600°C, WHILE 

THE GAS FROM THE GASIFICATION PART IS TYPICALLY AT A TEMPERATURE 

TYPICALLY OF AT LEAST 1500°C, A RAPID DROP IN TEMPERATURE CAN 

OCCURS IN THE GAS REFORMER.  

[0019] IF GASIFYING AGENT IS FED TO THE GAS REFORMER, AS WELL 

AS TO THE HIGH-TEMPERATURE GASIFICATION PART, WHEN THE FLOW RATE 

OF COMBUSTIBLE PYROLYSIS GAS INCREASES, A BURNING REACTION 

BETWEEN THE GASIFYING AGENT AND THE COMBUSTIBLE PYROLYSIS GAS 

OCCURS.  THE BURNING OF PYROLYSIS GAS, WHICH MAY BE REFERRED 

TO AS "RE-BURNING" OR "AFTER-BURNING," PREVENTS A DROP IN GAS 

TEMPERATURE BELOW A PREDETERMINED MINIMUM, AND IS EFFECTIVE TO 

PREVENT TAR FORMATION WITHOUT IMPAIRING THE DESIRABLE FEATURES 

TWO-STAGE CHARGE PROCESS. [0017] IN A PREFERRED BIOMASS
CARBONIZING-GASIFYING SYSTEM  AND PROCESS IN ACCORDANCE
WITH THE INVENTION, BIOMASS FUEL IS  HEATED IN A
CARBONIZATION CHAMBER TO PRODUCE A CARBONIZED  MATERIAL.
THE SYSTEM AND PROCESS UTILIZE A TWO-STAGE GASIFIER,
COMPRISING A HIGH-TEMPERATURE GASIFICATION PART FOR
GASIFYING 5 THE CARBONIZED MATERIAL, AND A GAS REFORMER
FOR REFORMING  COMBUSTIBLE PYROLYSIS GAS CONTAINING TAR
VOLATILIZED IN THE  PRODUCTION OF THE CARBONIZED MATERIAL.
FEEDING MEANS ARE  PROVIDED FOR TRANSFERRING THE
CARBONIZED MATERIAL PRODUCED IN  THE CARBONIZATION
CHAMBER TO THE HIGH-TEMPERATURE GASIFICATION  PART OF THE
TWO-STAGE GASIFIER. A PYROLYSIS GAS FLOW PATH IS  ALSO
PROVIDED FOR SENDING THE COMBUSTIBLE PYROLYSIS GAS
PRODUCED IN THE CARBONIZATION CHAMBER INTO THE GAS
REFORMER  OF THE GASIFIER. GASIFYING AGENT FEED MEANS
INTRODUCE A  GASIFYING AGENT TO THE HIGH-TEMPERATURE
GASIFICATION PART OF  THE GASIFIER, AND ALSO CONTROLLABLY
FEED A GASIFYING AGENT  CONTAINING OXYGEN TO THE GAS
REFORMER SO THAT THE TEMPERATURE  AT THE OUTLET OF THE
GASIFIER CAN BE PREVENTED FROM FALLING  BELOW A
PREDETERMINED TEMPERATURE, PREFERABLY 1100-C. [0018]
ESPECIALLY IN THE CASE WHERE THE BIOMASS IS LOW IN  FIXED
CARBON CONTENT, THE RATIO OF A PYROLYSIS GAS, PRODUCED
AS A BY-PRODUCT IN THE CARBONIZER, RELATIVE TO THE AMOUNT
OF  CARBONIZED MATERIAL OBTAINED FROM CARBONIZATION IS
HIGH, THE  RATE OF FLOW OF PYROLYSIS GAS, BECOMES HIGH IN
RELATION TO THE  RATE OF FLOW OF HIGH- TEMPERATURE GAS
FROM THE HIGH-TEMPERATURE  GASIFICATION PART TO THE
REFORMER. THE PYROLYSIS GAS IS  TYPICALLY AT A TEMPERATURE
IN A RANGE FROM 400 TO 600-C, WHILE  THE GAS FROM THE
GASIFICATION PART IS TYPICALLY AT A TEMPERATURE  TYPICALLY
OF AT LEAST 1500-C, A RAPID DROP IN TEMPERATURE CAN  OCCURS
IN THE GAS REFORMER. 
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OF THE TWO-STAGE CHARGE PROCESS, ESPECIALLY ITS LOW CONSUMPTION 

OF GASIFYING AGENT.  

[0020] PREFERABLY, THE GASIFYING AGENT FEED MEANS 

INTERMITTENTLY FEEDS GASIFYING AGENT CONTAINING OXYGEN TO THE 

GAS REFORMER, AND COMPRISES PIPES, ARRANGED TO FEED A GASIFYING 

AGENT CONTAINING OXYGEN BOTH TO THE HIGH-TEMPERATURE 

GASIFICATION PART, AND TO THE GAS REFORMER.  WHEN THE SYSTEM 

IS SO EQUIPPED, THE FEED OF GASIFYING AGENT CAN BE SELECTABLY 

SWITCHED OVER DEPENDING ON CONDITIONS INSIDE THE GASIFIER.  THUS, 

WHEN THE CARBONIZING-GASIFYING SYSTEM IS OPERATING NORMALLY, 

GASIFYING AGENT MAY BE FED ONLY TO THE HIGH-TEMPERATURE 

GASIFICATION PART.  HOWEVER, IF THE TEMPERATURE AT THE OUTLET 

OF THE GASIFIER DROPS TO A PREDETERMINED TEMPERATURE, OR THE 

RISK OF OCCURRENCE OF SUCH AN EVENT IS DETECTED, EITHER BY 

OBSERVATION OR BY AUTOMATIC SENSING EQUIPMENT, GASIFYING AGENT 

MAY BE FED TO THE GAS REFORMER AS WELL AS TO THE HIGH-TEMPERATURE 

GASIFICATION PART, THEREBY AVOIDING CONDITIONS UNDER WHICH TAR 

IS FORMED.  

[0021] WITH THE BIOMASS CARBONIZING-GASIFYING SYSTEM IN 

ACCORDANCE WITH THE INVENTION, THE CARBONIZED MATERIAL (CHAR) 

PRODUCED IN THE CARBONIZATION CHAMBER, IS CHARGED, AS A FUEL, 

INTO THE HIGH-TEMPERATURE GASIFICATION PART OF THE GASIFIER.  

CONCURRENTLY, AIR OR OXYGEN, AS A GASIFYING AGENT, IS CHARGED 

INTO THE HIGH-TEMPERATURE GASIFICATION PART.  THE WATER CONTENT 

OF THE CARBONIZED MATERIAL IS REMOVED IN THE CARBONIZATION 

TREATMENT, AND CONSEQUENTLY THE ATMOSPHERE IN THE 

HIGH-TEMPERATURE GASIFICATION PART OF THE GASIFIER CAN BE 

MAINTAINED AT A HIGH TEMPERATURE, E.G., 1500°C OR GREATER, WHICH 

IS WELL IN EXCESS OF 1100°C, THE DECOMPOSITION TEMPERATURE OF 

TAR.  ON THE OTHER HAND, THE COMBUSTIBLE PYROLYSIS GAS, PRODUCED 

AS A BY-PRODUCT IN THE CARBONIZATION CHAMBER AND CHARGED INTO 

THE GAS REFORMER, CONTAINS WATER, AND THE WATER CONTENT OF THE 

PYROLYSIS GAS ENHANCES GASIFICATION EFFICIENCY, RELATIVE TO THE 

[0019] IF GASIFYING AGENT IS FED TO THE GAS REFORMER, AS WELL
AS TO THE H I GH- TEMPERATURE GASIFICATION PART, WHEN THE
FLOW RATE  OF COMBUSTIBLE PYROLYSIS GAS INCREASES, A
BURNING REACTION  BETWEEN THE GASIFYING AGENT AND THE
COMBUSTIBLE PYROLYSIS GAS  OCCURS. THE BURNING OF
PYROLYSIS GAS, WHICH MAY BE REFERRED  TO AS "RE-BURNING"
OR "AFTER-BURNING," PREVENTS A DROP IN GAS  TEMPERATURE
BELOW A PREDETERMINED MINIMUM, AND IS EFFECTIVE TO
PREVENT TAR FORMATION WITHOUT IMPAIRING THE DESIRABLE
FEATURES 6 OF THE TWO-STAGE CHARGE PROCESS, ESPECIALLY
ITS LOW CONSUMPTION  OF GASIFYING AGENT. [00201 PREFERABLY,
THE GASIFYING AGENT FEED MEANS  INTERMITTENTLY FEEDS
GASIFYING AGENT CONTAINING OXYGEN TO THE  GAS REFORMER,
AND COMPRISES PIPES, ARRANGED TO FEED A GASIFYING  AGENT
CONTAINING OXYGEN BOTH TO THE HIGH-TEMPERATURE
GASIFICATION PART, AND TO THE GAS REFORMER. WHEN THE
SYSTEM  IS SO EQUIPPED, THE FEED OF GASIFYING AGENT CAN BE
SELECTABLY  SWITCHED OVER DEPENDING ON CONDITIONS INSIDE
THE GASIFIER. THUS,  WHEN THE CARBONIZING-GASIFYING SYSTEM
IS OPERATING NORMALLY,  GASIFYING AGENT MAY BE FED ONLY TO
THE HIGH-TEMPERATURE  GASIFICATION PART. HOWEVER, IF THE
TEMPERATURE AT THE OUTLET  OF THE GASIFIER DROPS TO A
PREDETERMINED TEMPERATURE, OR THE  RISK OF OCCURRENCE
OF SUCH AN EVENT IS DETECTED, EITHER BY  OBSERVATION OR BY
AUTOMATIC SENSING EQUIPMENT, GASIFYING AGENT  MAY BE FED
TO THE GAS REFORMER AS WELL AS TO THE HIGH-TEMPERATURE
GASIFICATION PART, THEREBY AVOIDING CONDITIONS UNDER
WHICH TAR  IS FORMED. [00211 WITH THE BIOMASS
CARBONIZING-GASIFYING SYSTEM IN  ACCORDANCE WITH THE
INVENTION, THE CARBONIZED MATERIAL (CHAR)  PRODUCED IN THE
CARBONIZATION CHAMBER, IS CHARGED, AS A FUEL,  INTO THE
HIGH-TEMPERATURE GASIFICATION PART OF THE GASIFIER.
CONCURRENTLY, AIR OR OXYGEN, AS A GASIFYING AGENT, IS
CHARGED  
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TOTAL QUANTITY OF THE BIOMASS CHARGED INTO THE CARBONIZATION 

CHAMBER, SO THAT A GAS HIGH IN HEATING VALUE AND WITHOUT A TAR 

CONTENT, IS EFFICIENTLY GENERATED.   

[0022] IN SUMMARY, THE INVENTION EFFECTIVELY PREVENTS TAR 

FORMATION AT THE OUTLET OF THE GASIFIER WITHOUT IMPAIRING THE 

ADVANTAGES OF THE TWO-STAGE CHARGE PROCESS.  THERE IS NO TAR 

IN THE GENERATED GAS, AND CONSEQUENTLY NO DETERIORATION IN THE 

HEATING VALUE OF THE GENERATED GAS DUE TO TAR CONTENT.  

FURTHERMORE, THERE IS NO NEED TO USE AUXILIARY EQUIPMENT TO 

CLEANSE TAR ADHERING TO PIPING, OR TO DECOMPOSE TAR BY THE USE 

OF OXYGEN, WHICH ALSO CONTRIBUTES TO, DETERIORATION IN THE 

HEATING VALUE OF THE GENERATED GAS.  SINCE THE COMBUSTIBLE 

PYROLYSIS GAS PRODUCED AS A BY-PRODUCT IN THE CARBONIZATION 

CHAMBER IS UTILIZED, HIGH GASIFICATION EFFICIENCY CAN BE ACHIEVED 

IN COMPARISON WITH THAT OF A CONVENTIONAL CARBONIZING-GASIFYING 

SYSTEM. WHERE THE GASIFYING AGENT IS FED TO THE HIGH-TEMPERATURE 

GASIFICATION PART, AND THE GAS REFORMER, BY A SINGLE GASIFYING 

AGENT FEED DEVICE, THROUGH BRANCHED PIPES, ADVANTAGES IN TERMS 

OF SYSTEM MINIATURIZATION, AND REDUCTION IN COST CAN BE REALIZED. 

[0023] IN ADDITION TO STUDYING THE PERFORMANCE OF 

CARBONIZATION-GASIFYING SYSTEMS, WE HAVE ALSO FOCUSED 

ATTENTION ON THE EFFICIENT GENERATION OF ELECTRIC POWER, USING 

GAS ENGINES, GAS TURBINES, AND FUEL CELLS, AND ON THE EFFICIENT 

UTILIZATION OF EXHAUST HEAT EMITTED IN THE OPERATION OF SUCH 

EQUIPMENT, WHEN OPERATED ON GASEOUS FUEL DERIVED FROM WOOD BASED 

BIOMASS, AND FROM WASTE-BASED BIOMASS, SUCH AS MUNICIPAL SOLID 

WASTE, OR WASTE PLASTICS.  

[0024] FOR BIOMASS POWER GENERATION, THE SYSTEM IN 

ACCORDANCE WITH THE INVENTION COMPRISES A GENERATOR SET, 

OPERATED BY A GASEOUS FUEL, AND RELEASING EXHAUST HEAT IN ITS 

OPERATION, A CARBONIZER FOR RECEIVING BIOMASS, AND RECEIVING 

EXHAUST HEAT RELEASED BY THE GENERATOR SET AND UTILIZING THE  

INTO THE H I GH- TEMPERATURE GASIFICATION PART. THE WATER
CONTENT  OF THE CARBONIZED MATERIAL IS REMOVED IN THE
CARBONIZATION  TREATMENT, AND CONSEQUENTLY THE
ATMOSPHERE IN THE  HIGH-TEMPERATURE GASIFICATION PART OF
THE GASIFIER CAN BE  MAINTAINED AT A HIGH TEMPERATURE, E. G. ,
150 0 -C OR GREATER, WHICH  IS WELL IN EXCESS OF 1100-C, THE
DECOMPOSITION TEMPERATURE OF  TAR. ON THE OTHER HAND,
THE COMBUSTIBLE PYROLYSIS GAS, PRODUCED  AS A BY-PRODUCT
IN THE CARBONIZATION CHAMBER AND CHARGED INTO  THE GAS
REFORMER, CONTAINS WATER, AND THE WATER CONTENT OF THE
PYROLYSIS GAS ENHANCES GASIFICATION EFFICIENCY, RELATIVE
TO THE 7 TOTAL QUANTITY OF THE BIOMASS CHARGED INTO THE
CARBONIZATION  CHAMBER, SO THAT A GAS HIGH IN HEATING
VALUE AND WITHOUT A TAR  CONTENT, IS EFFICIENTLY GENERATED.
[00221 IN SUMMARY, THE INVENTION EFFECTIVELY PREVENTS TAR
FORMATION AT THE OUTLET OF THE GASIFIER WITHOUT IMPAIRING
THE  ADVANTAGES OF THE TWO-STAGE CHARGE PROCESS. THERE
IS NO TAR  IN THE GENERATED GAS, AND CONSEQUENTLY NO
DETERIORATION IN THE  HEATING VALUE OF THE GENERATED GAS
DUE TO TAR CONTENT. FURTHERMORE, THERE IS NO NEED TO USE
AUXILIARY EQUIPMENT TO  CLEANSE TAR ADHERING TO PIPING, OR
TO DECOMPOSE TAR BY THE USE  OF OXYGEN, WHICH ALSO
CONTRIBUTES TO, DETERIORATION IN THE  HEATING VALUE OF THE
GENERATED GAS. SINCE THE COMBUSTIBLE  PYROLYSIS GAS
PRODUCED AS A BY-PRODUCT IN THE CARBONIZATION  CHAMBER IS
UTILIZED, HIGH GASIFICATION EFFICIENCY CAN BE ACHIEVED  IN
COMPARISON WITH THAT OF A CONVENTIONAL CARBONI Z ING-GAS
IFY ING  SYSTEM. WHERE THE GASIFYING AGENT IS FED TO THE
HIGH-TEMPERATURE  GASIFICATION PART, AND THE GAS
REFORMER, BY A SINGLE GASIFYING  AGENT FEED DEVICE,
THROUGH BRANCHED PIPES, ADVANTAGES IN TERMS  OF SYSTEM
MINIATURIZATION, AND REDUCTION IN COST CAN BE REALIZED.
[00231 IN ADDITION TO STUDYING THE PERFORMANCE OF
CARBONIZATION-GASIFYING SYSTEMS, WE HAVE ALSO FOCUSED  
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EXHAUST HEAT FOR PYROLYTICALLY DECOMPOSING AND CARBONIZING 

BIOMASS AND PRODUCING CHAR AND PYROLYSIS GAS CONTAINING 

VOLATILIZED TAR.  THE POWER GENERATION SYSTEM ALSO INCLUDES 

A GASIFIER, WHICH IS PREFERABLY A TWO STAGE GASIFIER AS 

DESCRIBED ABOVE.  THE GASIFIER RECEIVES CHAR AND PYROLYSIS GAS 

FROM SAID CARBONIZER.  IN THE GASIFIER, COMBUSTION AND 

GASIFICATION OF THE CHAR TAKES PLACE, AND THE PYROLYSIS GAS 

CONTAINING TAR IS REFORMED, SO THAT THE GASIFIER THEREBY 

GENERATES A GASEOUS FUEL BY WHICH THE GENERATOR SET IS OPERATED.  

[0025] THE POWER GENERATION SYSTEM PREFERABLY COMPRISES A 

HEAT EXCHANGER ARRANGED TO TRANSFER PART OF THE HEAT OF THE 

GASEOUS FUEL GENERATED BY THE GASIFIER TO THE EXHAUST HEAT 

RELEASED BY THE GENERATOR SET, SO THAT THE HEAT USED FOR 

CARBONIZATION OF BIOMASS IN THE CARBONIZER COMPRISES NOT ONLY 

THE EXHAUST HEAT FROM THE GENERATOR SET, BUT ALSO HEAT FROM 

THE GASEOUS FUEL GENERATED BY THE GASIFIER. 

[0026] IN THE BIOMASS POWER GENERATION SYSTEM, THE 

CARBONIZER ALSO PREFERABLY COMPRISES PLURAL CARBONIZATION 

CHAMBERS, OPERABLE IN ROTATION.  THAT IS, ONE CARBONIZATION 

CHAMBER IS OPERATED FOR A FIRST TIME INTERVAL TO EFFECT 

CARBONIZATION AND PYROLYSIS GAS DELIVERY WHILE CHAR IS FED TO 

THE GASIFIER FROM A SECOND  CARBONIZATION CHAMBER.  THEREAFTER, 

THE SECOND CHAMBER IS RECHARGED WITH BIOMASS, AND THE FUNCTIONS 

OF THE CARBONIZATION CHAMBERS ARE INTERCHANGED.  THAT IS, 

CARBONIZATION AND PYROLYSIS GAS GENERATION TAKE PLACE IN THE 

SECOND CARBONIZATION CHAMBER WHILE CHAR IS FED FROM THE FIRST 

CHAMBER.  THREE OR MORE CARBONIZERS CAN BE OPERATED IN ROTATION 

IN A SIMILAR MANNER.  IN ADDITION, IN THE POWER GENERATION 

SYSTEM, ASH FROM THE VOLATILIZED TAR IS PREFERABLY MELTED IN 

THE GASIFIER AND CONVERTED INTO SLAG. 

[0027] WITH THE BIOMASS POWER GENERATION SYSTEM ACCORDING 

TO THE INVENTION HIGH-EFFICIENCY POWER GENERATION CAN BE 

IMPLEMENTED, WITHOUT THE USE OF A SUPPLEMENTARY FUEL, BY 

ATTENTION ON THE EFFICIENT GENERATION OF ELECTRIC POWER,
USING  GAS ENGINES, GAS TURBINES, AND FUEL CELLS, AND ON THE
EFFICIENT  UTILIZATION OF EXHAUST HEAT EMITTED IN THE
OPERATION OF SUCH  EQUIPMENT, WHEN OPERATED ON GASEOUS
FUEL DERIVED FROM WOOD BASED  BIOMASS, AND FROM
WASTE-BASED BIOMASS, SUCH AS MUNICIPAL SOLID  WASTE, OR
WASTE PLASTICS. [0024] FOR BIOMASS POWER GENERATION, THE
SYSTEM IN  ACCORDANCE WITH THE INVENTION COMPRISES A
GENERATOR SET,  OPERATED BY A GASEOUS FUEL, AND RELEASING
EXHAUST HEAT IN ITS  OPERATION, A CARBONIZER FOR RECEIVING
BIOMASS, AND RECEIVING  EXHAUST HEAT RELEASED BY THE
GENERATOR SET AND UTILIZING THE 8 EXHAUST HEAT FOR
PYROLYTICALLY DECOMPOSING AND CARBONIZING  BIOMASS AND
PRODUCING CHAR AND PYROLYSIS GAS CONTAINING  VOLATILIZED
TAR. THE POWER GENERATION SYSTEM ALSO INCLUDES  A
GASIFIER, WHICH IS PREFERABLY A TWO STAGE GASIFIER AS
DESCRIBED ABOVE. THE GASIFIER RECEIVES CHAR AND PYROLYSIS
GAS  FROM SAID CARBONIZER. IN THE GASIFIER, COMBUSTION AND
GASIFICATION OF THE CHAR TAKES PLACE, AND THE PYROLYSIS
GAS  CONTAINING TAR IS REFORMED, SO THAT THE GASIFIER
THEREBY  GENERATES A GASEOUS FUEL BY WHICH THE
GENERATOR SET IS OPERATED.  [00251 THE POWER GENERATION
SYSTEM PREFERABLY COMPRISES A  HEAT EXCHANGER ARRANGED
TO TRANSFER PART OF THE HEAT OF THE  GASEOUS FUEL
GENERATED BY THE GASIFIER TO THE EXHAUST HEAT  RELEASED
BY THE GENERATOR SET, SO THAT THE HEAT USED FOR
CARBONIZATION OF BIOMASS IN THE CARBONIZER COMPRISES NOT
ONLY  THE EXHAUST HEAT FROM THE GENERATOR SET, BUT ALSO
HEAT FROM  THE GASEOUS FUEL GENERATED BY THE GASIFIER.
[00261 IN THE BIOMASS POWER GENERATION SYSTEM, THE
CARBONIZER ALSO PREFERABLY COMPRISES PLURAL
CARBONIZATION  CHAMBERS, OPERABLE IN ROTATION. THAT IS, ONE
CARBONIZATION  CHAMBER IS OPERATED FOR A FIRST TIME
INTERVAL TO EFFECT  



 10

INTEGRATING THE CARBONIZING PROCESS, WHICH UTILIZES GENERATOR 

EXHAUST HEAT, WITH THE GASIFYING PROCESS.   

[0028] THE POWER GENERATION SYSTEM IN ACCORDANCE WITH THE 

INVENTION PREFERABLY ALSO TAKES ADVANTAGE OF THE TWO-STAGE 

CHARGE GASIFICATION PROCESS AS DESCRIBED ABOVE.   

[0029] THE EXHAUST HEAT EMITTED BY THE GENERATOR SET IS 

PREFERABLY KEPT AT A HIGH TEMPERATURE IN A RANGE OF ABOUT 600 

TO 700°C, AND IS DIRECTLY OR INDIRECTLY FED TO THE CARBONIZATION 

CHAMBER.  THIS HEAT IS EFFICIENTLY UTILIZED IN THE PYROLYTIC 

DECOMPOSITION AND CARBONIZATION OF BIOMASS, WITHOUT USE OF 

SUPPLEMENTARY FUEL.  ACCORDINGLY, THE OVERALL THERMAL 

EFFICIENCY OF THE SYSTEM IS HIGH, SINCE THERE IS NO NEED FOR 

SUPPLEMENTARY FUEL AS IN THE CASE OF A CONVENTIONAL SYSTEM, 

AND THE SYSTEM IS PREFERABLE IN TERMS OF ENVIRONMENTAL IMPACT. 

[0030] NOT ONLY IS SYSTEM EXHAUST HEAT UTILIZED EFFECTIVELY 

IN THE CARBONIZATION CHAMBER, BUT THE BIOMASS FUEL IS SUBJECTED 

TO PYROLYSIS AND STIRRING WHEN PASSING THROUGH THE 

CARBONIZATION CHAMBER, THEREBY BEING CONVERTED INTO A FINE 

POWDERY MATERIAL.  FURTHERMORE, IF THE EXHAUST HEAT SUPPLIED 

TO THE CARBONIZATION CHAMBER IS KEPT AT A TEMPERATURE IN THE 

RANGE OF ABOUT 600 TO 700°C, IT WILL VAPORIZE THE WATER CONTENT 

OF THE BIOMASS FUEL SUFFICIENTLY TO PRODUCE A CARBONIZED FUEL 

WHICH HAS LITTLE WATER CONTENT AND WHICH IS HIGH IN HEATING 

VALUE.  THE TEMPERATURE OF THE CHAR INSIDE THE CARBONIZATION 

CHAMBER IS PREFERABLY MAINTAINED IN THE RANGE FROM ABOUT 500 

TO 600°C, AND A HIGH-QUALITY CARBONIZED FUEL IS PRODUCED.  

HOWEVER, EVEN THOUGH THE BIOMASS FUEL IS TURNED INTO FINE 

POWDERY FORM AS DESCRIBED ABOVE, UNIFORM PULVERIZATION OF THE 

BIOMASS FUEL IS DIFFICULT TO IMPLEMENT.  THUS, THE BIOMASS FUEL, 

ALTHOUGH IN FINE POWDERY FORM, WILL EXHIBIT A GRAIN DISTRIBUTION 

TO SOME EXTENT.  YET IT IS POSSIBLE TO EFFECT SUFFICIENT 

PULVERIZATION TO AVOID PROBLEMS IN CARRYING OUT GASIFICATION. 

 THE CARBONIZATION CHAMBER OF THE SYSTEM CARRIES OUT DRYING, 

CARBONIZATION AND PYROLYSIS GAS DELIVERY WHILE CHAR IS FED
TO  THE GASIFIER FROM A SECOND CARBONIZATION CHAMBER.
THEREAFTER,  THE SECOND CHAMBER IS RECHARGED WITH
BIOMASS, AND THE FUNCTIONS  OF THE CARBONIZATION CHAMBERS
ARE INTERCHANGED. THAT IS,  CARBONIZATION AND PYROLYSIS
GAS GENERATION TAKE PLACE IN THE  SECOND CARBONIZATION
CHAMBER WHILE CHAR IS FED FROM THE FIRST  CHAMBER. THREE
OR MORE CARBONIZERS CAN BE OPERATED IN ROTATION  IN A
SIMILAR MANNER. IN ADDITION, IN THE POWER GENERATION
SYSTEM, ASH FROM THE VOLATILIZED TAR IS PREFERABLY MELTED
IN  THE GASIFIER AND CONVERTED INTO SLAG. [00271 WITH THE
BIOMASS POWER GENERATION SYSTEM ACCORDING  TO THE
INVENTION HIGH-EFFICIENCY POWER GENERATION CAN BE
IMPLEMENTED, WITHOUT THE USE OF A SUPPLEMENTARY FUEL, BY
INTEGRATING THE CARBONIZING PROCESS, WHICH UTILIZES
GENERATOR  EXHAUST HEAT, WITH THE GASIFYING PROCESS.
[00281 THE POWER GENERATION SYSTEM IN ACCORDANCE WITH
THE  INVENTION PREFERABLY ALSO TAKES ADVANTAGE OF THE
TWO-STAGE  CHARGE GASIFICATION PROCESS AS DESCRIBED
ABOVE. [00291 THE EXHAUST HEAT EMITTED BY THE GENERATOR
SET IS  PREFERABLY KEPT AT A HIGH TEMPERATURE IN A RANGE OF
ABOUT 600  TO 700-C, AND IS DIRECTLY OR INDIRECTLY FED TO THE
CARBONIZATION  CHAMBER. THIS HEAT IS EFFICIENTLY UTILIZED IN
THE PYROLYTIC  DECOMPOSITION AND CARBONIZATION OF
BIOMASS, WITHOUT USE OF  SUPPLEMENTARY FUEL. ACCORDINGLY,
THE OVERALL THERMAL EFFICIENCY OF THE SYSTEM IS HIGH, SINCE
THERE IS NO NEED FOR  SUPPLEMENTARY FUEL AS IN THE CASE OF
A CONVENTIONAL SYSTEM,  AND THE SYSTEM IS PREFERABLE IN
TERMS OF ENVIRONMENTAL IMPACT.  [00301 NOT ONLY IS SYSTEM
EXHAUST HEAT UTILIZED EFFECTIVELY  IN THE CARBONIZATION
CHAMBER, BUT THE BIOMASS FUEL IS SUBJECTED  TO PYROLYSIS
AND STIRRING WHEN PASSING THROUGH THE CARBONIZATION
CHAMBER, THEREBY BEING CONVERTED INTO A FINE  
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CRUSHING, AND CARBONIZATION, AND CONSEQUENTLY A SEPARATE 

CRUSHER IS UNNECESSARY. 

[0031] IN THE GASIFIER, COMBUSTION, AND GASIFICATION OF THE 

HIGH-QUALITY CHAR OBTAINED FROM THE CARBONIZATION CHAMBER RAISE 

THE IN-FURNACE TEMPERATURE OF THE GASIFIER TO A TEMPERATURE 

AT LEAST AS HIGH AS THE DECOMPOSITION TEMPERATURE OF TAR, AND 

THE PROBLEM OF ADHESION OF TAR TO PIPING IS AVOIDED, ELIMINATING 

THE NEED FOR CLEANING OR AUXILIARY TAR REMOVAL EQUIPMENT.  

FURTHERMORE, WHEN THE IN-FURNACE TEMPERATURE OF THE GASIFIER, 

IS MAINTAINED AT SUCH A HIGH LEVEL, THE PRODUCTION OF DIOXIN 

IS ALSO AVOIDED.  IN ADDITION, SINCE THERE IS NO NEED FOR 

DECOMPOSING THE TAR BY USE OF STEAM ACTIVATION AND OXYGEN, 

DETERIORATION IN THE HEATING VALUE OF THE GAS USED AS FUEL FOR 

THE GENERATOR SET IS AVOIDED, AND OVERALL SYSTEM EFFICIENCY 

IS ENHANCED.  

[0032] BECAUSE OF THE HIGH TEMPERATURE OF THE GASIFIER, IT 

BECOMES POSSIBLE TO MELT ASH, CONVERTING IT INTO SLAG FORM WITH 

LITTLE RISK OF ELUTION OF HEAVY METALS BEFORE BEING DISCHARGED. 

 THUS IT IS POSSIBLE TO UTILIZED WASTE-BASED BIOMASS AS FUEL, 

AND THERE IS NO NEED FOR SLAGGING ASH IN A SEPARATE DEVICE.  

IT FOLLOWS THAT, WITH THE PRESENT INVENTION, WOOD-BASED BIOMASS, 

MIXED WITH WASTE-BASED BIOMASS CAN BE UTILIZED AS FUEL, AND 

COLLECTION OF ADEQUATE QUANTITIES OF BIOMASS FUEL BECOMES LESS 

SUSCEPTIBLE TO CHANGES OF SEASON AND VARIATIONS IN WEATHER.  

SAVING OF EXPENSE, AND IN TIME AND EFFORT REQUIRED FOR COLLECTION 

OF BIOMASS FUEL CAN BE REDUCED SIGNIFICANTLY.  THERE ARE, OF 

COURSE, OTHER ECONOMIC ADVANTAGES IN THE UTILIZATION OF 

WASTE-BASED BIOMASS, SUCH AS MUNICIPAL SOLID WASTE, WASTE 

PLASTICS, AND THE LIKE IN COMPARISON WITH THE UTILIZATION OF 

WOOD-BASED BIOMASS ALONE, WHICH GENERALLY HAS A HIGHER 

COLLECTION COST.  IN ADDITION TO THE FACT THAT POWER OUTPUT CAN 

BE STABILIZED AS A RESULT OF THE USE OF WASTE-BASED BIOMASS IN 

ADDITION TO WOOD-BASED BIOMASS, THE INVENTION ALSO MAKES IT 

POWDERY MATERIAL. FURTHERMORE, IF THE EXHAUST HEAT
SUPPLIED  TO THE CARBONIZATION CHAMBER IS KEPT AT A
TEMPERATURE IN THE  RANGE OF ABOUT 600 TO 700-C, IT WILL
VAPORIZE THE WATER CONTENT  OF THE BIOMASS FUEL
SUFFICIENTLY TO PRODUCE A CARBONIZED FUEL  WHICH HAS
LITTLE WATER CONTENT AND WHICH IS HIGH IN HEATING  VALUE.
THE TEMPERATURE OF THE CHAR INSIDE THE CARBONIZATION
CHAMBER IS PREFERABLY MAINTAINED IN THE RANGE FROM ABOUT
500  TO 600-C, AND A HIGH-QUALITY CARBONIZED FUEL IS
PRODUCED.  HOWEVER, EVEN THOUGH THE BIOMASS FUEL IS
TURNED INTO FINE  POWDERY FORM AS DESCRIBED ABOVE,
UNIFORM PULVERIZATION OF THE  BIOMASS FUEL IS DIFFICULT TO
IMPLEMENT. THUS, THE BIOMASS FUEL,  ALTHOUGH IN FINE
POWDERY FORM, WILL EXHIBIT A GRAIN DISTRIBUTION  TO SOME
EXTENT. YET IT IS POSSIBLE TO EFFECT SUFFICIENT
PULVERIZATION TO AVOID PROBLEMS IN CARRYING OUT
GASIFICATION.  THE CARBONIZATION CHAMBER OF THE SYSTEM
CARRIES OUT DRYING, 10 CRUSHING, AND CARBONIZATION, AND
CONSEQUENTLY A SEPARATE  CRUSHER IS UNNECESSARY. [00311
IN THE GASIFIER, COMBUSTION, AND GASIFICATION OF THE
HIGH-QUALITY CHAR OBTAINED FROM THE CARBONIZATION
CHAMBER RAISE  THE IN-FURNACE TEMPERATURE OF THE GASIFIER
TO A TEMPERATURE  AT LEAST AS HIGH AS THE DECOMPOSITION
TEMPERATURE OF TAR, AND  THE PROBLEM OF ADHESION OF TAR
TO PIPING IS AVOIDED, ELIMINATING  THE NEED FOR CLEANING OR
AUXILIARY TAR REMOVAL EQUIPMENT.  FURTHERMORE, WHEN THE
IN-FURNACE TEMPERATURE OF THE GASIFIER,  IS MAINTAINED AT
SUCH A HIGH LEVEL, THE PRODUCTION OF DIOXIN  IS ALSO
AVOIDED. IN ADDITION, SINCE THERE IS NO NEED FOR
DECOMPOSING THE TAR BY USE OF STEAM ACTIVATION AND
OXYGEN,  DETERIORATION IN THE HEATING VALUE OF THE GAS
USED AS FUEL FOR  THE GENERATOR SET IS AVOIDED, AND
OVERALL SYSTEM EFFICIENCY  IS ENHANCED. [00321 BECAUSE OF
THE HIGH TEMPERATURE OF THE GASIFIER, IT  
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EASIER TO EXPAND THE SCALE OF A POWER GENERATION PLANT, AND 

THEREBY REALIZE GREATER EFFICIENCY IN POWER GENERATION.  

MOREOVER, THERE ARE SIGNIFICANT ECOLOGICAL ADVANTAGES IN THE 

MELTING OF ASH INTO SLAG.   

[0033] WITH THE BIOMASS POWER GENERATION SYSTEM ACCORDING 

TO THE INVENTION, IMPROVED EFFICIENCY AND SAVING OF SPACE CAN 

BOTH BE REALIZED BY THE USE OF EQUIPMENT THAT HAS NOT EXISTED 

PREVIOUSLY: A GASIFIER CAPABLE OF CONCURRENTLY GASIFYING CHAR, 

DECOMPOSING TAR, AND MELTING ASH INTO SLAG.  THE INVENTION ALSO 

HAS THE ADVANTAGE OF HANDLING WOOD-BASED BIOMASS, AND 

WASTE-BASED BIOMASS REGARDLESS OF THEIR GRINDABILITY, MAKING 

IT UNNECESSARY TO PULVERIZE FUEL IN A SEPARATE CRUSHER.  AS A 

RESULT, THE OVERALL SIZE OF THE POWER GENERATION SYSTEM, AND 

ITS TOTAL COST, CAN BE KEPT SMALL.  

[0034] WITH THE BIOMASS POWER GENERATION SYSTEM IN 

ACCORDANCE WITH THE INVENTION, THERE IS NO LONGER THE NEED FOR 

CONCERN ABOUT THE ELUTION OF DELETERIOUS CONSTITUENTS OF ASH, 

AND COUNTERMEASURES AGAINST THE RISK OF THE ELUTION ARE NO 

LONGER NEEDED. IN THE CASE OF WASTE CONTAINING, FOR EXAMPLE, 

5% OR MORE ASH, IT IS NECESSARY TO CONVERT THE ASH INTO SLAG 

TO AVOID DETRIMENTAL ENVIRONMENTAL IMPACT.  CONVERSION OF ASH 

INTO SLAG IS EASILY CARRIED OUT IN THE BIOMASS POWER GENERATION 

SYSTEM ACCORDING TO THE INVENTION.  IT IS UNNECESSARY TO UTILIZE 

CEDAR CHIPS OR THE LIKE, CONTAINING, FOR EXAMPLE, ABOUT 1% ASH, 

IN ORDER TO CREATING A HIGH-TEMPERATURE CONDITION.  WITH THE 

INVENTION, RELATIVELY SMALL AMOUNTS OF ASH CAN BE DISCHARGED 

FROM THE OUTLET OF THE GASIFIER IN THE FORM OF FLY ASH TOGETHER 

WITH THE GENERATED GAS, AND THE ASH CAN BE ARRESTED IN A GAS 

PURIFIER INSTALLED DOWNSTREAM OF THE GASIFIER STAGE.  WITH THE 

BIOMASS POWER GENERATION SYSTEM ACCORDING TO THE INVENTION, 

A CHOICE CAN BE MADE BETWEEN OPERATION IN WHICH ASH IS MELTED, 

AND OPERATION WITH NO MELTING OF ASH, DEPENDING ON THE ASH 

BECOMES POSSIBLE TO MELT ASH, CONVERTING IT INTO SLAG
FORM WITH  LITTLE RISK OF ELUTION OF HEAVY METALS BEFORE
BEING DISCHARGED.  THUS IT IS POSSIBLE TO UTILIZED
WASTE-BASED BIOMASS AS FUEL, AND THERE IS NO NEED FOR
SLAGGING ASH IN A SEPARATE DEVICE.  IT FOLLOWS THAT, WITH
THE PRESENT INVENTION, WOOD-BASED BIOMASS,  MIXED WITH
WASTE-BASED BIOMASS CAN BE UTILIZED AS FUEL, AND
COLLECTION OF ADEQUATE QUANTITIES OF BIOMASS FUEL
BECOMES LESS  SUSCEPTIBLE TO CHANGES OF SEASON AND
VARIATIONS IN WEATHER.  SAVING OF EXPENSE, AND IN TIME AND
EFFORT REQUIRED FOR COLLECTION  OF BIOMASS FUEL CAN BE
REDUCED SIGNIFICANTLY. THERE ARE, OF  COURSE, OTHER
ECONOMIC ADVANTAGES IN THE UTILIZATION OF  WASTE-BASED
BIOMASS, SUCH AS MUNICIPAL SOLID WASTE, WASTE  PLASTICS,
AND THE LIKE IN COMPARISON WITH THE UTILIZATION OF
WOOD-BASED BIOMASS ALONE, WHICH GENERALLY HAS A HIGHER
COLLECTION COST. IN ADDITION TO THE FACT THAT POWER OUTPUT
CAN  BE STABILIZED AS A RESULT OF THE USE OF WASTE-BASED
BIOMASS IN  ADDITION TO WOOD-BASED BIOMASS, THE INVENTION
ALSO MAKES IT 11 EASIER TO EXPAND THE SCALE OF A POWER
GENERATION PLANT, AND  THEREBY REALIZE GREATER EFFICIENCY
IN POWER GENERATION.  MOREOVER, THERE ARE SIGNIFICANT
ECOLOGICAL ADVANTAGES IN THE  MELTING OF ASH INTO SLAG.
[00331 WITH THE BIOMASS POWER GENERATION SYSTEM
ACCORDING  TO THE INVENTION, IMPROVED EFFICIENCY AND
SAVING OF SPACE CAN  BOTH BE REALIZED BY THE USE OF
EQUIPMENT THAT HAS NOT EXISTED  PREVIOUSLY: A GASIFIER
CAPABLE OF CONCURRENTLY GASIFYING CHAR,  DECOMPOSING
TAR, AND MELTING ASH INTO SLAG. THE INVENTION ALSO  HAS THE
ADVANTAGE OF HANDLING WOOD-BASED BIOMASS, AND
WASTE-BASED BIOMASS REGARDLESS OF THEIR GRINDABILITY,
MAKING  IT UNNECESSARY TO PULVERIZE FUEL IN A SEPARATE
CRUSHER. AS A  RESULT, THE OVERALL SIZE OF THE POWER
GENERATION SYSTEM, AND  ITS TOTAL COST, CAN BE KEPT SMALL. 
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CONTENT OF THE BIOMASS FUEL, EVEN THOUGH THE SAME FURNACE IS 

IN USE IN BOTH CASES.  

[0035] WITH THE BIOMASS POWER GENERATION SYSTEM, HEAT FROM 

THE GENERATED GAS FROM THE GASIFIER CAN ALSO BE RECOVERED ALONG 

WITH THE EXHAUST HEAT FROM THE GENERATOR SET FOR USE IN OPERATION 

OF THE CARBONIZATION CHAMBER.  CONSEQUENTLY, THE CARBONIZATION 

CHAMBER CAN BE OPERATED AT A HIGH TEMPERATURE, AND WITH HIGH 

THERMAL EFFICIENCY.   

[0036]  IMPROVED OPERATION CAN BE ACHIEVED BY UTILIZING 

PLURAL CARBONIZATION CHAMBERS, AND OPERATING THEM IN ROTATION 

TO FEED CHAR AND THE PYROLYSIS GAS CONTINUOUSLY TO THE GASIFIER. 

   

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 IS A SCHEMATIC VIEW SHOWING A CONFIGURATION 

OF A BIOMASS CARBONIZING-GASIFYING SYSTEM ACCORDING TO THE 

INVENTION;  

[0038] FIG. 2 IS A GRAPH COMPARING CALCULATED VALUES AND 

VALUES FROM THE RESULTS OF GASIFICATION TESTS ON OIL EMULSION 

(OXYGEN RATIO AT 0.40); 

[0039] FIG. 3 IS A GRAPH SHOWING PREDICTIONS OF THE GASIFYING 

PERFORMANCE OF AN OXYGEN-BLOWN TYPE, ONE-STAGE, ENTRAINED FLOW 

GASIFIER (INPUT TEMPERATURE OF A GASIFYING AGENT: 50°C), 

INDICATING VARIATION IN CARBON CONVERSION EFFICIENCY AND THE 

TEMPERATURE AT THE OUTLET OF THE GASIFIER WHILE THE OXYGEN RATIO 

IS VARIED; 

[0040] FIG. 4 IS A GRAPH SHOWING PREDICTIONS OF THE GASIFYING 

PERFORMANCE OF THE OXYGEN-BLOWN TYPE, ONE-STAGE, ENTRAINED FLOW 

GASIFIER (INPUT TEMPERATURE OF A GASIFYING AGENT: 50°C), 

INDICATING VARIATION IN GENERATED GAS RATIO AND COLD GAS 

EFFICIENCY WHILE THE OXYGEN RATIO IS VARIED;   

[0041] FIG. 5 IS A GRAPH SHOWING PREDICTIONS OF THE GASIFYING 

PERFORMANCE OF AN AIR-BLOWN TYPE, ONE-STAGE, ENTRAINED FLOW 

GASIFIER (AIR INPUT TEMPERATURE: 250°C), INDICATING VARIATION 

[0034] WITH THE BIOMASS POWER GENERATION SYSTEM IN
ACCORDANCE WITH THE INVENTION, THERE IS NO LONGER THE
NEED FOR  CONCERN ABOUT THE ELUTION OF DELETERIOUS
CONSTITUENTS OF ASH,  AND COUNTERMEASURES AGAINST THE
RISK OF THE ELUTION ARE NO  LONGER NEEDED. IN THE CASE OF
WASTE CONTAINING, FOR EXAMPLE,  5% OR MORE ASH, IT IS
NECESSARY TO CONVERT THE ASH INTO SLAG  TO AVOID
DETRIMENTAL ENVIRONMENTAL IMPACT. CONVERSION OF ASH  INTO
SLAG IS EASILY CARRIED OUT IN THE BIOMASS POWER GENERATION
SYSTEM ACCORDING TO THE INVENTION. IT IS UNNECESSARY TO
UTILIZE  CEDAR CHIPS OR THE LIKE, CONTAINING, FOR EXAMPLE,
ABOUT 1% ASH,  IN ORDER TO CREATING A HIGH-TEMPERATURE
CONDITION. WITH THE  INVENTION, RELATIVELY SMALL AMOUNTS OF
ASH CAN BE DISCHARGED  FROM THE OUTLET OF THE GASIFIER IN
THE FORM OF FLY ASH TOGETHER  WITH THE GENERATED GAS, AND
THE ASH CAN BE ARRESTED IN A GAS  PURIFIER INSTALLED
DOWNSTREAM OF THE GASIFIER STAGE. WITH THE  BIOMASS
POWER GENERATION SYSTEM ACCORDING TO THE INVENTION,  A
CHOICE CAN BE MADE BETWEEN OPERATION IN WHICH ASH IS
MELTED,  AND OPERATION WITH NO MELTING OF ASH, DEPENDING
ON THE ASH 12 CONTENT OF THE BIOMASS FUEL, EVEN THOUGH
THE SAME FURNACE IS  IN USE IN BOTH CASES. [00351 WITH THE
BIOMASS POWER GENERATION SYSTEM, HEAT FROM  THE
GENERATED GAS FROM THE GASIFIER CAN ALSO BE RECOVERED
ALONG  WITH THE EXHAUST HEAT FROM THE GENERATOR SET FOR
USE IN OPERATION  OF THE CARBONIZATION CHAMBER.
CONSEQUENTLY, THE CARBONIZATION  CHAMBER CAN BE
OPERATED AT A HIGH TEMPERATURE, AND WITH HIGH  THERMAL
EFFICIENCY. [00361 IMPROVED OPERATION CAN BE ACHIEVED BY
UTILIZING  PLURAL CARBONIZATION CHAMBERS, AND OPERATING
THEM IN ROTATION  TO FEED CHAR AND THE PYROLYSIS GAS
CONTINUOUSLY TO THE GASIFIER. BRIEF DESCRIPTION OF THE
DRAWINGS [00371 FIG. 1 IS A SCHEMATIC VIEW SHOWING A
CONFIGURATION  
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IN CARBON CONVERSION EFFICIENCY, AND TEMPERATURE AT THE OUTLET 

OF THE GASIFIER WHILE THE OXYGEN RATIO IS VARIED;   

[0042] FIG. 6 IS A GRAPH SHOWING PREDICTIONS OF THE GASIFYING 

PERFORMANCE OF AN OXYGEN-BLOWN, ONE-STAGE CHARGE PROCESS, 

INDICATING THE VARIATION IN CARBON CONVERSION EFFICIENCY AND 

TEMPERATURE AT THE OUTLET OF THE GASIFIER, WHILE THE OXYGEN 

RATIO IS VARIED;   

[0043] FIG. 7 IS A GRAPH SHOWING PREDICTIONS OF THE GASIFYING 

PERFORMANCE OF THE OXYGEN-BLOWN ONE-STAGE CHARGE PROCESS, 

INDICATING VARIATION IN GENERATED GAS RATIO AND COLD GAS 

EFFICIENCY WHILE THE OXYGEN RATIO IS VARIED;   

[0044] FIG. 8 IS A GRAPH SHOWING PREDICTION OF THE GASIFYING 

PERFORMANCE OF AN AIR-BLOWN, ONE-STAGE CHARGE PROCESS, 

INDICATING VARIATION IN CARBON CONVERSION EFFICIENCY AND 

TEMPERATURE AT THE OUTLET OF THE GASIFIER WHILE THE OXYGEN RATIO 

IS VARIED;   

[0045] FIG. 9 IS A GRAPH SHOWING PREDICTIONS OF THE GASIFYING 

PERFORMANCE OF THE AIR-BLOWN, ONE-STAGE CHARGE PROCESS, 

INDICATING VARIATION IN GENERATED GAS RATIO AND COLD GAS 

EFFICIENCY WHILE THE OXYGEN RATIO IS VARIED;   

[0046] FIG. 10 IS A GRAPH SHOWING PREDICTIONS OF THE 

GASIFYING PERFORMANCE OF AN AIR-BLOWN, TWO-STAGE CHARGE 

PROCESS, INDICATING VARIATION IN CARBON CONVERSION EFFICIENCY, 

COMBUSTOR OUTLET TEMPERATURE, AND TEMPERATURE AT THE OUTLET 

OF THE GASIFIER, WHILE THE OXYGEN RATIO IS VARIED;   

[0047] FIG. 11 IS A GRAPH SHOWING PREDICTION ON THE GASIFYING 

PERFORMANCE OF THE AIR-BLOWN TWO-STAGE CHARGE PROCESS, 

INDICATING VARIATION IN GENERATED GAS RATIO AND COLD GAS 

EFFICIENCY WHILE THE OXYGEN RATIO IS VARIED;  

[0048] FIG. 12 IS A GRAPH SHOWING PREDICTIONS OF THE 

GASIFYING PERFORMANCE OF A PROCESS OF AIR CHARGE TO A GAS 

REFORMER (COMBUSTOR OXYGEN RATIO: 0.64), INDICATING VARIATIONS 

IN CARBON CONVERSION EFFICIENCY, COMBUSTOR OUTLET TEMPERATURE, 

OF A BIOMASS CARBONIZING-GASIFYING SYSTEM ACCORDING TO
THE  INVENTION; [00381 FIG. 2 IS A GRAPH COMPARING CALCULATED
VALUES AND  VALUES FROM THE RESULTS OF GASIFICATION TESTS
ON OIL EMULSION  (OXYGEN RATIO AT 0.40); [00391 FIG. 3 IS A GRAPH
SHOWING PREDICTIONS OF THE GASIFYING  PERFORMANCE OF AN
OXYGEN-BLOWN TYPE, ONE-STAGE, ENTRAINED FLOW  GASIFIER
(INPUT TEMPERATURE OF A GASIFYING AGENT: 50'C),  INDICATING
VARIATION IN CARBON CONVERSION EFFICIENCY AND THE
TEMPERATURE AT THE OUTLET OF THE GASIFIER WHILE THE
OXYGEN RATIO  IS VARIED; [0040] FIG. 4 IS A GRAPH SHOWING
PREDICTIONS OF THE GASIFYING  PERFORMANCE OF THE
OXYGEN-BLOWN TYPE, ONE-STAGE, ENTRAINED FLOW  GASIFIER
(INPUT TEMPERATURE OF A GASIFYING AGENT: 50'C),  INDICATING
VARIATION IN GENERATED GAS RATIO AND COLD GAS  EFFICIENCY
WHILE THE OXYGEN RATIO IS VARIED; [0041] FIG. 5 IS A GRAPH
SHOWING PREDICTIONS OF THE GASIFYING  PERFORMANCE OF AN
AIR-BLOWN TYPE, ONE-STAGE, ENTRAINED FLOW  GASIFIER (AIR
INPUT TEMPERATURE: 250'C) , INDICATING VARIATION 13 IN CARBON
CONVERSION EFFICIENCY, AND TEMPERATURE AT THE OUTLET  OF
THE GASIFIER WHILE THE OXYGEN RATIO IS VARIED; [0042] FIG. 6 IS
A GRAPH SHOWING PREDICTIONS OF THE GASIFYING
PERFORMANCE OF AN OXYGEN-BLOWN, ONE-STAGE CHARGE
PROCESS,  INDICATING THE VARIATION IN CARBON CONVERSION
EFFICIENCY AND  TEMPERATURE AT THE OUTLET OF THE GASIFIER,
WHILE THE OXYGEN  RATIO IS VARIED; [0043] FIG. 7 IS A GRAPH
SHOWING PREDICTIONS OF THE GASIFYING  PERFORMANCE OF THE
OXYGEN-BLOWN ONE-STAGE CHARGE PROCESS,  INDICATING
VARIATION IN GENERATED GAS RATIO AND COLD GAS  EFFICIENCY
WHILE THE OXYGEN RATIO IS VARIED; [0044] FIG. 8 IS A GRAPH
SHOWING PREDICTION OF THE GASIFYING  
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AND TEMPERATURE AT THE OUTLET OF THE GASIFIER, WHILE THE OXYGEN 

RATIO IS VARIED;   

[0049] FIG. 13 IS A GRAPH SHOWING THE EFFECT OF COMBUSTOR 

OXYGEN RATIO (OVERALL OXYGEN RATIO: 0.20) ON GASIFYING 

PERFORMANCE, INDICATING VARIATIONS IN CARBON CONVERSION 

EFFICIENCY, COMBUSTOR OUTLET TEMPERATURE, AND TEMPERATURE AT 

THE OUTLET OF THE GASIFIER, WHILE THE OXYGEN RATIO IS VARIED; 

[0050] FIG. 14 IS A GRAPH SHOWING THE EFFECT OF COMBUSTOR 

OXYGEN RATIO (OVERALL OXYGEN RATIO: 0.20) ON GASIFYING 

PERFORMANCE, INDICATING VARIATION IN GENERATED GAS RATIO AND 

COLD GAS EFFICIENCY WHILE THE OXYGEN RATIO IS VARIED;   

[0051] FIG. 15 IS A GRAPH SHOWING PREDICTIONS OF THE 

GASIFYING PERFORMANCE OF A TWO-STAGE CHARGE PROCESS FOR WASTE, 

INDICATING VARIATIONS IN CARBON CONVERSION EFFICIENCY, 

COMBUSTOR OUTLET TEMPERATURE, AND TEMPERATURE AT THE OUTLET 

OF THE GASIFIER, WHILE THE OXYGEN RATIO IS VARIED;   

[0052] FIG. 16 IS A GRAPH SHOWING PREDICTION OF THE GASIFYING 

PERFORMANCE OF THE TWO-STAGE CHARGE PROCESS FOR WASTE, 

INDICATING VARIATIONS IN GENERATED GAS RATIO AND COLD GAS 

EFFICIENCY WHILE THE OXYGEN RATIO IS VARIED; 

[0053] FIG. 17 IS A SIMPLIFIED SCHEMATIC DIAGRAM SHOWING 

THE CONFIGURATION OF A BIOMASS POWER GENERATION SYSTEM 

ACCORDING TO AN EMBODIMENT OF THE INVENTION; AND   

[0054] FIG. 18 IS A PERSPECTIVE VIEW OF A POWER GENERATION 

SYSTEM IN ACCORDANCE WITH THE INVENTION, IN WHICH PLURAL, 

SEQUENTIALLY OPERABLE, CARBONIZATION CHAMBERS ARE DISPOSED 

AROUND A SINGLE GASIFIER.     

   

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT  

[0055] THE EMBODIMENT OF THE INVENTION SHOWN IN FIG. 1 IS 

A BIOMASS CARBONIZING-GASIFYING SYSTEM FOR PYROLYTICALLY 

DECOMPOSING A BIOMASS FUEL 1, SUCH AS WOOD-BASED BIOMASS, 

WASTE-BASED BIOMASS INCLUDING MUNICIPAL SOLID WASTE, AND 

PERFORMANCE OF AN AIR-BLOWN, ONE-STAGE CHARGE PROCESS,
INDICATING VARIATION IN CARBON CONVERSION EFFICIENCY AND
TEMPERATURE AT THE OUTLET OF THE GASIFIER WHILE THE
OXYGEN RATIO  IS VARIED; [0045] FIG. 9 IS A GRAPH SHOWING
PREDICTIONS OF THE GASIFYING  PERFORMANCE OF THE
AIR-BLOWN, ONE-STAGE CHARGE PROCESS,  INDICATING VARIATION
IN GENERATED GAS RATIO AND COLD GAS  EFFICIENCY WHILE THE
OXYGEN RATIO IS VARIED; [0046] FIG. 10 IS A GRAPH SHOWING
PREDICTIONS OF THE  GASIFYING PERFORMANCE OF AN
AIR-BLOWN, TWO-STAGE CHARGE  PROCESS, INDICATING VARIATION
IN CARBON CONVERSION EFFICIENCY,  COMBUSTOR OUTLET
TEMPERATURE, AND TEMPERATURE AT THE OUTLET  OF THE
GASIFIER, WHILE THE OXYGEN RATIO IS VARIED; [0047] FIG. 11 IS A
GRAPH SHOWING PREDICTION ON THE GASIFYING  PERFORMANCE
OF THE AIR-BLOWN TWO-STAGE CHARGE PROCESS,  INDICATING
VARIATION IN GENERATED GAS RATIO AND COLD GAS  EFFICIENCY
WHILE THE OXYGEN RATIO IS VARIED; [0048] FIG. 12 IS A GRAPH
SHOWING PREDICTIONS OF THE  GASIFYING PERFORMANCE OF A
PROCESS OF AIR CHARGE TO A GAS  REFORMER (COMBUSTOR
OXYGEN RATIO: 0.64), INDICATING VARIATIONS  IN CARBON
CONVERSION EFFICIENCY, COMBUSTOR OUTLET TEMPERATURE, 14
AND TEMPERATURE AT THE OUTLET OF THE GASIFIER, WHILE THE
OXYGEN  RATIO IS VARIED; [0049] FIG. 13 IS A GRAPH SHOWING THE
EFFECT OF COMBUSTOR  OXYGEN RATIO (OVERALL OXYGEN RATIO:
0.20) ON GASIFYING  PERFORMANCE, INDICATING VARIATIONS IN
CARBON CONVERSION  EFFICIENCY, COMBUSTOR OUTLET
TEMPERATURE, AND TEMPERATURE AT  THE OUTLET OF THE
GASIFIER, WHILE THE OXYGEN RATIO IS VARIED;  [0050] FIG. 14 IS A
GRAPH SHOWING THE EFFECT OF COMBUSTOR  OXYGEN RATIO
(OVERALL OXYGEN RATIO: 0.20) ON GASIFYING  PERFORMANCE,
INDICATING VARIATION IN GENERATED GAS RATIO AND  
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MIXTURES OF SUCH BIOMASSES.  THE BIOMASS CARBONIZING-GASIFYING 

SYSTEM COMPRISES A CARBONIZATION CHAMBER 2 FOR RECEIVING AND 

HEATING BIOMASS FUEL 1 TO PRODUCE A CARBONIZED MATERIAL 4, A 

TWO-STAGE GASIFIER 7 COMPOSED OF A HIGH-TEMPERATURE 

GASIFICATION PART 8 FOR GASIFYING THE CARBONIZED MATERIAL 4, 

AND A GAS REFORMER 9 FOR REFORMING COMBUSTIBLE PYROLYSIS GAS 

3, A CARBONIZED MATERIAL FEEDER 13 FOR FEEDING THE CARBONIZED 

MATERIAL 4 TO THE HIGH-TEMPERATURE GASIFICATION PART 8 OF THE 

GASIFIER 7, A PYROLYSIS GAS FLOW PATH 12 FOR SENDING THE 

COMBUSTIBLE PYROLYSIS GAS 3 INTO THE GAS REFORMER 9 OF THE 

GASIFIER 7, AND GASIFYING AGENT FEED MEANS 14 FOR FEEDING A 

GASIFYING AGENT 5 TO THE HIGH-TEMPERATURE GASIFICATION PART 

8 OF THE GASIFIER, AND FEEDING A GASIFYING AGENT 6, CONTAINING 

OXYGEN, TO THE GAS REFORMER 9.   

[0056] THE PYROLYSIS GAS 3 CONTAINS TAR VOLATILIZED IN THE 

PROCESS OF PRODUCING THE CARBONIZED MATERIAL 4.  THIS VOLATILIZED 

TAR WILL FORM TAR DEPOSITS ON PIPING UNLESS THE TEMPERATURE AT 

THE OUTLET 10 OF THE GASIFIER IS KEPT ABOVE A PREDETERMINED 

TEMPERATURE.  IN NORMAL OPERATION, THE GASIFYING AGENT 5 IS 

CONTINUOUSLY FED TO THE HIGH TEMPERATURE GASIFICATION PART 8. 

 HOWEVER, THE GASIFYING AGENT 6 IS FED TO THE GAS REFORMER 9 ONLY 

WHEN THE TEMPERATURE AT THE OUTLET 10 OF THE GASIFIER 7 DROPS 

TO A PREDETERMINED TEMPERATURE, OR WHEN THERE IS A RISK THAT THE 

TEMPERATURE WILL DROP TO THAT PREDETERMINED TEMPERATURE.  

[0057] THE BIOMASS FUEL 1 HAS A HIGH WATER CONTENT AND POOR 

GRINDABILITY, WHICH MAKE THE RAW BIOMASS FUEL UNSUITABLE FOR 

TREATMENT BY AN ENTRAINED FLOW GASIFIER.  ACCORDINGLY, IN THE 

EMBODIMENT SHOWN IN FIG. 1, THERE IS ADOPTED A 

CARBONIZING-GASIFYING PROCESS IN WHICH THE BIOMASS FUEL 1 IS 

SEPARATED INTO A VOLATILE, COMBUSTIBLE, PYROLYSIS GAS 3 AND 

CARBONIZED MATERIAL 4, INSIDE THE CARBONIZATION CHAMBER 2 BEFORE 

BEING CHARGED INTO THE GASIFIER 7.  THE GAS 3 CONTAINS THE WATER  

COLD GAS EFFICIENCY WHILE THE OXYGEN RATIO IS VARIED; [0051]
FIG. 15 IS A GRAPH SHOWING PREDICTIONS OF THE  GASIFYING
PERFORMANCE OF A TWO-STAGE CHARGE PROCESS FOR WASTE,
INDICATING VARIATIONS IN CARBON CONVERSION EFFICIENCY,
COMBUSTOR OUTLET TEMPERATURE, AND TEMPERATURE AT THE
OUTLET  OF THE GASIFIER, WHILE THE OXYGEN RATIO IS VARIED;
[0052] FIG. 16 IS A GRAPH SHOWING PREDICTION OF THE GASIFYING
PERFORMANCE OF THE TWO-STAGE CHARGE PROCESS FOR WASTE,
INDICATING VARIATIONS IN GENERATED GAS RATIO AND COLD GAS
EFFICIENCY WHILE THE OXYGEN RATIO IS VARIED; [0053] FIG. 17 IS A
SIMPLIFIED SCHEMATIC DIAGRAM SHOWING  THE CONFIGURATION
OF A BIOMASS POWER GENERATION SYSTEM  ACCORDING TO AN
EMBODIMENT OF THE INVENTION; AND [0054] FIG. 18 IS A
PERSPECTIVE VIEW OF A POWER GENERATION  SYSTEM IN
ACCORDANCE WITH THE INVENTION, IN WHICH PLURAL,
SEQUENTIALLY OPERABLE, CARBONIZATION CHAMBERS ARE
DISPOSED  AROUND A SINGLE GASIFIER. DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENT [0055] THE EMBODIMENT OF THE
INVENTION SHOWN IN FIG. 1 IS  A BIOMASS CARBONIZING-GASIFYING
SYSTEM FOR PYROLYTICALLY  DECOMPOSING A BIOMASS FUEL 1,
SUCH AS WOOD-BASED BIOMASS,  WASTE-BASED BIOMASS
INCLUDING MUNICIPAL SOLID WASTE, AND 15 MIXTURES OF SUCH
BIOMASSES. THE BIOMASS CARBONIZING-GASIFYING  SYSTEM
COMPRISES A CARBONIZATION CHAMBER 2 FOR RECEIVING AND
HEATING BIOMASS FUEL 1 TO PRODUCE A CARBONIZED MATERIAL 4,
A  TWO-STAGE GASIFIER 7 COMPOSED OF A HIGH-TEMPERATURE
GASIFICATION PART 8 FOR GASIFYING THE CARBONIZED MATERIAL
4,  AND A GAS REFORMER 9 FOR REFORMING COMBUSTIBLE
PYROLYSIS GAS  3, A CARBONIZED MATERIAL FEEDER 13 FOR
FEEDING THE CARBONIZED  MATERIAL 4 TO THE
HIGH-TEMPERATURE GASIFICATION PART 8 OF THE  GASIFIER 7, A
PYROLYSIS GAS FLOW PATH 12 FOR SENDING THE  
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CONTENT OF THE BIOMASS FUEL 1 AND VOLATILE MATTER, AND THE 

CARBONIZED MATERIAL 4 IS COMPOSED MAINLY OF FIXED CARBON AND ASH. 

  

[0058] THE CARBONIZATION CHAMBER 2 COMPRISES AN INNER PART 

FOR PYROLYTICALLY DECOMPOSING THE BIOMASS FUEL 1, SURROUNDED 

BY A JACKET 2A, INTO WHICH A GAS 11 IS INTRODUCED AT A TEMPERATURE 

PREFERABLY AROUND 600°C FOR INDIRECTLY HEATING THE BIOMASS FUEL 

1 AND EFFECTING CARBONIZATION THROUGH EVAPORATION OF ITS WATER 

CONTENT, AND PYROLYSIS OF ORGANIC SUBSTANCES UNDER ANAEROBIC 

CONDITIONS, THE CONTENT OF THE CHAMBER 2 BEING CUT OFF FROM 

OUTSIDE AIR.  AS WILL BE DESCRIBED LATER, THE CARBONIZATION 

TREATMENT OF THE BIOMASS FUEL CAN BE CARRIED OUT BY UTILIZING 

EXHAUST HEAT FROM A GAS ENGINE, GAS TURBINE, FUEL CELL, OR OTHER 

POWER GENERATING DEVICE UTILIZING GAS GENERATED BY THE GASIFIER 

AS A FUEL.  THUS, THE GAS 11 CAN BE EXHAUST GAS FROM THE POWER 

GENERATING DEVICE.   

[0059] THE WATER CONTENT OF THE BIOMASS, AND THE COMBUSTIBLE 

PYROLYSIS GAS 3, ARE CONTINUOUSLY DISCHARGED FROM THE UPPER 

PART OF THE CARBONIZATION CHAMBER, AND THE CARBONIZED MATERIAL 

4 IS DISCHARGED  FROM THE BOTTOM THEREOF.  THE WATER CONTENT, 

AND THE COMBUSTIBLE PYROLYSIS GAS 3, ARE SENT INTO THE GAS 

REFORMER 9 VIA THE PYROLYSIS GAS FLOW PATH 12.  THE CARBONIZED 

MATERIAL 4 IS SENT INTO THE HIGH-TEMPERATURE GASIFICATION PART 

8 OF THE GASIFIER 7 VIA THE CARBONIZED MATERIAL FEEDER 13.  

THE CARBONIZED MATERIAL FEEDER 13 CAN BE ANY SUITABLE FEED 

MEANS, FOR EXAMPLE, A SCREW FEEDER.   

[0060] THE GASIFIER 7 CAUSES THE CARBONIZED MATERIAL 4 FED 

FROM THE CARBONIZATION CHAMBER 2, AND THE COMBUSTIBLE PYROLYSIS 

GAS 3 CONTAINING WATER CONTENT AND VOLATILE MATTER TO UNDERGO 

A GASIFYING REACTION, THEREBY PRODUCING CO (CARBON MONOXIDE), 

AND H2 (HYDROGEN). 

[0061] THE GASIFYING AGENT FEED MEANS 14 ARE CAPABLE OF BEING 

SELECTABLY SWITCHED BETWEEN A CONDITION IN WHICH THE GASIFYING 

COMBUSTIBLE PYROLYSIS GAS 3 INTO THE GAS REFORMER 9 OF
THE  GASIFIER 7, AND GASIFYING AGENT FEED MEANS 14 FOR
FEEDING A  GASIFYING AGENT 5 TO THE HIGH-TEMPERATURE
GASIFICATION PART  8 OF THE GASIFIER, AND FEEDING A GASIFYING
AGENT 6, CONTAINING  OXYGEN, TO THE GAS REFORMER 9. [0056]
THE PYROLYSIS GAS 3 CONTAINS TAR VOLATILIZED IN THE
PROCESS OF PRODUCING THE CARBONIZED MATERIAL 4. THIS
VOLATILIZED  TAR WILL FORM TAR DEPOSITS ON PIPING UNLESS
THE TEMPERATURE AT  THE OUTLET 10 OF THE GASIFIER IS KEPT
ABOVE A PREDETERMINED  TEMPERATURE. IN NORMAL OPERATION,
THE GASIFYING AGENT 5 IS  CONTINUOUSLY FED TO THE HIGH
TEMPERATURE GASIFICATION PART 8. HOWEVER, THE GASIFYING
AGENT 6 IS FED TO THE GAS REFORMER 9 ONLY  WHEN THE
TEMPERATURE AT THE OUTLET 10 OF THE GASIFIER 7 DROPS  TO A
PREDETERMINED TEMPERATURE, OR WHEN THERE IS A RISK THAT
THE  TEMPERATURE WILL DROP TO THAT PREDETERMINED
TEMPERATURE. [0057] THE BIOMASS FUEL 1 HAS A HIGH WATER
CONTENT AND POOR  GRINDABILITY, WHICH MAKE THE RAW
BIOMASS FUEL UNSUITABLE FOR  TREATMENT BY AN ENTRAINED
FLOW GASIFIER. ACCORDINGLY, IN THE  EMBODIMENT SHOWN IN
FIG. 1, THERE IS ADOPTED A CARBONIZING-GASIFYING PROCESS IN
WHICH THE BIOMASS FUEL 1 IS  SEPARATED INTO A VOLATILE,
COMBUSTIBLE, PYROLYSIS GAS 3 AND  CARBONIZED MATERIAL 4,
INSIDE THE CARBONIZATION CHAMBER 2 BEFORE  BEING CHARGED
INTO THE GASIFIER 7. THE GAS 3 CONTAINS THE WATER 16
CONTENT OF THE BIOMASS FUEL 1 AND VOLATILE MATTER, AND THE
CARBONIZED MATERIAL 4 IS COMPOSED MAINLY OF FIXED CARBON
AND ASH. [ 0058 ] THE CARBONIZATION CHAMBER 2 COMPRISES AN
INNER PART  FOR PYROLYTICALLY DECOMPOSING THE BIOMASS
FUEL 1, SURROUNDED  BY A JACKET 2A, INTO WHICH A GAS 11 IS
INTRODUCED AT A TEMPERATURE  PREFERABLY AROUND 6000C
FOR INDIRECTLY HEATING THE BIOMASS FUEL  1 AND EFFECTING
CARBONIZATION THROUGH EVAPORATION OF ITS WATER  CONTENT,
AND PYROLYSIS OF ORGANIC SUBSTANCES UNDER ANAEROBIC  
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AGENT IS FED ONLY TO THE HIGH-TEMPERATURE GASIFICATION PART 

8, AND A CONDITION IN WHICH THE GASIFYING AGENT IS FED BOTH 

TO THE HIGH-TEMPERATURE GASIFICATION PART 8, AND TO THE GAS 

REFORMER 9.  AIR OR OXYGEN IS FED BY THE GASIFYING AGENT FEED 

MEANS 14, THEREBY CAUSING A BURNING REACTION TO OCCUR IN THE 

HIGH-TEMPERATURE GASIFICATION PART 8 OR IN BOTH THE 

HIGH-TEMPERATURE GASIFICATION PART 8, AND THE GAS REFORMER 9. 

 THE GASIFYING AGENT FEED MEANS 14 MAY BE MADE UP OF A DEVICE 

FOR BLOWING AIR AND SUITABLE PIPING.   

[0062] IN FIG. 1, TWO GASIFYING AGENT FEED MEANS 14 ARE SHOWN 

AS SEPARATE ELEMENTS FOR THE SAKE OF CONVENIENCE, AND THE 

GASIFYING AGENT FED TO THE HIGH-TEMPERATURE GASIFICATION PART 

8 IS DENOTED BY REFERENCE NUMERAL 5 WHILE THE GASIFYING AGENT 

FED TO THE GAS REFORMER 9 IS DENOTED BY REFERENCE NUMERAL 6. 

HOWEVER, THE GASIFYING AGENT FEED MEANS 14 CAN COMPRISE A SINGLE 

FEEDER WITH BRANCHED PIPING AND VALVES SUCH THAT THE GASIFYING 

AGENT (AIR OR OXYGEN) CAN BE SWITCHED OVER FROM A CONDITION 

IN WHICH IT IS FED ONLY TO THE HIGH TEMPERATURE GASIFICATION 

PART 8, TO A CONDITION IN WHICH IT IS FED BOTH TO THE  

HIGH-TEMPERATURE GASIFICATION PART 8, AND THE GAS REFORMER 9. 

WHERE A SINGLE FEEDER IS USED WITH BRANCHED FEED PIPES, A 

REDUCTION IN THE OVERALL SIZE OF THE SYSTEM, AND A REDUCTION 

IN ITS COST CAN BE REALIZED.  

[0063] THE BIOMASS FUEL 1 FED TO THE CARBONIZATION CHAMBER 

2 FIRST UNDERGOES INDIRECT PYROLYSIS AT A TEMPERATURE AROUND, 

FOR EXAMPLE, 600°C INSIDE THE CARBONIZATION CHAMBER 2 FOR A 

SUFFICIENT LENGTH OF TIME TO BE CARBONIZED.  UPON THE 

CARBONIZATION OF THE BIOMASS FUEL 1, ITS WATER CONTENT, AND 

VOLATILE MATTER, ARE EXHAUSTED FROM THE UPPER PART OF THE 

CARBONIZATION CHAMBER 2 AND TRANSFERRED TO THE GAS REFORMER 

9 VIA THE PYROLYSIS GAS FLOW PATH 12.  THE TIME REQUIRED FOR 

PYROLYTIC DECOMPOSITION OF THE BIOMASS FUEL 1 IS DEPENDENT ON 

THE KIND OF RAW MATERIAL, AND ITS WATER CONTENT.  AS AN EXAMPLE, 

CONDITIONS, THE CONTENT OF THE CHAMBER 2 BEING CUT OFF
FROM  OUTSIDE AIR. AS WILL BE DESCRIBED LATER, THE
CARBONIZATION  TREATMENT OF THE BIOMASS FUEL CAN BE
CARRIED OUT BY UTILIZING  EXHAUST HEAT FROM A GAS ENGINE,
GAS TURBINE, FUEL CELL, OR OTHER  POWER GENERATING DEVICE
UTILIZING GAS GENERATED BY THE GASIFIER  AS A FUEL. THUS, THE
GAS 11 CAN BE EXHAUST GAS FROM THE POWER  GENERATING
DEVICE. [0059] THE WATER CONTENT OF THE BIOMASS, AND THE
COMBUSTIBLE  PYROLYSIS GAS 3, ARE CONTINUOUSLY
DISCHARGED FROM THE UPPER  PART OF THE CARBONIZATION
CHAMBER, AND THE CARBONIZED MATERIAL  4 IS DISCHARGED
FROM THE BOTTOM THEREOF. THE WATER CONTENT,  AND THE
COMBUSTIBLE PYROLYSIS GAS 3, ARE SENT INTO THE GAS
REFORMER 9 VIA THE PYROLYSIS GAS FLOW PATH 12. THE
CARBONIZED  MATERIAL 4 IS SENT INTO THE H I GH- TEMPERATURE
GASIFICATION PART  8 OF THE GASIFIER 7 VIA THE CARBONIZED
MATERIAL FEEDER 13.  THE CARBONIZED MATERIAL FEEDER 13 CAN
BE ANY SUITABLE FEED  MEANS, FOR EXAMPLE, A SCREW FEEDER.
[0060] THE GASIFIER 7 CAUSES THE CARBONIZED MATERIAL 4 FED
FROM THE CARBONIZATION CHAMBER 2, AND THE COMBUSTIBLE
PYROLYSIS  GAS 3 CONTAINING WATER CONTENT AND VOLATILE
MATTER TO UNDERGO  A GASIFYING REACTION, THEREBY
PRODUCING CO (CARBON MONOXIDE),  AND H2 (HYDROGEN). [0061]
THE GASIFYING AGENT FEED MEANS 14 ARE CAPABLE OF BEING
SELECTABLY SWITCHED BETWEEN A CONDITION IN WHICH THE
GASIFYING 17 AGENT IS FED ONLY TO THE HIGH-TEMPERATURE
GASIFICATION PART  8, AND A CONDITION IN WHICH THE GASIFYING
AGENT IS FED BOTH  TO THE HIGH-TEMPERATURE GASIFICATION
PART 8, AND TO THE GAS  REFORMER 9. AIR OR OXYGEN IS FED BY
THE GASIFYING AGENT FEED  MEANS 14, THEREBY CAUSING A
BURNING REACTION TO OCCUR IN THE  HIGH-TEMPERATURE
GASIFICATION PART 8 OR IN BOTH THE HIGH-TEMPERATURE
GASIFICATION PART 8, AND THE GAS REFORMER 9.  
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IF THE TEMPERATURE IS SET TO AROUND 600°C, CARBONIZATION CAN 

ORDINARILY BE IMPLEMENTED IN ABOUT 30 MINUTES TO ONE HOUR.  

AFTER SATISFACTORY CARBONIZATION, THE CARBONIZED MATERIAL 4, 

CONTAINING FIXED CARBON, ASH, AND RELATIVELY LITTLE VOLATILE 

MATTER, IS DISCHARGED FROM THE CARBONIZATION CHAMBER 2.  THUS, 

THE CARBONIZED MATERIAL 4 AND THE VOLATILE GAS IN THE 

CARBONIZATION CHAMBER ARE FED TO THE GASIFIER 7 VIA DIFFERENT 

SYSTEMS,  

[0064] A GASIFYING AGENT 5 IS FED TO THE HIGH-TEMPERATURE 

GASIFICATION PART 8, WHICH IS THE LOWER PART OF THE GASIFIER 

7, AND COMBUSTION AND GASIFICATION ARE CARRIED OUT IN THE 

GASIFICATION PART, USING THE CARBONIZED MATERIAL 4 AS A FUEL. 

 SINCE THE WATER CONTENT FROM THE BIOMASS HAS BEEN REMOVED AND 

THE OF THE CARBONIZED MATERIAL 4 AT THIS STAGE IS RELATIVELY 

FREE OF WATER, A HIGH-TEMPERATURE GAS A TEMPERATURE NOT OF 

1500°C OR MORE CAN BE GENERATED.  FURTHERMORE, IN THE GAS 

REFORMER 9, WHICH IS THE UPPER PART OF THE GASIFIER 7, GAS 

REFORMING IS CARRIES OUT BY DECOMPOSING TAR CONTAINED IN THE 

PYROLYSIS GAS 3 DELIVERED FROM THE CARBONIZATION CHAMBER 2 BY 

THE USE OF THE HIGH-TEMPERATURE GAS AS A HEAT SOURCE.  IF THE 

FLOW RATE OF THE COMBUSTIBLE PYROLYSIS GAS 3 (WHICH IS TYPICALLY 

AT TEMPERATURE IN THE RANGE OF ABOUT 400 TO 600°C) IS HIGH IN 

RELATION TO THE FLOW RATE OF THE CARBONIZED MATERIAL 4 WITHIN 

THE SYSTEM, THE GAS FROM THE HIGH-TEMPERATURE GASIFICATION PART 

8 CAN UNDERGO A RAPID DROP IN TEMPERATURE INSIDE THE GAS REFORMER 

9.  THE TEMPERATURE OF THE GAS IN REFORMER 9 SHOULD NOT BE ALLOWED 

TO DROP TO A TEMPERATURE LOWER THAN 1100°C, WHICH IS THE 

DECOMPOSITION TEMPERATURE OF TAR.  ACCORDINGLY, IF THE 

TEMPERATURE DROPS TO 1100°C, OR IT IS DETERMINED EITHER BY 

SENSING INSTRUMENTATION OR OBSERVATION THAT THERE IS AN 

IMMINENT RISK OF SUCH A TEMPERATURE DROP, GASIFYING AGENT 6, 

CONTAINING AIR OR OXYGEN, IS FED INTO THE GAS REFORMER 9, AND 

A PORTION OF THE COMBUSTIBLE PYROLYSIS GAS 3 IS SUBJECTED TO 

THE GASIFYING AGENT FEED MEANS 14 MAY BE MADE UP OF A
DEVICE  FOR BLOWING AIR AND SUITABLE PIPING. [0062] IN FIG. 1,
TWO GASIFYING AGENT FEED MEANS 14 ARE SHOWN  AS SEPARATE
ELEMENTS FOR THE SAKE OF CONVENIENCE, AND THE  GASIFYING
AGENT FED TO THE HIGH-TEMPERATURE GASIFICATION PART  8 IS
DENOTED BY REFERENCE NUMERAL 5 WHILE THE GASIFYING AGENT
FED TO THE GAS REFORMER 9 IS DENOTED BY REFERENCE
NUMERAL 6.  HOWEVER, THE GASIFYING AGENT FEED MEANS 14 CAN
COMPRISE A SINGLE  FEEDER WITH BRANCHED PIPING AND VALVES
SUCH THAT THE GASIFYING  AGENT (AIR OR OXYGEN) CAN BE
SWITCHED OVER FROM A CONDITION  IN WHICH IT IS FED ONLY TO
THE HIGH TEMPERATURE GASIFICATION  PART 8, TO A CONDITION IN
WHICH IT IS FED BOTH TO THE HIGH-TEMPERATURE GASIFICATION
PART 8, AND THE GAS REFORMER 9.  WHERE A SINGLE FEEDER IS
USED WITH BRANCHED FEED PIPES, A  REDUCTION IN THE OVERALL
SIZE OF THE SYSTEM, AND A REDUCTION  IN ITS COST CAN BE
REALIZED. [0063] THE BIOMASS FUEL 1 FED TO THE CARBONIZATION
CHAMBER  2 FIRST UNDERGOES INDIRECT PYROLYSIS AT A
TEMPERATURE AROUND,  FOR EXAMPLE, 600C INSIDE THE
CARBONIZATION CHAMBER 2 FOR A  SUFFICIENT LENGTH OF TIME
TO BE CARBONIZED. UPON THE CARBONIZATION OF THE BIOMASS
FUEL 1, ITS WATER CONTENT, AND  VOLATILE MATTER, ARE
EXHAUSTED FROM THE UPPER PART OF THE  CARBONIZATION
CHAMBER 2 AND TRANSFERRED TO THE GAS REFORMER  9 VIA THE
PYROLYSIS GAS FLOW PATH 12. THE TIME REQUIRED FOR
PYROLYTIC DECOMPOSITION OF THE BIOMASS FUEL 1 IS
DEPENDENT ON  THE KIND OF RAW MATERIAL, AND ITS WATER
CONTENT. AS AN EXAMPLE, 18 IF THE TEMPERATURE IS SET TO
AROUND 600-C, CARBONIZATION CAN  ORDINARILY BE IMPLEMENTED
IN ABOUT 30 MINUTES TO ONE HOUR.  AFTER SATISFACTORY
CARBONIZATION, THE CARBONIZED MATERIAL 4,  CONTAINING FIXED
CARBON, ASH, AND RELATIVELY LITTLE VOLATILE  MATTER, IS
DISCHARGED FROM THE CARBONIZATION CHAMBER 2. THUS,  
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COMBUSTION, THEREBY RAISING THE TEMPERATURE OF THE 

HIGH-TEMPERATURE GAS TO A TEMPERATURE OF AT LEAST 1100°C, SO 

THAT DECOMPOSITION OF THE TAR CAN TAKE PLACE.    

[0065] REACTIONS INSIDE THE GASIFIER 7 CAN BE EXPRESSED BY 

MEANS OF SIMPLE CHEMICAL FORMULAS AS FOLLOWS. THE BURNING 

REACTION IN THE HIGH-TEMPERATURE GASIFICATION PART 8 INCLUDES 

REACTIONS EXPRESSED BY: 

(1) CO + 1/2 O2  CO2     AND  

 

(2) H2 + 1/2 O2  H2O 

 

WHILE THE GASIFYING REACTION INCLUDES REACTIONS EXPRESSED BY  

 

(3) C + CO2  2CO  AND 

  

(4) C + H2O  CO + H2   

 

[0066] AFTER THE REACTIONS DESCRIBED AS ABOVE, CO, CO2, H2, 

H2O, N2, FIXED CARBON, AND ASH MOVE FROM THE HIGH-TEMPERATURE 

GASIFICATION PART 8 TO THE GAS REFORMER 9.  THEREAFTER, IN THE 

GAS REFORMER 9, THERE OCCURS A SHIFT REACTION EXPRESSED BY  

 

(5) CO + H2O CO2 + H2   

 

[0067] ASH, RESULTING FROM THE BURNING REACTION AND THE 

GASIFYING REACTION PROCEEDING IN THE HIGH-TEMPERATURE 

GASIFICATION PART 8, IS TURNED INTO MOLTEN SLAG, WHICH IS TAKEN 

OUT OF THE BOTTOM OF THE GASIFIER 7.     

[0068] VARIOUS CHANGES AND MODIFICATIONS MAY BE MADE IN THE 

APPARATUS AS DESCRIBED ABOVE.  FOR EXAMPLE, AS WILL APPEAR 

SUBSEQUENTLY, PLURAL CARBONIZATION CHAMBERS MAY BE OPERATED TIME 

SEQUENCE FOR CONTINUOUS FEEDING OF CARBONIZED MATERIAL AND 

THE CARBONIZED MATERIAL 4 AND THE VOLATILE GAS IN THE
CARBONIZATION CHAMBER ARE FED TO THE GASIFIER 7 VIA
DIFFERENT  SYSTEMS, [0064] A GASIFYING AGENT 5 IS FED TO THE
HIGH-TEMPERATURE  GASIFICATION PART 8, WHICH IS THE LOWER
PART OF THE GASIFIER  7, AND COMBUSTION AND GASIFICATION
ARE CARRIED OUT IN THE  GASIFICATION PART, USING THE
CARBONIZED MATERIAL 4 AS A FUEL.  SINCE THE WATER CONTENT
FROM THE BIOMASS HAS BEEN REMOVED AND  THE OF THE
CARBONIZED MATERIAL 4 AT THIS STAGE IS RELATIVELY  FREE OF
WATER, A HIGH-TEMPERATURE GAS A TEMPERATURE NOT OF
15000C OR MORE CAN BE GENERATED. FURTHERMORE, IN THE GAS
REFORMER 9, WHICH IS THE UPPER PART OF THE GASIFIER 7, GAS
REFORMING IS CARRIES OUT BY DECOMPOSING TAR CONTAINED IN
THE  PYROLYSIS GAS 3 DELIVERED FROM THE CARBONIZATION
CHAMBER 2 BY  THE USE OF THE HIGH-TEMPERATURE GAS AS A
HEAT SOURCE. IF THE  FLOW RATE OF THE COMBUSTIBLE
PYROLYSIS GAS 3 (WHICH IS TYPICALLY  AT TEMPERATURE IN THE
RANGE OF ABOUT 400 TO 6000C) IS HIGH IN  RELATION TO THE FLOW
RATE OF THE CARBONIZED MATERIAL 4 WITHIN  THE SYSTEM, THE
GAS FROM THE HIGH- TEMPERATURE GASIFICATION PART  8 CAN
UNDERGO A RAPID DROP IN TEMPERATURE INSIDE THE GAS
REFORMER  9. THE TEMPERATURE OF THE GAS IN REFORMER 9
SHOULD NOT BE ALLOWED  TO DROP TO A TEMPERATURE LOWER
THAN 11000C, WHICH IS THE  DECOMPOSITION TEMPERATURE OF
TAR. ACCORDINGLY, IF THE  TEMPERATURE DROPS TO 11000C, OR IT
IS DETERMINED EITHER BY  SENSING INSTRUMENTATION OR
OBSERVATION THAT THERE IS AN  IMMINENT RISK OF SUCH A
TEMPERATURE DROP, GASIFYING AGENT 6,  CONTAINING AIR OR
OXYGEN, IS FED INTO THE GAS REFORMER 9, AND  A PORTION OF
THE COMBUSTIBLE PYROLYSIS GAS 3 IS SUBJECTED TO 19
COMBUSTION, THEREBY RAISING THE TEMPERATURE OF THE
HIGH-TEMPERATURE GAS TO A TEMPERATURE OF AT LEAST 1100-C,
SO  THAT DECOMPOSITION OF THE TAR CAN TAKE PLACE. 
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COMBUSTIBLE PYROLYSIS GAS TO THE GASIFIER.  FURTHERMORE, IN THE 

GASIFIER, THE HIGH-TEMPERATURE GASIFICATION PART AND THE GAS 

REFORMER CAN BE PROVIDED IN ONE CHAMBER, WITHOUT A DISTINCT 

PARTITION THEREBETWEEN.  FOR EXAMPLE, A SINGLE CHAMBER CAN BE 

USED, OR A SINGLE CHAMBER WITH A RESTRICTION BETWEEN TWO PARTS 

CAN BE USED.  

[0069] IN ORDER TO EXAMINE A PROCESS FOR GASIFYING 

WOOD-BASED, AND WASTE-BASED BIOMASS (WHICH MAY BE REFERRED TO 

AS "WASTE"), THE INVENTORS HAVE ESTABLISHED CALCULATION 

TECHNIQUES FOR EASILY PREDICTING GASIFYING PERFORMANCE ON THE 

BASIS OF THE PROPERTIES OF FUELS, AND GASIFYING REACTION RATES, 

AND HAVE EXAMINED PROCESSES FOR GASIFYING VARIOUS KINDS OF FUELS 

AND TARGET RANGES FOR OPERATION CONDITIONS, INTENDED FOR 

HIGH-EFFICIENCY AND STABLE OPERATION.  

[0070] WITH A TECHNIQUE FOR HIGH-PRECISION NUMERICAL 

ANALYSIS, TARGETING AT A COAL GASIFIER, AND A SUPER-HEAVY OIL 

GASIFIER, DEVELOPED BY ELECTRIC UTILITIES CENTRAL RESEARCH 

INSTITUTE FOUNDATION (HEREINAFTER REFERRED TO MERELY AS THE 

"FOUNDATION"), MUCH TIME IS SPENT IN PREPARING CALCULATION 

LATTICES IN ORDER TO DERIVE DETAILED RESULTS OF VARIOUS 

PERFORMANCES OF THE GASIFIER 7, SUCH AS PARTICLE BEHAVIOR, 

PROPERTY OF GASES, DISTRIBUTION OF GAS TEMPERATURE, AND SO FORTH, 

AND IT TAKES SEVERAL HOURS TO COMPUTE ONE CONDITION.  

ACCORDINGLY, THE FOUNDATION HAS ESTABLISHED A CALCULATION 

TECHNIQUE CAPABLE OF EASILY PREDICTING VARIOUS GASIFYING 

PERFORMANCES, SUCH AS CARBON CONVERSION EFFICIENCY, COLD GAS 

EFFICIENCY, GAS TEMPERATURE AND SO FORTH, ON THE BASIS OF 

PROPERTIES OF FUEL SPECIES AS TARGETS, AND GASIFYING REACTION 

RATES THEREOF TO ENABLE GASIFYING PROCESSES, OPTIMUM OPERATION 

CONDITIONS, AND SO FORTH, TO BE REVIEWED WITH EASE.  WITH THE 

CALCULATION TECHNIQUE, RADIATION FROM THE FURNACE WALL OF THE 

GASIFIER 7, PARTICLE BEHAVIOR, THE SHAPE OF THE GASIFIER 7, AND 

SO FORTH ARE NOT TAKEN INTO ACCOUNT, AND IT IS POSSIBLE TO KEEP 

[00651 REACTIONS INSIDE THE GASIFIER 7 CAN BE EXPRESSED BY
MEANS OF SIMPLE CHEMICAL FORMULAS AS FOLLOWS. THE
BURNING  REACTION IN THE H I GH- TEMPERATURE GASIFICATION
PART 8 INCLUDES  REACTIONS EXPRESSED BY: (1) CO + 1/2 0, - CO,
AND (2) H, + 1/2 0, - H,O WHILE THE GASIFYING REACTION INCLUDES
REACTIONS EXPRESSED BY (3)C + CO, - 2CO AND (4)C + H,O - CO + H,
[00661AFTER THE REACTIONS DESCRIBED AS ABOVE, CO, CO,, H,,
H,O, N,, FIXED CARBON, AND ASH MOVE FROM THE
HIGH-TEMPERATURE  GASIFICATION PART 8 TO THE GAS REFORMER
9. THEREAFTER, IN THE  GAS REFORMER 9, THERE OCCURS A SHIFT
REACTION EXPRESSED BY (5) CO + H,O --CO, + H, [00671 ASH,
RESULTING FROM THE BURNING REACTION AND THE  GASIFYING
REACTION PROCEEDING IN THE HIGH-TEMPERATURE  GASIFICATION
PART 8, IS TURNED INTO MOLTEN SLAG, WHICH IS TAKEN  OUT OF
THE BOTTOM OF THE GASIFIER 7. [00681 VARIOUS CHANGES AND
MODIFICATIONS MAY BE MADE IN THE  APPARATUS AS DESCRIBED
ABOVE. FOR EXAMPLE, AS WILL APPEAR  SUBSEQUENTLY, PLURAL
CARBONIZATION CHAMBERS MAY BE OPERATED TIME  SEQUENCE
FOR CONTINUOUS FEEDING OF CARBONIZED MATERIAL AND 20
COMBUSTIBLE PYROLYSIS GAS TO THE GASIFIER. FURTHERMORE, IN
THE  GASIFIER, THE HIGH-TEMPERATURE GASIFICATION PART AND
THE GAS  REFORMER CAN BE PROVIDED IN ONE CHAMBER,
WITHOUT A DISTINCT  PARTITION THEREBETWEEN. FOR EXAMPLE, A
SINGLE CHAMBER CAN BE  USED, OR A SINGLE CHAMBER WITH A
RESTRICTION BETWEEN TWO PARTS  CAN BE USED. [0069] IN ORDER
TO EXAMINE A PROCESS FOR GASIFYING  WOOD-BASED, AND
WASTE-BASED BIOMASS (WHICH MAY BE REFERRED TO  AS
"WASTE"), THE INVENTORS HAVE ESTABLISHED CALCULATION  
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TRACK OF THE EXTENT TO WHICH THE REACTIONS OCCURRING TO FUEL 

CHARGED INTO THE GASIFIER 7 HAVE PROCEEDED AFTER THE ELAPSE OF 

TIME ON THE BASIS OF GASIFYING REACTION RATES, AND GAS PHASE 

REACTION RATE. 

[0071] THE CALCULATION TECHNIQUE AS ESTABLISHED IS BROADLY 

DESCRIBED HEREINAFTER.  IT WAS ASSUMED THAT, AS TO THE FUEL 

CHARGED INTO THE GASIFIER 7, FIXED CARBON FOUND FROM PROPERTY 

ANALYSIS VALUES IS COKE AS THE OBJECT FOR GASIFYING REACTION 

AND VOLATILE MATTER IS INSTANTANEOUSLY TURNED INTO GAS DUE TO 

PYROLYSIS AFTER CHARGED INTO THE GASIFIER 7.  FURTHER, IT WAS 

ASSUMED THAT THE WATER CONTENT IN THE FORM OF H2O WAS CHARGED 

INTO THE GASIFIER 7 TO BE ASSOCIATED WITH WATER GAS REACTION 

AND SHIFT REACTION.   

[0072] IT IS ASSUMED THAT C, H, AND O, AS VOLATILE MATTER, 

ARE CHARGED IN THE FORM OF GAS, RESULTING BASICALLY IN A SHIFT 

EQUILIBRIUM STATE (CO + H2O = CO2 + H2) BASED ON THE EQUILIBRIUM 

CONSTANT (THE SHIFT EQUILIBRIUM CONSTANT KS) SHOWN IN THE 

FORMULA FOR KS GIVEN BELOW.  HOWEVER, IF AN ATTEMPT IS MADE 

TO DETERMINE PROPORTIONS OF CO, CO2, H2, AND H2O ON THE BASIS 

OF THE PROPORTIONS OF C, H, AND O IN THE FUEL, O IS FOUND 

INSUFFICIENT IN MOST CASES.  THUS, WHEN IT WAS IMPOSSIBLE TO 

ATTAIN THE SHIFT EQUILIBRIUM STATE, O WAS COMBINED WITH C TO 

FORM CO, AND FURTHER, WHEN O WAS INSUFFICIENT IN RELATION TO 

C, USE WAS MADE OF O IN A GASIFYING AGENT.  HYDROGEN WAS ASSUMED 

TO BE H2. 

[0073] THE INITIAL TEMPERATURE WAS DETERMINED ON THE BASIS 

OF THE SENSIBLE HEATS OF THE FUEL, AND THE GASIFYING AGENT (AIR, 

OXYGEN), RESPECTIVELY, AND THE HEATING VALUE OF THE VOLATILE 

MATTER WHEN CONVERTED INTO CO, AND SO FORTH.  AVERAGE SPECIFIC 

HEAT CAPACITIES AT CONSTANT PRESSURE (CPI) OF VARIOUS GASES 

WERE CALCULATED BY MAKING APPROXIMATIONS WITH A SIXTH ORDER 

POLYNOMIAL FOR GAS TEMPERATURE, AS GIVEN BELOW.  

[0074] THE FORMULA FOR KS IS: 

TECHNIQUES FOR EASILY PREDICTING GASIFYING PERFORMANCE
ON THE  BASIS OF THE PROPERTIES OF FUELS, AND GASIFYING
REACTION RATES,  AND HAVE EXAMINED PROCESSES FOR
GASIFYING VARIOUS KINDS OF FUELS  AND TARGET RANGES FOR
OPERATION CONDITIONS, INTENDED FOR  HIGH-EFFICIENCY AND
STABLE OPERATION. [0070] WITH A TECHNIQUE FOR HIGH-PRECISION
NUMERICAL  ANALYSIS, TARGETING AT A COAL GASIFIER, AND A
SUPER-HEAVY OIL  GASIFIER, DEVELOPED BY ELECTRIC UTILITIES
CENTRAL RESEARCH  INSTITUTE FOUNDATION (HEREINAFTER
REFERRED TO MERELY AS THE  "FOUNDATION"), MUCH TIME IS
SPENT IN PREPARING CALCULATION  LATTICES IN ORDER TO DERIVE
DETAILED RESULTS OF VARIOUS  PERFORMANCES OF THE GASIFIER
7, SUCH AS PARTICLE BEHAVIOR,  PROPERTY OF GASES,
DISTRIBUTION OF GAS TEMPERATURE, AND SO FORTH,  AND IT
TAKES SEVERAL HOURS TO COMPUTE ONE CONDITION.
ACCORDINGLY, THE FOUNDATION HAS ESTABLISHED A
CALCULATION  TECHNIQUE CAPABLE OF EASILY PREDICTING
VARIOUS GASIFYING  PERFORMANCES, SUCH AS CARBON
CONVERSION EFFICIENCY, COLD GAS  EFFICIENCY, GAS
TEMPERATURE AND SO FORTH, ON THE BASIS OF  PROPERTIES OF
FUEL SPECIES AS TARGETS, AND GASIFYING REACTION  RATES
THEREOF TO ENABLE GASIFYING PROCESSES, OPTIMUM
OPERATION  CONDITIONS, AND SO FORTH, TO BE REVIEWED WITH
EASE. WITH THE  CALCULATION TECHNIQUE, RADIATION FROM THE
FURNACE WALL OF THE  GASIFIER 7, PARTICLE BEHAVIOR, THE
SHAPE OF THE GASIFIER 7, AND  SO FORTH ARE NOT TAKEN INTO
ACCOUNT, AND IT IS POSSIBLE TO KEEP 21 TRACK OF THE EXTENT
TO WHICH THE REACTIONS OCCURRING TO FUEL  CHARGED INTO
THE GASIFIER 7 HAVE PROCEEDED AFTER THE ELAPSE OF  TIME ON
THE BASIS OF GASIFYING REACTION RATES, AND GAS PHASE
REACTION RATE. [0071] THE CALCULATION TECHNIQUE AS
ESTABLISHED IS BROADLY  DESCRIBED HEREINAFTER. IT WAS
ASSUMED THAT, AS TO THE FUEL  CHARGED INTO THE GASIFIER 7,
FIXED CARBON FOUND FROM PROPERTY  
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(6) KS = ([CO2] X [H2]) ) ([CO] X [H2O])  

        = 0.0265 X EXP (3956 ) (T + 273))     

 

WHERE T: IS IN °C.  

 

THE POLYNOMIAL BY WHICH CPI IS APPROXIMATED IS: 

 

(7) CPI = AI + BIT + CIT2 +DIT3 + EIT4 + FIT5 + GIT6  

 

[0075] INSIDE THE GASIFIER 7, FOUR GAS PHASE REACTIONS, 

EXPRESSED BY THE FOLLOWING FORMULAS ARE TAKEN INTO ACCOUNT, 

BUT REACTIONS CONCERNING METHANE, SULFUR, AND OTHER TRACE 

COMPONENTS ARE NOT TAKEN INTO ACCOUNT.  

 

(8) CO + 1/2 O2  CO2  

 

(9) H2 + 1/2 O2  H2O  

 

(10) CO + H2O  CO2 + H2   

 

(11) CO2 + H2  CO + H2O  

 

[0076] THE FOLLOWING TABLE 1SHOWS REACTION RATE CONSTANTS 

USING CALCULATIONS OF RESPECTIVE GAS PHASE REACTIONS ("C.F." 

REFERRING TO THE NUMBERED CHEMICAL FORMULAS ABOVE).  

 

 TABLE 1 
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ANALYSIS VALUES IS COKE AS THE OBJECT FOR GASIFYING
REACTION  AND VOLATILE MATTER IS INSTANTANEOUSLY TURNED
INTO GAS DUE TO  PYROLYSIS AFTER CHARGED INTO THE GASIFIER
7. FURTHER, IT WAS  ASSUMED THAT THE WATER CONTENT IN THE
FORM OF H,O WAS CHARGED  INTO THE GASIFIER 7 TO BE
ASSOCIATED WITH WATER GAS REACTION  AND SHIFT REACTION.
[0072] IT IS ASSUMED THAT C, H, AND 0, AS VOLATILE MATTER,  ARE
CHARGED IN THE FORM OF GAS, RESULTING BASICALLY IN A SHIFT
EQUILIBRIUM STATE (CO + H20 = C02 + H2) BASED ON THE
EQUILIBRIUM  CONSTANT (THE SHIFT EQUILIBRIUM CONSTANT KS)
SHOWN IN THE  FORMULA FOR KS GIVEN BELOW. HOWEVER, IF AN
ATTEMPT IS MADE  TO DETERMINE PROPORTIONS OF CO, C02, H2,
AND H20 ON THE BASIS  OF THE PROPORTIONS OF C, H, AND 0 IN
THE FUEL, 0 IS FOUND  INSUFFICIENT IN MOST CASES. THUS, WHEN
IT WAS IMPOSSIBLE TO  ATTAIN THE SHIFT EQUILIBRIUM STATE, 0
WAS COMBINED WITH C TO  FORM CO, AND FURTHER, WHEN 0 WAS
INSUFFICIENT IN RELATION TO  C, USE WAS MADE OF 0 IN A
GASIFYING AGENT. HYDROGEN WAS ASSUMED  TO BE H2 [00731 THE
INITIAL TEMPERATURE WAS DETERMINED ON THE BASIS  OF THE
SENSIBLE HEATS OF THE FUEL, AND THE GASIFYING AGENT (AIR,
OXYGEN), RESPECTIVELY, AND THE HEATING VALUE OF THE
VOLATILE  MATTER WHEN CONVERTED INTO CO, AND SO FORTH.
AVERAGE SPECIFIC  HEAT CAPACITIES AT CONSTANT PRESSURE
(CPI) OF VARIOUS GASES  WERE CALCULATED BY MAKING
APPROXIMATIONS WITH A SIXTH ORDER  POLYNOMIAL FOR GAS
TEMPERATURE, AS GIVEN BELOW. [0074] THE FORMULA FOR KS IS:
22 (6) KS IC021 X [H21 ICOI X [H201 = 0.0265 X EXP (3956 )o'(T + 273))
WHERE T: IS IN 'C. THE POLYNOMIAL BY WHICH CPI IS
APPROXIMATED IS: (7) CPI = AI + BIT + CIT 2 +DIT' + EIT' + FIT' + GIT'  
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WITH RESPECT TO THE GASIFYING REACTION OF THE COKE, THREE 

REACTIONS, EXPRESSED BY CHEMICAL FORMULAS 13 TO 15, GIVEN BELOW, 

ARE TAKEN INTO ACCOUNT.  FOR GASIFYING REACTION RATE CONSTANTS, 

VALUES MEASURED BY USE OF A THERMOBALANCE AND PDTF (SUPER-HIGH 

TEMPERATURE PRESSURIZED FUEL REACTION TEST FACILITY) OF THE 

FOUNDATION WERE ADOPTED.  FOR A COKE GASIFYING REACTION RATE 

MODEL, AN N-TH REACTION RATE FORMULA, TAKING INTO ACCOUNT THE 

EFFECT OF TEMPERATURE AND PRESSURE, AS EXPRESSED BY ARRHENIUS 

EQUATION 12, WAS ADOPTED.  TABLE 2 SHOWS VALUES OF CEDAR BARKS 

AS AN EXAMPLE OF GASIFYING REACTION RATE CONSTANTS.  IT IS KNOWN 

FROM STUDIES THUS FAR CONDUCTED BY THE FOUNDATION THAT GASIFYING 

REACTION BECOMES RATE-LIMITING IN A HIGH-TEMPERATURE REGION. 

 ACCORDINGLY, WITH RESPECT TO GASIFYING REACTION BY CO2 AS 

EXPRESSED BY CHEMICAL FORMULA 14, RESPECTIVE GASIFYING REACTION 

RATES IN LOW-TEMPERATURE AND HIGH-TEMPERATURE REGIONS, AS SHOWN 

IN TABLE 2, ARE COMPARED WITH EACH OTHER, THEREBY ADOPTING 

SMALLER VALUES.  FURTHER, IT IS KNOWN THAT THE GASIFYING 

REACTION BY H2O, AS EXPRESSED BY CHEMICAL FORMULA 15, IS FASTER 

THAN THE GASIFYING REACTION BY CO2 FROM THE STUDIES THUS FAR 

CONDUCTED BY THE FOUNDATION, AND IN THIS CASE, THE FORMER WAS 

ASSUMED TO BE 1.5 TIMES AS FAST AS THE LATTER. 

 

(12) DX/DT = AOPI
NEXP (-EAI/RT) 

 

(13) CO + 1/2 O2  CO   

 

(14) C + CO2  2CO   

 

[0075] INSIDE THE GASIFIER 7, FOUR GAS PHASE REACTIONS,
EXPRESSED BY THE FOLLOWING FORMULAS ARE TAKEN INTO
ACCOUNT,  BUT REACTIONS CONCERNING METHANE, SULFUR, AND
OTHER TRACE  COMPONENTS ARE NOT TAKEN INTO ACCOUNT. (8)
CO + 1/2 02 - C02  (9) H2 + 1/2 02 - H20  (10) CO + H20 - C02 + H2  (11)
C02 + H2 - CO + H20 [0076] THE FOLLOWING TABLE 1SHOWS
REACTION RATE CONSTANTS USING CALCULATIONS OF RESPECTIVE
GAS PHASE REACTIONS ("C.F."  REFERRING TO THE NUMBERED
CHEMICAL FORMULAS ABOVE). TABLE 1 A FORMUL A B E(J/KMOL) 23
82.2X101201.67X108 90.68 X 1016-11.68 X 108 102.78X10908.38 X 107
112.65 X 10-203.96 X 103 WITH RESPECT TO THE GASIFYING
REACTION OF THE COKE, THREE  REACTIONS, EXPRESSED BY
CHEMICAL FORMULAS 13 TO 15, GIVEN BELOW,  ARE TAKEN INTO
ACCOUNT. FOR GASIFYING REACTION RATE CONSTANTS,  VALUES
MEASURED BY USE OF A THERMOBALANCE AND PDTF (SUPER-HIGH
TEMPERATURE PRESSURIZED FUEL REACTION TEST FACILITY) OF
THE  FOUNDATION WERE ADOPTED. FOR A COKE GASIFYING
REACTION RATE  MODEL, AN N-TH REACTION RATE FORMULA,
TAKING INTO ACCOUNT THE  EFFECT OF TEMPERATURE AND
PRESSURE, AS EXPRESSED BY ARRHENIUS  EQUATION 12, WAS
ADOPTED. TABLE 2 SHOWS VALUES OF CEDAR BARKS  AS AN
EXAMPLE OF GASIFYING REACTION RATE CONSTANTS. IT IS KNOWN
FROM STUDIES THUS FAR CONDUCTED BY THE FOUNDATION THAT
GASIFYING  REACTION BECOMES RATE-LIMITING IN A
HIGH-TEMPERATURE REGION.  
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(15) C + H2O  CO + H2   

 

 TABLE 2  
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[0077] THE GASIFIER 7 WAS ASSUMED TO BE CONSTRUCTED OF A 

REFRACTORY MATERIAL, AND THE RATIO OF HEAT LOSS, CAUSED BY 

DISSIPATION TO THE FURNACE WALL OF THE GASIFIER 7, WAS FOUND 

BY USE OF A RELATIONSHIP BETWEEN GAS TEMPERATURE AT THE OUTLET 

OF THE GASIFIER 7, AND A RATIO OF HEAT LOSS TO HEAT INPUT 

QUANTITY, SHOWN IN THE EXPRESSION BELOW, FOUND WHEN 

GASIFICATION TESTS ON OIL EMULSION AND RESIDUAL OIL WERE 

CONDUCTED AT THE NEW SPECIES LIQUID FUEL GASIFICATION RESEARCH 

FURNACE OF THE FOUNDATION.  AT A TEMPERATURE BELOW 1370°C, THE 

FIRST EXPRESSION, DERIVED FROM THE GASIFICATION TESTS ON THE 

OIL EMULSION WAS USED WHILE THE SECOND EXPRESSION, DERIVED FROM 

THE GASIFICATION TESTS ON THE RESIDUAL OIL WAS USED AT 

TEMPERATURES AT AND ABOVE 1370°C. THE RATIO OF HEAT LOSS WAS 

DETERMINED ON THE BASIS OF THE OUTLET TEMPERATURE OF THE 

GASIFIER 7, AND, FROM THOSE EXPRESSIONS, AND FURTHER, 

CORRECTION WAS MADE BY TAKING INTO ACCOUNT THE RATIO OF THE 

WALL SURFACE AREA OF THE GASIFIER 7 TO THE HEAT INPUT QUANTITY. 

 AS A RESULT, THE EFFECT OF SCALING UP THE GASIFIER 7 CAN BE 

TAKEN INTO ACCOUNT.  

 

[0078] AT A TEMPERATURE BELOW 1370°C:   

THE RATIO OF HEAT LOSS (%) = 3.7666 X 10-34 X GASIFIER OUTLET 

TEMPERATURE (°C)10.836   

 

[0079] AT A TEMPERATURE NOT LOWER THAN 1370°C:   

ACCORDINGLY, WITH RESPECT TO GASIFYING REACTION BY CO2 AS
EXPRESSED BY CHEMICAL FORMULA 14, RESPECTIVE GASIFYING
REACTION  RATES IN LOW-TEMPERATURE AND HIGH-TEMPERATURE
REGIONS, AS SHOWN  IN TABLE 2, ARE COMPARED WITH EACH
OTHER, THEREBY ADOPTING  SMALLER VALUES. FURTHER, IT IS
KNOWN THAT THE GASIFYING  REACTION BY H2O, AS EXPRESSED BY
CHEMICAL FORMULA 15, IS FASTER  THAN THE GASIFYING REACTION
BY CO2 FROM THE STUDIES THUS FAR  CONDUCTED BY THE
FOUNDATION, AND IN THIS CASE, THE FORMER WAS  ASSUMED TO
BE 1.5 TIMES AS FAST AS THE LATTER. (12) DX/DT = AOPINEXP
(-EAI/RT)  (13) CO + 1/2 02 - CO (14) C + CO2 -. 2C0 24 (15) C + H2O - CO
+ H, TABLE 2 FORMULAAo N EA[J/KMOL] 133.53X106 0.68 1.30Xio8 14
(LOW TEMP REGION)3.64 X 10b0 0.49 2-77X108 14 (HIGH TEMP
REGION)4.95 X 106 0.745 1.78 X 108 [0077] THE GASIFIER 7 WAS
ASSUMED TO BE CONSTRUCTED OF A  REFRACTORY MATERIAL, AND
THE RATIO OF HEAT LOSS, CAUSED BY  DISSIPATION TO THE
FURNACE WALL OF THE GASIFIER 7, WAS FOUND  BY USE OF A
RELATIONSHIP BETWEEN GAS TEMPERATURE AT THE OUTLET  OF
THE GASIFIER 7, AND A RATIO OF HEAT LOSS TO HEAT INPUT
QUANTITY, SHOWN IN THE EXPRESSION BELOW, FOUND WHEN
GASIFICATION TESTS ON OIL EMULSION AND RESIDUAL OIL WERE
CONDUCTED AT THE NEW SPECIES LIQUID FUEL GASIFICATION
RESEARCH  FURNACE OF THE FOUNDATION. AT A TEMPERATURE
BELOW 1370C, THE  FIRST EXPRESSION, DERIVED FROM THE
GASIFICATION TESTS ON THE  OIL EMULSION WAS USED WHILE THE
SECOND EXPRESSION, DERIVED FROM  THE GASIFICATION TESTS
ON THE RESIDUAL OIL WAS USED AT  TEMPERATURES AT AND
ABOVE 1370C. THE RATIO OF HEAT LOSS WAS  
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THE RATIO OF HEAT LOSS (%) = - 2.97 X 10-5 X GASIFIER OUTLET 

TEMPERATURE (°C)2 + 9.545 X 10-2 X GASIFIER OUTLET 

TEMPERATURE (°C) - 71.35   

 

[0080] IN ORDER TO CHECK THE ACCURACY OF THE CALCULATION 

TECHNIQUE, COMPARISON THEREOF WITH RESULTS OF THE GASIFICATION 

TESTS ON THE OIL EMULSION, CONDUCTED BY THE FOUNDATION, WAS 

MADE.  FIG. 2 SHOWS COMPARISON OF TEST VALUES WITH CALCULATION 

VALUES AT AN OXYGEN RATIO ( ) OF 0.40 AFTER ABOUT 5 SECONDS 

OF RETENTION TIME IN THE FURNACE, WHEN THE GASIFYING REACTION 

IN THE TEST WAS DETERMINED NEARLY COMPLETED.  FOR THE REACTION 

RATE CONSTANTS, VALUES MEASURED AT THE PDTF OF THE FOUNDATION 

WERE ADOPTED. 

[0081] IN FIG. 2, AS TO VARIOUS GASIFYING PERFORMANCES OF 

GENERATED GAS HEATING VALUE (HHV: HIGHER HEATING VALUE), CARBON 

CONVERSION EFFICIENCY (CCE), AND COLD GAS EFFICIENCY (CGE), 

THE TEST VALUES AND CALCULATION VALUES WERE FOUND TO BE IN 

SUBSTANTIAL AGREEMENT WITH EACH OTHER.   A SLIGHT DIFFERENCE 

WAS FOUND BETWEEN THE RESPECTIVE PROPERTIES OF VARIOUS GASES. 

 HOWEVER, SINCE THE CONCENTRATION OF CO COMBINED WITH H2, WHICH 

ARE COMBUSTIBLE COMPONENTS, SUBSTANTIALLY AGREES WITH THAT OF 

THE TEST VALUE, BOTH THE VALUES OF THE COLD GAS EFFICIENCY 

SUBSTANTIALLY AGREE WITH EACH OTHER.  THAT IS PRESUMABLY BECAUSE 

MOST OF THE C IN VOLATILE MATTER OF THE FUEL IS ASSUMED TO TURN 

INTO CO IMMEDIATELY AFTER BEING CHARGED INTO THE GASIFIER 7, 

SO THAT CO CONCENTRATION IS CALCULATED AT A SOMEWHAT HIGHER 

VALUE. 

[0082] IT HAS TURNED OUT THAT CO IS CALCULATED AT A SOMEWHAT 

HIGHER VALUE IN CONCENTRATION, AS DESCRIBED ABOVE, AND OTHER 

COMPONENTS ARE CALCULATED AT SOMEWHAT LOWER VALUE, BUT THE 

CARBON CONVERSION EFFICIENCY INDICATING GASIFICATION 

EFFICIENCY, AND THE COLD GAS EFFICIENCY, WILL BE AT SATISFACTORY 

VALUES FROM THE VIEWPOINT OF PREDICTING GASIFYING PERFORMANCE. 

DETERMINED ON THE BASIS OF THE OUTLET TEMPERATURE OF THE
GASIFIER 7, AND, FROM THOSE EXPRESSIONS, AND FURTHER,
CORRECTION WAS MADE BY TAKING INTO ACCOUNT THE RATIO OF
THE  WALL SURFACE AREA OF THE GASIFIER 7 TO THE HEAT INPUT
QUANTITY.  AS A RESULT, THE EFFECT OF SCALING UP THE
GASIFIER 7 CAN BE  TAKEN INTO ACCOUNT. [0078] AT A
TEMPERATURE BELOW 1370C: THE RATIO OF HEAT LOSS (%) = 3.7666
X 10-34 X GASIFIER OUTLET  TEMPERATURE (  C) 11.131 [0079] AT A
TEMPERATURE NOT LOWER THAN 1370C: 25 THE RATIO OF HEAT
LOSS (%) = - 2.97 X 10-5 X GASIFIER OUTLET  TEMPERATURE (C)2 +
9.545 X 10-2 X GASIFIER OUTLET  TEMPERATURE (C) - 71.35 [0080] IN
ORDER TO CHECK THE ACCURACY OF THE CALCULATION
TECHNIQUE, COMPARISON THEREOF WITH RESULTS OF THE
GASIFICATION  TESTS ON THE OIL EMULSION, CONDUCTED BY THE
FOUNDATION, WAS  MADE. FIG. 2 SHOWS COMPARISON OF TEST
VALUES WITH CALCULATION  VALUES AT AN OXYGEN RATIO (A) OF
0.40 AFTER ABOUT 5 SECONDS  OF RETENTION TIME IN THE
FURNACE, WHEN THE GASIFYING REACTION  IN THE TEST WAS
DETERMINED NEARLY COMPLETED. FOR THE REACTION  RATE
CONSTANTS, VALUES MEASURED AT THE PDTF OF THE FOUNDATION
WERE ADOPTED. [0081] IN FIG. 2, AS TO VARIOUS GASIFYING
PERFORMANCES OF  GENERATED GAS HEATING VALUE (HHV:
HIGHER HEATING VALUE), CARBON  CONVERSION EFFICIENCY (CCE),
AND COLD GAS EFFICIENCY (CGE),  THE TEST VALUES AND
CALCULATION VALUES WERE FOUND TO BE IN  SUBSTANTIAL
AGREEMENT WITH EACH OTHER. A SLIGHT DIFFERENCE  WAS
FOUND BETWEEN THE RESPECTIVE PROPERTIES OF VARIOUS
GASES. HOWEVER, SINCE THE CONCENTRATION OF CO COMBINED
WITH H2, WHICH  ARE COMBUSTIBLE COMPONENTS, SUBSTANTIALLY
AGREES WITH THAT OF  THE TEST VALUE, BOTH THE VALUES OF THE
COLD GAS EFFICIENCY  
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[0083] A PROCESS OF GASIFYING CEDAR CHIPS AS AN EXAMPLE OF 

BIOMASS AT A HIGH EFFICIENCY WAS REVIEWED BY USE OF THE 

CALCULATION TECHNIQUES AS ESTABLISHED.  IN REVIEWING, 

PARTICULAR ATTENTION WAS PAID TO THE FOLLOWING POINTS.   

 

GAS TEMPERATURE AT THE OUTLET OF THE HIGH-TEMPERATURE 

GASIFICATION PART (COMBUSTOR) 8 (IN THE CASE OF A TWO-STAGE 

TYPE GASIFIER). . . TO BE CONSIDERED FROM THE VIEWPOINT 

OF HEAT RESISTANCE (NOT HIGHER THAN 2000°C) OF THE 

COMBUSTOR WALL, AND DISCHARGE OF MOLTEN ASH (NOT LOWER 

THAN 1600°C) 

 

GAS TEMPERATURE AT THE OUTLET OF THE GASIFIER 7 . . . TO 

BE CONSIDERED FROM THE VIEWPOINT OF TAR GENERATION (NOT 

LOWER THAN 1100°C)  

  

THE CARBON CONVERSION EFFICIENCY. . . TO BE CONSIDERED 

FROM THE VIEWPOINT OF HIGH EFFICIENCY UTILIZATION OF THE 

FUEL WITHOUT A RECYCLING FACILITY (NOT LESS THAN 99.5%: 

THE COLD GAS EFFICIENCY AT NOT LESS THAN 75) 

 

[0084] TABLE 3 SHOWS THE PROPERTIES OF THE CEDAR CHIPS USED 

FOR REVIEW.  BECAUSE THE ASH CONTENT IN THE CEDAR CHIPS IS IN 

A TRACE AMOUNT (0.09%), IT WAS ASSUMED THAT THE ASH WAS 

DISCHARGED AS FLY ASH DOWNSTREAM INSTEAD OF BEING SLAGGED AND 

MOLTEN INSIDE THE GASIFIER 7 FOR SUBSEQUENT DISCHARGE.  FOR 

THE GASIFYING REACTION RATE CONSTANTS, USE WAS MADE OF THE 

VALUES FOR CEDAR BARKS AS SHOWN IN TABLE 2.  

 

TABLE 3 
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SUBSTANTIALLY AGREE WITH EACH OTHER. THAT IS PRESUMABLY
BECAUSE  MOST OF THE C IN VOLATILE MATTER OF THE FUEL IS
ASSUMED TO TURN  INTO CO IMMEDIATELY AFTER BEING CHARGED
INTO THE GASIFIER 7,  SO THAT CO CONCENTRATION IS
CALCULATED AT A SOMEWHAT HIGHER  VALUE. [0082] IT HAS
TURNED OUT THAT CO IS CALCULATED AT A SOMEWHAT  HIGHER
VALUE IN CONCENTRATION, AS DESCRIBED ABOVE, AND OTHER
COMPONENTS ARE CALCULATED AT SOMEWHAT LOWER VALUE, BUT
THE  CARBON CONVERSION EFFICIENCY INDICATING GASIFICATION
EFFICIENCY, AND THE COLD GAS EFFICIENCY, WILL BE AT
SATISFACTORY  VALUES FROM THE VIEWPOINT OF PREDICTING
GASIFYING PERFORMANCE. 26 [0083] A PROCESS OF GASIFYING
CEDAR CHIPS AS AN EXAMPLE OF  BIOMASS AT A HIGH EFFICIENCY
WAS REVIEWED BY USE OF THE  CALCULATION TECHNIQUES AS
ESTABLISHED. IN REVIEWING,  PARTICULAR ATTENTION WAS PAID
TO THE FOLLOWING POINTS. GAS TEMPERATURE AT THE OUTLET OF
THE HIGH-TEMPERATURE  GASIFICATION PART (COMBUSTOR) 8 (IN
THE CASE OF A TWO-STAGE  TYPE GASIFIER) . . . TO BE CONSIDERED
FROM THE VIEWPOINT  OF HEAT RESISTANCE (NOT HIGHER THAN
2000C) OF THE  COMBUSTOR WALL, AND DISCHARGE OF MOLTEN
ASH (NOT LOWER  THAN 1600C) GAS TEMPERATURE AT THE OUTLET
OF THE GASIFIER 7 . . . TO  BE CONSIDERED FROM THE VIEWPOINT
OF TAR GENERATION (NOT  LOWER THAN 1100C) THE CARBON
CONVERSION EFFICIENCY. . . TO BE CONSIDERED  FROM THE
VIEWPOINT OF HIGH EFFICIENCY UTILIZATION OF THE  FUEL
WITHOUT A RECYCLING FACILITY (NOT LESS THAN 99.5%:  THE COLD
GAS EFFICIENCY AT NOT LESS THAN 75) [0084] TABLE 3 SHOWS THE
PROPERTIES OF THE CEDAR CHIPS USED  FOR REVIEW. BECAUSE
THE ASH CONTENT IN THE CEDAR CHIPS IS IN  A TRACE AMOUNT
(0.09%), IT WAS ASSUMED THAT THE ASH WAS  
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 (* ASSUMED MELTING POINT OF ASH: 1600°C) 

 

ONE-STAGE ENTRAINED FLOW PROCESS 

[0085] FIRST, WITH RESPECT TO A ONE-STAGE ENTRAINED FLOW 

PROCESS USING A SIMPLE CONSTRUCTION, THE OPTIMUM OPERATION 

CONDITION WAS REVIEWED IN THE CASES OF OXYGEN-BLOWN AND 

AIR-BLOWN TYPES, RESPECTIVELY.  A CONDITION WAS SOUGHT UNDER 

WHICH TEMPERATURE AT THE OUTLET OF THE GASIFIER IS NOT LOWER 

THAN 1100°C IN ORDER TO DETER FORMATION OF TAR, AND THE CARBON 

CONVERSION EFFICIENCY IS NOT LESS THAN 99.5% FROM THE VIEWPOINT 

OF HIGH GASIFICATION EFFICIENCY.  THE REVIEW WAS CONDUCTED UNDER 

THE FOLLOWING CONDITIONS. 

 

PRESSURE INSIDE THE GASIFIER WAS ATMOSPHERIC  PRESSURE, 

AND GASIFIER CAPACITY WAS 100 T/D. 

 

RETENTION TIME INSIDE THE GASIFIER WAS ABOUT 5 SECONDS WHEN 

THE GASIFYING REACTION IN THE TEST WAS DETERMINED NEARLY 

COMPLETED.      

 

OXYGEN-BLOWN TYPE ONE-STAGE ENTRAINED FLOW PROCESS 

[0086]  FIGS. 3 AND 4 SHOW RESULTS OF THE REVIEW WITH THE 

OXYGEN-BLOWN TYPE.  AS OXYGEN FED FROM AN OXYGEN PRODUCTION UNIT 

IS GENERALLY 95% IN CONCENTRATION, IT WAS ASSUMED THAT OXYGEN 

CONCENTRATION IN THE GASIFYING AGENT WAS 95%, AND THAT THE 5% 

BALANCE WAS NITROGEN.  THE INPUT TEMPERATURE OF THE GASIFYING 

AGENT WAS 50°C.  IT WAS PREDICTED FROM CALCULATION RESULTS THAT 

HIGH EFFICIENCY OPERATION WITH THE CARBON CONVERSION EFFICIENCY 

AT NOT LESS THAN 99.5% WAS FEASIBLE IN AN OXYGEN RATIO RANGE 

EXCEEDING 0.58.  IN GENERAL, BIOMASS IS HIGH IN O CONTENT OF 

FUEL, SO THAT THE HEATING VALUE THEREOF IS LOW AS COMPARED WITH 

FOSSIL FUEL.  CONSEQUENTLY, CALCULATION SHOWED THAT OPERATION 

AT A HIGH OXYGEN RATIO EXCEEDING 0.58 WAS REQUIRED IN SPITE OF 

DISCHARGED AS FLY ASH DOWNSTREAM INSTEAD OF BEING
SLAGGED AND  MOLTEN INSIDE THE GASIFIER 7 FOR SUBSEQUENT
DISCHARGE. FOR  THE GASIFYING REACTION RATE CONSTANTS,
USE WAS MADE OF THE  VALUES FOR CEDAR BARKS AS SHOWN IN
TABLE 2. TABLE 3 C H 0 N S CL FIXED CARBON ASH  WATER 30.45 3.71
25.68 0.06 0.01 <o.ol 6.07 0.09 40 27 (* ASSUMED MELTING POINT OF
ASH: 1600C) ONE-STAGE ENTRAINED FLOW PROCESS [0085] FIRST,
WITH RESPECT TO A ONE-STAGE ENTRAINED FLOW  PROCESS
USING A SIMPLE CONSTRUCTION, THE OPTIMUM OPERATION
CONDITION WAS REVIEWED IN THE CASES OF OXYGEN-BLOWN AND
AIR-BLOWN TYPES, RESPECTIVELY. A CONDITION WAS SOUGHT
UNDER  WHICH TEMPERATURE AT THE OUTLET OF THE GASIFIER IS
NOT LOWER  THAN 1100C IN ORDER TO DETER FORMATION OF TAR,
AND THE CARBON  CONVERSION EFFICIENCY IS NOT LESS THAN
99.5% FROM THE VIEWPOINT  OF HIGH GASIFICATION EFFICIENCY.
THE REVIEW WAS CONDUCTED UNDER  THE FOLLOWING
CONDITIONS. PRESSURE INSIDE THE GASIFIER WAS ATMOSPHERIC
PRESSURE,  AND GASIFIER CAPACITY WAS 100 T/D. RETENTION TIME
INSIDE THE GASIFIER WAS ABOUT 5 SECONDS WHEN  THE
GASIFYING REACTION IN THE TEST WAS DETERMINED NEARLY
COMPLETED. OXYGEN-BLOWN TYPE ONE-STAGE ENTRAINED FLOW
PROCESS [0086] FIGS. 3 AND 4 SHOW RESULTS OF THE REVIEW WITH
THE  OXYGEN-BLOWN TYPE. AS OXYGEN FED FROM AN OXYGEN
PRODUCTION UNIT  IS GENERALLY 95% IN CONCENTRATION, IT WAS
ASSUMED THAT OXYGEN  CONCENTRATION IN THE GASIFYING
AGENT WAS 95%, AND THAT THE 5%  BALANCE WAS NITROGEN. THE
INPUT TEMPERATURE OF THE GASIFYING  AGENT WAS 50C. IT WAS
PREDICTED FROM CALCULATION RESULTS THAT  
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THE OXYGEN-BLOWN TYPE IN ORDER TO IMPLEMENT OPERATION WITH THE 

TEMPERATURE INSIDE THE GASIFIER 7, KEPT SUFFICIENTLY HIGH.  IN 

THIS CASE, THE COLD GAS EFFICIENCY, AS ANOTHER INDEX OF HIGH 

EFFICIENCY OPERATION, WAS 58.9%, AND THE GENERATED GAS HEATING 

VALUE BECAME AS LOW AS ABOUT 1000 KCAL / M3 N. 

 

AIR-BLOWN TYPE ONE-STAGE ENTRAINED FLOW PROCESS 

[0087] FIG. 5 SHOWS RESULTS OF THE CALCULATION OF THE CARBON 

CONVERSION EFFICIENCY, AND GAS TEMPERATURE AT THE OUTLET OF 

THE GASIFIER IN THE CASE OF THE AIR-BLOWN TYPE.  THE AIR INPUT 

TEMPERATURE WAS 250°C.  IN COMPARISON WITH THE CASE OF THE 

OXYGEN-BLOWN TYPE, BOTH THE CARBON CONVERSION EFFICIENCY, AND 

GAS TEMPERATURE UNDERGO DETERIORATION IN OPERATION AT THE SAME 

OXYGEN RATIO BECAUSE THE AMOUNT OF NITROGEN INCREASES BY ABOUT 

70 TIMES (PERCENTAGE OF NITROGEN IN THE GASIFYING AGENT: 5% 

 79%) IN OPERATION AT THE SAME OXYGEN RATIO.  CONSEQUENTLY, 

IT WAS FOUND IMPOSSIBLE TO ATTAIN A CARBON CONVERSION EFFICIENCY 

IN EXCESS OF 99%, EVEN WITH THE OXYGEN RATIO AT 0.80.  THEREFORE, 

IT WAS DEEMED DIFFICULT TO EXECUTE AIR-BLOWN GASIFICATION WITH 

THE ONE-STAGE ENTRAINED FLOW PROCESS.   

 

CARBONIZING-GASIFYING PROCESS   

[0088] A REVIEW WAS CONDUCTED ON A PROCESS IN WHICH, IN ORDER 

TO GASIFY BIOMASS HAVING A HIGH WATER CONTENT BEFORE BEING 

CHARGED INTO THE GASIFIER 7, THE FUEL WAS DECOMPOSED, BY A 

PRETREATMENT PROCESS INSIDE THE CARBONIZATION CHAMBER 2, INTO 

THE CARBONIZED MATERIAL 4, COMPOSED MAINLY OF FIXED CARBON, 

VOLATILE PYROLYSIS GAS 3 CONTAINING WATER, AND VOLATILE MATTER 

IN THE FUEL.  

[0089] THE BIOMASS FUEL IS FED TO THE CARBONIZATION CHAMBER 

2, AND IS CARBONIZED AT 600°C FOR A SUFFICIENT LENGTH OF TIME. 

 FOR CARBONIZATION, USE CAN BE MADE OF HIGH-TEMPERATURE EXHAUST  

HIGH EFFICIENCY OPERATION WITH THE CARBON CONVERSION
EFFICIENCY  AT NOT LESS THAN 99.5% WAS FEASIBLE IN AN OXYGEN
RATIO RANGE  EXCEEDING 0.58. IN GENERAL, BIOMASS IS HIGH IN 0
CONTENT OF  FUEL, SO THAT THE HEATING VALUE THEREOF IS LOW
AS COMPARED WITH  FOSSIL FUEL. CONSEQUENTLY, CALCULATION
SHOWED THAT OPERATION  AT A HIGH OXYGEN RATIO EXCEEDING
0.58 WAS REQUIRED IN SPITE OF 28 THE OXYGEN-BLOWN TYPE IN
ORDER TO IMPLEMENT OPERATION WITH THE  TEMPERATURE
INSIDE THE GASIFIER 7, KEPT SUFFICIENTLY HIGH. IN  THIS CASE,
THE COLD GAS EFFICIENCY, AS ANOTHER INDEX OF HIGH
EFFICIENCY OPERATION, WAS 58.9%, AND THE GENERATED GAS
HEATING  VALUE BECAME AS LOW AS ABOUT 1000 KCAL / M3 N.
AIR-BLOWN TYPE ONE-STAGE ENTRAINED FLOW PROCESS [0087]
FIG. 5 SHOWS RESULTS OF THE CALCULATION OF THE CARBON
CONVERSION EFFICIENCY, AND GAS TEMPERATURE AT THE OUTLET
OF  THE GASIFIER IN THE CASE OF THE AIR-BLOWN TYPE. THE AIR
INPUT  TEMPERATURE WAS 250C. IN COMPARISON WITH THE CASE
OF THE  OXYGEN-BLOWN TYPE, BOTH THE CARBON CONVERSION
EFFICIENCY, AND  GAS TEMPERATURE UNDERGO DETERIORATION IN
OPERATION AT THE SAME  OXYGEN RATIO BECAUSE THE AMOUNT
OF NITROGEN INCREASES BY ABOUT  70 TIMES (PERCENTAGE OF
NITROGEN IN THE GASIFYING AGENT: 5%  -. 79%) IN OPERATION AT
THE SAME OXYGEN RATIO. CONSEQUENTLY,  IT WAS FOUND
IMPOSSIBLE TO ATTAIN A CARBON CONVERSION EFFICIENCY  IN
EXCESS OF 99%, EVEN WITH THE OXYGEN RATIO AT 0.80.
THEREFORE,  IT WAS DEEMED DIFFICULT TO EXECUTE AIR-BLOWN
GASIFICATION WITH  THE ONE-STAGE ENTRAINED FLOW PROCESS.
CARBONIZING-GASIFYING PROCESS [0088] A REVIEW WAS
CONDUCTED ON A PROCESS IN WHICH, IN ORDER  TO GASIFY
BIOMASS HAVING A HIGH WATER CONTENT BEFORE BEING
CHARGED INTO THE GASIFIER 7, THE FUEL WAS DECOMPOSED, BY A
PRETREATMENT PROCESS INSIDE THE CARBONIZATION CHAMBER 2,
INTO  THE CARBONIZED MATERIAL 4, COMPOSED MAINLY OF FIXED
CARBON,  



 30

GAS FROM A PROCESS DOWNSTREAM OF THE GASIFIER 7.  THE WATER 

CONTENT, AND VOLATILE MATTER ARE DISCHARGED OUT OF THE UPPER 

PART OF THE CARBONIZATION 

CHAMBER 2 DURING CARBONIZATION, AND AFTER SUFFICIENT 

CARBONIZATION, THE CARBONIZED MATERIAL 4, CONTAINING FIXED 

CARBON, ASH, AND A LITTLE VOLATILE MATTER, IS DISCHARGED FROM 

THE CARBONIZATION CHAMBER 2.  THUS, THE CARBONIZED MATERIAL 

4 AND THE PYROLYSIS GAS (VOLATILE GAS) 3, IN THE CARBONIZATION 

CHAMBER 2, ARE FED TO THE GASIFIER 7 VIA DIFFERENT PATHS.  , 

THERE IS THE NEED TO REVIEW HOW TO FEED THE GASIFIER 7 WITH 

THE CARBONIZED MATERIAL 4 AND THE PYROLYSIS GAS 3 IN ORDER TO 

DETERMINE THE OPTIMUM OPERATION CONDITIONS FOR GASIFICATION.  

[0090] IN REVIEWING THE OPTIMUM PROCESS, VOLATILIZATION 

CHARACTERISTICS OF CEDAR CHIPS WERE MEASURED TO DETERMINE TO 

WHAT EXTENT VOLATILE MATTER IN THE CEDAR CHIPS WOULD UNDERGO 

VOLATILIZATION.  AS A RESULT, IT WAS DETERMINED THAT 92.6% OF 

THE VOLATILE MATTER WAS VOLATILIZED AT 600°C.  ACCORDINGLY, 

IT WAS ASSUMED THAT THE CARBONIZED MATERIAL 4 CONTAINED 7.4% 

OF THE VOLATILE MATTER IN ADDITION TO FIXED CARBON AND ASH. 

 

 

 

ONE-STAGE CHARGE PROCESS  

[0091] FIRST, A REVIEW WAS CONDUCTED ON THE ONE-STAGE CHARGE 

PROCESS IN WHICH BOTH THE CARBONIZED MATERIAL 4, AND THE 

VOLATILE PYROLYSIS GAS 3, SEPARATED IN THE CARBONIZATION 

CHAMBER 2, ARE CHARGED INTO THE HIGH-TEMPERATURE GASIFICATION 

PART 8 ONLY.  IN THIS CASE, REVIEW WAS CONDUCTED ON THE 

EFFICIENCY OF A GASIFIER ALONE EXCLUDING THE CARBONIZATION 

CHAMBER 2.  AS WITH THE CASE OF REVIEWING THE ONE-STAGE, 

ENTRAINED FLOW, GASIFIER, THE REVIEW WAS CONDUCTED UNDER 

CONDITIONS THAT THE PRESSURE INSIDE THE GASIFIER WAS 

ATMOSPHERIC PRESSURE, THE GASIFIER CAPACITY WAS 100 T / D, THE 

VOLATILE PYROLYSIS GAS 3 CONTAINING WATER, AND VOLATILE
MATTER  IN THE FUEL. [0089] THE BIOMASS FUEL IS FED TO THE
CARBONIZATION CHAMBER  2, AND IS CARBONIZED AT 600C FOR A
SUFFICIENT LENGTH OF TIME.  FOR CARBONIZATION, USE CAN BE
MADE OF HIGH-TEMPERATURE EXHAUST 29 GAS FROM A PROCESS
DOWNSTREAM OF THE GASIFIER 7. THE WATER  CONTENT, AND
VOLATILE MATTER ARE DISCHARGED OUT OF THE UPPER  PART OF
THE CARBONIZATION CHAMBER 2 DURING CARBONIZATION, AND
AFTER SUFFICIENT  CARBONIZATION, THE CARBONIZED MATERIAL 4,
CONTAINING FIXED  CARBON, ASH, AND A LITTLE VOLATILE MATTER,
IS DISCHARGED FROM  THE CARBONIZATION CHAMBER 2. THUS, THE
CARBONIZED MATERIAL  4 AND THE PYROLYSIS GAS (VOLATILE GAS)
3, IN THE CARBONIZATION  CHAMBER 2, ARE FED TO THE GASIFIER 7
VIA DIFFERENT PATHS.  THERE IS THE NEED TO REVIEW HOW TO
FEED THE GASIFIER 7 WITH  THE CARBONIZED MATERIAL 4 AND THE
PYROLYSIS GAS 3 IN ORDER TO  DETERMINE THE OPTIMUM
OPERATION CONDITIONS FOR GASIFICATION.  [0090] IN REVIEWING
THE OPTIMUM PROCESS, VOLATILIZATION  CHARACTERISTICS OF
CEDAR CHIPS WERE MEASURED TO DETERMINE TO  WHAT EXTENT
VOLATILE MATTER IN THE CEDAR CHIPS WOULD UNDERGO
VOLATILIZATION. AS A RESULT, IT WAS DETERMINED THAT 92.6% OF
THE VOLATILE MATTER WAS VOLATILIZED AT 600C. ACCORDINGLY,
IT WAS ASSUMED THAT THE CARBONIZED MATERIAL 4 CONTAINED
7.4%  OF THE VOLATILE MATTER IN ADDITION TO FIXED CARBON AND
ASH. ONE-STAGE CHARGE PROCESS [0091] FIRST, A REVIEW WAS
CONDUCTED ON THE ONE-STAGE CHARGE  PROCESS IN WHICH
BOTH THE CARBONIZED MATERIAL 4, AND THE  VOLATILE PYROLYSIS
GAS 3, SEPARATED IN THE CARBONIZATION  CHAMBER 2, ARE
CHARGED INTO THE HIGH-TEMPERATURE GASIFICATION  PART 8
ONLY. IN THIS CASE, REVIEW WAS CONDUCTED ON THE  EFFICIENCY
OF A GASIFIER ALONE EXCLUDING THE CARBONIZATION  
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RETENTION TIME INSIDE THE GASIFIER WAS 5 SECONDS, AND  THE OXYGEN 

CONCENTRATION IN THE GASIFYING AGENT WAS 95%.  FIGS. 6 AND 7 

SHOW RESULTS OF CALCULATION. 

[0092] IN THIS CASE, THE INPUT TEMPERATURE ROSE TO 600°C 

BECAUSE THE BIOMASS FUEL 1 WAS SUBJECTED TO PRETREATMENT IN 

THE CARBONIZATION CHAMBER 2, AND GAS TEMPERATURE INSIDE THE 

GASIFIER 7 ROSE DUE TO LACK OF LATENT HEAT BECAUSE THE WATER 

CONTENT WAS FED AS VAPOR, SO THAT THE GASIFYING PERFORMANCES, 

SUCH AS THE CARBON CONVERSION EFFICIENCY, COLD GAS EFFICIENCY, 

AND SO FORTH, ARE ENHANCED ON THE BASIS OF THE SAME OXYGEN RATIO 

IN COMPARISON WITH THE ONE-STAGE ENTRAINED FLOW GASIFIER.  

(REFER TO FIGS. 3 AND 4).  IT WAS FOUND FROM CALCULATION THAT 

THE CARBON CONVERSION EFFICIENCY WAS AT NOT LESS THAN 99.5% 

IN A RANGE OF THE OXYGEN RATIO EXCEEDING 0.27, AND THE COLD 

GAS EFFICIENCY AT THAT TIME WAS AT A HIGH VALUE IN EXCESS OF 

85%. 

[0093] NEXT, REVIEW WAS CONDUCTED WITH THE AIR-BLOWN TYPE. 

 FOR COMPARISON WITH THE CASE OF THE ONE-STAGE ENTRAINED FLOW 

GASIFIER, THE AIR INPUT TEMPERATURE WAS 250°C.  FIGS. 8 AND 

9 SHOW THE RESULTS OF CALCULATION.  AS IN THE CASE OF THE 

OXYGEN-BLOWN TYPE, THE RISE IN GAS TEMPERATURE INSIDE THE 

GASIFIER 7 IS ACCOMPANIED BY ENHANCEMENT IN CARBON CONVERSION 

EFFICIENCY, AND COLD GAS EFFICIENCY IN OPERATION, AT THE SAME 

OXYGEN RATIO AS COMPARED WITH THE ONE-STAGE, ENTRAINED FLOW, 

GASIFIER, THEREBY ENABLING HIGH EFFICIENCY OPERATION EVEN WITH 

THE AIR-BLOWN TYPE.  CALCULATION RESULTS SHOWED THAT HIGH 

EFFICIENCY OPERATION, WITH THE CARBON CONVERSION EFFICIENCY 

AT NOT LESS THAN 99.5%, WAS FEASIBLE WITH AN OXYGEN RATIO NOT 

LESS THAN 0.43.  HOWEVER, THE COLD GAS EFFICIENCY IN THIS CASE 

WAS 67.8%, AND THE GENERATED GAS HEATING VALUE BECAME AS LOW 

AS ABOUT 840 KCAL / M3 N. 

 

TWO-STAGE CHARGE PROCESS 

CHAMBER 2. AS WITH THE CASE OF REVIEWING THE ONE-STAGE,
ENTRAINED FLOW, GASIFIER, THE REVIEW WAS CONDUCTED UNDER
CONDITIONS THAT THE PRESSURE INSIDE THE GASIFIER WAS
ATMOSPHERIC PRESSURE, THE GASIFIER CAPACITY WAS 100 T / D,
THE 30 RETENTION TIME INSIDE THE GASIFIER WAS 5 SECONDS, AND
THE OXYGEN  CONCENTRATION IN THE GASIFYING AGENT WAS 95%.
FIGS. 6 AND 7  SHOW RESULTS OF CALCULATION. [0092] IN THIS
CASE, THE INPUT TEMPERATURE ROSE TO 600C  BECAUSE THE
BIOMASS FUEL 1 WAS SUBJECTED TO PRETREATMENT IN  THE
CARBONIZATION CHAMBER 2, AND GAS TEMPERATURE INSIDE THE
GASIFIER 7 ROSE DUE TO LACK OF LATENT HEAT BECAUSE THE
WATER  CONTENT WAS FED AS VAPOR, SO THAT THE GASIFYING
PERFORMANCES,  SUCH AS THE CARBON CONVERSION EFFICIENCY,
COLD GAS EFFICIENCY,  AND SO FORTH, ARE ENHANCED ON THE
BASIS OF THE SAME OXYGEN RATIO  IN COMPARISON WITH THE
ONE-STAGE ENTRAINED FLOW GASIFIER.  (REFER TO FIGS. 3 AND 4) .
IT WAS FOUND FROM CALCULATION THAT  THE CARBON
CONVERSION EFFICIENCY WAS AT NOT LESS THAN 99.5%  IN A
RANGE OF THE OXYGEN RATIO EXCEEDING 0.27, AND THE COLD
GAS EFFICIENCY AT THAT TIME WAS AT A HIGH VALUE IN EXCESS OF
85%. [0093] NEXT, REVIEW WAS CONDUCTED WITH THE AIR-BLOWN
TYPE.  FOR COMPARISON WITH THE CASE OF THE ONE-STAGE
ENTRAINED FLOW  GASIFIER, THE AIR INPUT TEMPERATURE WAS
250C. FIGS. 8 AND  9 SHOW THE RESULTS OF CALCULATION. AS IN
THE CASE OF THE  OXYGEN-BLOWN TYPE, THE RISE IN GAS
TEMPERATURE INSIDE THE  GASIFIER 7 IS ACCOMPANIED BY
ENHANCEMENT IN CARBON CONVERSION  EFFICIENCY, AND COLD
GAS EFFICIENCY IN OPERATION, AT THE SAME  OXYGEN RATIO AS
COMPARED WITH THE ONE-STAGE, ENTRAINED FLOW,  GASIFIER,
THEREBY ENABLING HIGH EFFICIENCY OPERATION EVEN WITH  THE
AIR-BLOWN TYPE. CALCULATION RESULTS SHOWED THAT HIGH
EFFICIENCY OPERATION, WITH THE CARBON CONVERSION
EFFICIENCY  
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[0094] NEXT, A REVIEW WAS CONDUCTED ON THE TWO-STAGE CHARGE 

PROCESS IN WHICH THE CARBONIZED MATERIAL 4 SEPARATED IN THE 

CARBONIZATION CHAMBER 2 IS CHARGED INTO THE HIGH-TEMPERATURE 

GASIFICATION PART 8, AND THE VOLATILE PYROLYSIS GAS 3 IS CHARGED 

INTO THE GAS REFORMER (REDUCTOR) 7.  THE GASIFYING AGENT 5 WAS 

CHARGED INTO THE HIGH-TEMPERATURE GASIFICATION PART 8 ONLY, 

WHEREUPON A HIGH TEMPERATURE COMBUSTION ZONE WAS FORMED IN THE 

HIGH-TEMPERATURE GASIFICATION PART 8 DUE TO REACTION TAKING 

PLACE BETWEEN THE CARBONIZED MATERIAL 4 AND THE GASIFYING AGENT 

5, WHILE THE GAS REFORMING REACTION WAS BASED MAINLY ON A SHIFT 

REACTION PROCEEDING IN THE GAS REFORMER 9 DUE TO WATER CONTENT 

AND VOLATILE MATTER CHARGED INTO THE GAS REFORMER 9.  FIGS. 

10 AND 11 SHOW RESULTS OF CALCULATION.  THE RETENTION TIME WAS 

SET TO 3 SECONDS INSIDE THE HIGH-TEMPERATURE GASIFICATION PART 

8, AND TO 1 SECOND INSIDE THE GAS REFORMER 9.  IN THIS CASE, 

IT WAS DEEMED DIFFICULT TO EXECUTE OXYGEN-BLOWN OPERATION FOR 

THE FOLLOWING REASONS.  FIRST, THE HIGH-TEMPERATURE 

GASIFICATION PART 8 IS TURNED INTO THE HIGH TEMPERATURE 

COMBUSTION ZONE AT A TEMPERATURE IN EXCESS OF 3000°C.  SECONDLY, 

THE QUANTITY OF THE VOLATILE GAS FED FROM THE CARBONIZATION 

CHAMBER 2 IS LARGE IN RELATION TO THE FLOW RATE OF GAS FROM

THE HIGH-TEMPERATURE GASIFICATION PART 8 TO THE GAS REFORMER 

9, AND A RAPID DROP IN TEMPERATURE OCCURS INSIDE THE GAS REFORMER 

9, THEREBY RENDERING IT IMPOSSIBLE TO KEEP THE TEMPERATURE AT 

THE OUTLET OF THE GASIFIER AT A LEVEL OF AT LEAST 1100°C.  

ACCORDINGLY, THE REVIEW WAS CONDUCTED ONLY ON THE CASE OF THE 

AIR-BLOWN TYPE.  

[0095] IT WAS EXPECTED FROM FIGS. 10 AND 11 THAT HIGH 

EFFICIENCY OPERATION WITH A CARBON CONVERSION EFFICIENCY NOT 

LESS THAN 99.5% WAS ALREADY FEASIBLE IN OPERATION WITH AN 

ULTRA-LOW OXYGEN RATIO AT 0.14.  AT THIS POINT IN TIME, THE 

OXYGEN RATIO OF THE HIGH-TEMPERATURE GASIFICATION PART 8 ALONE 

WAS 0.56.  HOWEVER, THE TEMPERATURE AT THE OUTLET OF THE GASIFIER 

AT NOT LESS THAN 99.5%, WAS FEASIBLE WITH AN OXYGEN RATIO
NOT  LESS THAN 0.43. HOWEVER, THE COLD GAS EFFICIENCY IN THIS
CASE  WAS 67.8%, AND THE GENERATED GAS HEATING VALUE
BECAME AS LOW  AS ABOUT 840 KCAL / M3 N. TWO-STAGE CHARGE
PROCESS 31 [ 00941 NEXT, A REVIEW WAS CONDUCTED ON THE
TWO-STAGE CHARGE  PROCESS IN WHICH THE CARBONIZED
MATERIAL 4 SEPARATED IN THE  CARBONIZATION CHAMBER 2 IS
CHARGED INTO THE HIGH-TEMPERATURE  GASIFICATION PART 8,
AND THE VOLATILE PYROLYSIS GAS 3 IS CHARGED  INTO THE GAS
REFORMER (REDUCTOR) 7. THE GASIFYING AGENT 5 WAS  CHARGED
INTO THE HIGH-TEMPERATURE GASIFICATION PART 8 ONLY,
WHEREUPON A HIGH TEMPERATURE COMBUSTION ZONE WAS
FORMED IN THE  HIGH-TEMPERATURE GASIFICATION PART 8 DUE TO
REACTION TAKING  PLACE BETWEEN THE CARBONIZED MATERIAL 4
AND THE GASIFYING AGENT  5, WHILE THE GAS REFORMING
REACTION WAS BASED MAINLY ON A SHIFT  REACTION PROCEEDING
IN THE GAS REFORMER 9 DUE TO WATER CONTENT  AND VOLATILE
MATTER CHARGED INTO THE GAS REFORMER 9. FIGS.  10 AND 11
SHOW RESULTS OF CALCULATION. THE RETENTION TIME WAS  SET
TO 3 SECONDS INSIDE THE H I GH- TEMPERATURE GASIFICATION
PART  8, AND TO 1 SECOND INSIDE THE GAS REFORMER 9. IN THIS
CASE,  IT WAS DEEMED DIFFICULT TO EXECUTE OXYGEN-BLOWN
OPERATION FOR  THE FOLLOWING REASONS. FIRST, THE
HIGH-TEMPERATURE GASIFICATION PART 8 IS TURNED INTO THE
HIGH TEMPERATURE  COMBUSTION ZONE AT A TEMPERATURE IN
EXCESS OF 30000C. SECONDLY,  THE QUANTITY OF THE VOLATILE
GAS FED FROM THE CARBONIZATION  CHAMBER 2 IS LARGE IN
RELATION TO THE FLOW RATE OF GAS FROM  THE
HIGH-TEMPERATURE GASIFICATION PART 8 TO THE GAS REFORMER
9, AND A RAPID DROP IN TEMPERATURE OCCURS INSIDE THE GAS
REFORMER  9, THEREBY RENDERING IT IMPOSSIBLE TO KEEP THE
TEMPERATURE AT  THE OUTLET OF THE GASIFIER AT A LEVEL OF AT
LEAST 11000C.  ACCORDINGLY, THE REVIEW WAS CONDUCTED ONLY
ON THE CASE OF THE  
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WAS ABOUT 900°C, A TEMPERATURE AT WHICH THERE WAS A CONCERN 

ABOUT FORMATION OF TAR.  MEANWHILE, THE TEMPERATURE AT THE 

OUTLET OF THE GASIFIER REACHES 1100°C WITH AN OXYGEN RATIO AT 

0.20, AND, AT THIS POINT IN TIME, THE TEMPERATURE AT THE OUTLET 

OF THE HIGH-TEMPERATURE GASIFICATION PART 8 WAS CALCULATED AT 

2200°C, AND THIS WAS DEEMED TO REPRESENT AN INOPERABLE OXYGEN 

RATIO CONDITION WHEN THE HEAT RESISTANCE OF THE FURNACE WALL 

IS TAKEN INTO ACCOUNT. 

[0096] BASED ON CALCULATION, THE TEMPERATURE AT THE OUTLET 

OF THE HIGH-TEMPERATURE GASIFICATION PART 8 IS EXPECTED TO 

EXCEED 2000°C AT AN OXYGEN RATIO 0.17, AND, AT THAT TIME, THE 

TEMPERATURE AT THE OUTLET OF THE GASIFIER IS 1030°C, WHICH BELOW 

1100°C, THE TEMPERATURE REGARDED AS A GUIDE FOR STABLE 

OPERATION.  THAT IS BECAUSE, IN RELATION TO THE FLOW RATE OF 

THE GAS FROM THE HIGH-TEMPERATURE GASIFICATION PART 8 AT ABOUT 

2300 M3 N/H, THE FLOW RATE OF THE VOLATILE GAS FED FROM THE 

CARBONIZATION CHAMBER 2 TO THE GAS REFORMER 9 IS ABOUT 5400 

M3 N/H, EQUIVALENT TO NEARLY 2.5 TIMES AS MUCH AS THE FORMER, 

SO THAT THE TEMPERATURE OF THE GAS FROM THE HIGH-TEMPERATURE 

GASIFICATION PART 8, AT ABOUT 2000°C, IS RAPIDLY LOWERED.  

ACCORDINGLY IT WAS DEEMED DIFFICULT TO IMPLEMENT STABLE 

OPERATION WITH THIS PROCESS WHEN THE TEMPERATURE AT THE OUTLET 

OF THE HIGH-TEMPERATURE GASIFICATION PART 8, AND THE 

TEMPERATURE AT THE OUTLET OF THE GASIFIER 7 ARE TAKEN INTO 

ACCOUNT. 

 

PROCESS OF AIR CHARGE TO THE GAS REFORMER (REDUCTOR)  

[0097] WITH THE TWO-STAGE CHARGE PROCESS, HIGH CARBON 

CONVERSION EFFICIENCY IS OBTAINABLE IN OPERATION AT A LOW OXYGEN 

RATIO IN COMPARISON WITH THE ONE-STAGE, ENTRAINED FLOW, PROCESS 

AND THE ONE-STEP CHARGE PROCESS, SO THAT THE TWO-STAGE CHARGE 

PROCESS IS CONSIDERED TO BE AN EFFECTIVE PROCESS WHEN HIGH 

EFFICIENCY OPERATION IS DESIRED.  ACCORDINGLY, A REVIEW WAS 

CONDUCTED ON A PROCESS IN WHICH AIR 6 IS CHARGED INTO THE GAS 

AIR-BLOWN TYPE. [0095] IT WAS EXPECTED FROM FIGS. 10 AND 11
THAT HIGH  EFFICIENCY OPERATION WITH A CARBON CONVERSION
EFFICIENCY NOT  LESS THAN 99.5% WAS ALREADY FEASIBLE IN
OPERATION WITH AN  ULTRA-LOW OXYGEN RATIO AT 0.14. AT THIS
POINT IN TIME, THE  OXYGEN RATIO OF THE H I GH- TEMPERATURE
GASIFICATION PART 8 ALONE  WAS 0. 56. HOWEVER, THE
TEMPERATURE AT THE OUTLET OF THE GASIFIER 32 WAS ABOUT
900-C, A TEMPERATURE AT WHICH THERE WAS A CONCERN  ABOUT
FORMATION OF TAR. MEANWHILE, THE TEMPERATURE AT THE
OUTLET OF THE GASIFIER REACHES 11000C WITH AN OXYGEN RATIO
AT  0.20, AND, AT THIS POINT IN TIME, THE TEMPERATURE AT THE
OUTLET  OF THE H I GH- TEMPERATURE GASIFICATION PART 8 WAS
CALCULATED AT  22000C, AND THIS WAS DEEMED TO REPRESENT AN
INOPERABLE OXYGEN  RATIO CONDITION WHEN THE HEAT
RESISTANCE OF THE FURNACE WALL  IS TAKEN INTO ACCOUNT.
[0096] BASED ON CALCULATION, THE TEMPERATURE AT THE OUTLET
OF THE HIGH-TEMPERATURE GASIFICATION PART 8 IS EXPECTED TO
EXCEED 20000C AT AN OXYGEN RATIO 0.17, AND, AT THAT TIME, THE
TEMPERATURE AT THE OUTLET OF THE GASIFIER IS 10300C, WHICH
BELOW  11000C, THE TEMPERATURE REGARDED AS A GUIDE FOR
STABLE  OPERATION. THAT IS BECAUSE, IN RELATION TO THE FLOW
RATE OF  THE GAS FROM THE H I GH- TEMPERATURE GASIFICATION
PART 8 AT ABOUT  2300 M 3 N/H, THE FLOW RATE OF THE VOLATILE
GAS FED FROM THE  CARBONIZATION CHAMBER 2 TO THE GAS
REFORMER 9 IS ABOUT 5400  M 3 N/H, EQUIVALENT TO NEARLY 2.5
TIMES AS MUCH AS THE FORMER,  SO THAT THE TEMPERATURE OF
THE GAS FROM THE HIGH-TEMPERATURE  GASIFICATION PART 8, AT
ABOUT 20000C, IS RAPIDLY LOWERED.  ACCORDINGLY IT WAS
DEEMED DIFFICULT TO IMPLEMENT STABLE  OPERATION WITH THIS
PROCESS WHEN THE TEMPERATURE AT THE OUTLET  OF THE
HIGH-TEMPERATURE GASIFICATION PART 8, AND THE
TEMPERATURE AT THE OUTLET OF THE GASIFIER 7 ARE TAKEN INTO
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REFORMER 9, AND CO AND H2, WHICH ARE THE COMBUSTIBLE GAS FROM 

THE HIGH-TEMPERATURE GASIFICATION PART 8, ARE CAUSED TO UNDERGO 

COMBUSTION, THEREBY RAISING THE GAS TEMPERATURE INSIDE THE GAS 

REFORMER 9 IN ORDER TO RAISE THE TEMPERATURE AT THE OUTLET OF 

THE GASIFIER TO NOT LOWER THAN 1100°C WHILE KEEPING THE 

TEMPERATURE AT THE OUTLET OF THE HIGH-TEMPERATURE GASIFICATION 

PART 8 AT A LEVEL NOT HIGHER THAN 2000°C.  

[0098] BECAUSE IT IS NECESSARY TO OPERATE WITH AN OXYGEN 

RATIO AT NOT MORE THAN 0.16 (COMBUSTOR OXYGEN RATIO AT MORE 

THAN 0.64) IN ORDER TO PREVENT THE TEMPERATURE AT THE OUTLET 

OF THE HIGH-TEMPERATURE GASIFICATION PART 8 FROM GOING HIGHER 

THAN 2000°C, AS SHOWN IN FIG. 10, IT WAS DECIDED TO INCREASE 

THE OVERALL OXYGEN RATIO, WITH THE COMBUSTOR OXYGEN RATIO FIXED 

AT 0.64.  FIG. 12 SHOWS THE RESULTS OF CALCULATION OF THE CARBON 

CONVERSION EFFICIENCY, AND GAS TEMPERATURE. 

[0099] THE RESULTS OF THE CALCULATION SHOW THAT IT WAS 

POSSIBLE TO RAISE THE TEMPERATURE AT THE OUTLET OF THE GASIFIER 

TO A LEVEL OF AT LEAST 1100°C WITH THE OVERALL OXYGEN RATIO 

NOT LESS THAN 0.20.  WHEN COMPARED WITH THE ONE-STAGE CHARGE 

PROCESS AS SHOW IN FIGS. 6 AND 7, IT WAS EVIDENT THAT HIGH 

EFFICIENCY OPERATION WAS FEASIBLE AT A STILL LOWER OXYGEN RATIO. 

 IN THIS CASE, A CARBON CONVERSION EFFICIENCY OF 99.8%, AND 

A COLD GAS EFFICIENCY AT A HIGH VALUE EXCEEDING 85%, WERE 

OBTAINED. 

[0100] IT HAS TURNED OUT THAT A PROCESS IN WHICH THE 

CARBONIZED MATERIAL 4 FROM THE CARBONIZATION CHAMBER 2 IS 

CHARGED INTO THE HIGH-TEMPERATURE GASIFICATION PART 8, THE 

VOLATILE PYROLYSIS GAS 3 IS CHARGED INTO THE GAS REFORMER 9, 

THE COMBUSTOR OXYGEN RATIO IS SET LOW IN ORDER TO RENDER THE 

HEAT LOAD ON THE FURNACE WALL OF THE HIGH-TEMPERATURE 

GASIFICATION PART 8 AS LOW AS POSSIBLE, AND FURTHER, THE AIR 

6 IS CHARGED INTO THE GAS REFORMER 9 SUCH THAT THE TEMPERATURE 

AT THE OUTLET OF THE GASIFIER 7 AT THE SUITABLE TEMPERATURE (NOT 

ACCOUNT. PROCESS OF AIR CHARGE TO THE GAS REFORMER
(REDUCTOR)  [00971 WITH THE TWO-STAGE CHARGE PROCESS, HIGH
CARBON  CONVERSION EFFICIENCY IS OBTAINABLE IN OPERATION
AT A LOW OXYGEN  RATIO IN COMPARISON WITH THE ONE-STAGE,
ENTRAINED FLOW, PROCESS  AND THE ONE-STEP CHARGE
PROCESS, SO THAT THE TWO-STAGE CHARGE  PROCESS IS
CONSIDERED TO BE AN EFFECTIVE PROCESS WHEN HIGH
EFFICIENCY OPERATION IS DESIRED. ACCORDINGLY, A REVIEW WAS
CONDUCTED ON A PROCESS IN WHICH AIR 6 IS CHARGED INTO THE
GAS 33 REFORMER 9, AND CO AND H2, WHICH ARE THE
COMBUSTIBLE GAS FROM  THE HIGH-TEMPERATURE GASIFICATION
PART 8, ARE CAUSED TO UNDERGO  COMBUSTION, THEREBY
RAISING THE GAS TEMPERATURE INSIDE THE GAS  REFORMER 9 IN
ORDER TO RAISE THE TEMPERATURE AT THE OUTLET OF  THE
GASIFIER TO NOT LOWER THAN 1100C WHILE KEEPING THE
TEMPERATURE AT THE OUTLET OF THE HIGH-TEMPERATURE
GASIFICATION  PART 8 AT A LEVEL NOT HIGHER THAN 2000C. [0098]
BECAUSE IT IS NECESSARY TO OPERATE WITH AN OXYGEN  RATIO
AT NOT MORE THAN 0.16 (COMBUSTOR OXYGEN RATIO AT MORE
THAN 0.64) IN ORDER TO PREVENT THE TEMPERATURE AT THE
OUTLET  OF THE HIGH-TEMPERATURE GASIFICATION PART 8 FROM
GOING HIGHER  THAN 2000C, AS SHOWN IN FIG. 10, IT WAS DECIDED
TO INCREASE  THE OVERALL OXYGEN RATIO, WITH THE COMBUSTOR
OXYGEN RATIO FIXED  AT 0.64. FIG. 12 SHOWS THE RESULTS OF
CALCULATION OF THE CARBON  CONVERSION EFFICIENCY, AND GAS
TEMPERATURE. [0099] THE RESULTS OF THE CALCULATION SHOW
THAT IT WAS  POSSIBLE TO RAISE THE TEMPERATURE AT THE
OUTLET OF THE GASIFIER  TO A LEVEL OF AT LEAST 1100C WITH THE
OVERALL OXYGEN RATIO  NOT LESS THAN 0.20. WHEN COMPARED
WITH THE ONE-STAGE CHARGE  PROCESS AS SHOW IN FIGS. 6 AND
7, IT WAS EVIDENT THAT HIGH  EFFICIENCY OPERATION WAS
FEASIBLE AT A STILL LOWER OXYGEN RATIO. IN THIS CASE, A
CARBON CONVERSION EFFICIENCY OF 99.8%, AND  
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LOWER THAN 1100°C), IS SUITABLE FOR THE CASE WHERE CEDAR CHIPS 

ARE USED IN THE CARBONIZING-GASIFYING PROCESS.  

[0101] NEXT, IN ORDER TO CONDUCT A REVIEW ON THE EFFECT OF 

THE COMBUSTOR OXYGEN RATIO, VARIATION IN GASIFYING PERFORMANCE 

WAS SOUGHT AFTER WITH THE OVERALL OXYGEN RATIO KEPT CONSTANT 

AT 0.20.  FIGS. 13 AND 14 SHOW THE RESULTS OF THE REVIEW.  WHEN 

THE COMBUSTOR OXYGEN RATIO WAS LOWERED WITHOUT VARYING THE 

OVERALL OXYGEN RATIO, IT WAS OBSERVED THAT THERE WAS LITTLE 

CHANGE IN THE TEMPERATURE AT THE OUTLET OF THE GASIFIER, WHILE 

THERE WAS A TENDENCY FOR THE TEMPERATURE AT THE OUTLET OF THE 

COMBUSTOR, AND THE CARBON CONVERSION EFFICIENCY, TO BECOME 

LOWER.  THE COMBUSTOR OXYGEN RATIO IS PREFERABLY AS LOW AS 

POSSIBLE WHEN THE HEAT LOAD ON THE FURNACE WALL IS CONSIDERED, 

AND IT WAS EXPECTED FROM FIGS. 13 AND 14 THAT GASIFYING 

PERFORMANCE WITH THE CARBON CONVERSION EFFICIENCY, AS AN INDEX 

OF HIGH EFFICIENCY OPERATION, AT NOT LESS THAN 99.5%, WAS 

OBTAINABLE WITH THE COMBUSTOR OXYGEN RATIO AT NOT LESS THAN 

0.56.  

[0102] IT WAS EXPECTED FROM THE RESULTS DESCRIBED ABOVE, 

THAT THE CONDITIONS UNDER WHICH THE GAS TEMPERATURE INSIDE THE 

COMBUSTOR CAN BE RENDERED AS LOW AS POSSIBLE, WHEN THE COMBUSTOR 

OXYGEN RATIO IS AT 0.56, THAT IS, THE OXYGEN RATIO ENABLING 

HIGH EFFICIENCY OPERATION, AND THE OVERALL OXYGEN RATIO IS AT 

0.20, WOULD REPRESENT THE OPTIMUM OPERATION CONDITIONS WHEN 

USING CEDAR CHIPS.  

 

REVIEW ON WASTE GASIFYING PROCESS  

[0103] A REVIEW WAS CONDUCTED ON A HIGH-EFFICIENCY WASTE 

GASIFYING PROCESS USING WASTE AS FUEL INSTEAD OF CEDAR CHIPS. 

 THE WASTE USED WAS TYPICAL MUNICIPAL SOLID WASTE, AND THE 

PROPERTY THEREOF IS SHOWN IN TABLE 4.  SINCE SEVERAL PERCENT 

OF ASH IS CONTAINED IN THE WASTE, IN CONTRAST WITH THE CEDAR 

CHIPS SO FAR REVIEWED, THE REVIEW WAS CONDUCTED ON THE 

A COLD GAS EFFICIENCY AT A HIGH VALUE EXCEEDING 85%, WERE
OBTAINED. [0100] IT HAS TURNED OUT THAT A PROCESS IN WHICH
THE  CARBONIZED MATERIAL 4 FROM THE CARBONIZATION
CHAMBER 2 IS  CHARGED INTO THE HIGH-TEMPERATURE
GASIFICATION PART 8, THE  VOLATILE PYROLYSIS GAS 3 IS
CHARGED INTO THE GAS REFORMER 9,  THE COMBUSTOR OXYGEN
RATIO IS SET LOW IN ORDER TO RENDER THE  HEAT LOAD ON THE
FURNACE WALL OF THE HIGH-TEMPERATURE  GASIFICATION PART 8
AS LOW AS POSSIBLE, AND FURTHER, THE AIR  6 IS CHARGED INTO
THE GAS REFORMER 9 SUCH THAT THE TEMPERATURE  AT THE
OUTLET OF THE GASIFIER 7 AT THE SUITABLE TEMPERATURE (NOT
34 LOWER THAN 1100C), IS SUITABLE FOR THE CASE WHERE CEDAR
CHIPS  ARE USED IN THE CARBONIZING-GASIFYING PROCESS. [0101]
NEXT, IN ORDER TO CONDUCT A REVIEW ON THE EFFECT OF  THE
COMBUSTOR OXYGEN RATIO, VARIATION IN GASIFYING
PERFORMANCE  WAS SOUGHT AFTER WITH THE OVERALL OXYGEN
RATIO KEPT CONSTANT  AT 0.20. FIGS. 13 AND 14 SHOW THE
RESULTS OF THE REVIEW. WHEN  THE COMBUSTOR OXYGEN RATIO
WAS LOWERED WITHOUT VARYING THE  OVERALL OXYGEN RATIO, IT
WAS OBSERVED THAT THERE WAS LITTLE  CHANGE IN THE
TEMPERATURE AT THE OUTLET OF THE GASIFIER, WHILE  THERE
WAS A TENDENCY FOR THE TEMPERATURE AT THE OUTLET OF THE
COMBUSTOR, AND THE CARBON CONVERSION EFFICIENCY, TO
BECOME  LOWER. THE COMBUSTOR OXYGEN RATIO IS PREFERABLY
AS LOW AS  POSSIBLE WHEN THE HEAT LOAD ON THE FURNACE
WALL IS CONSIDERED,  AND IT WAS EXPECTED FROM FIGS. 13 AND
14 THAT GASIFYING  PERFORMANCE WITH THE CARBON
CONVERSION EFFICIENCY, AS AN INDEX  OF HIGH EFFICIENCY
OPERATION, AT NOT LESS THAN 99.5%, WAS  OBTAINABLE WITH THE
COMBUSTOR OXYGEN RATIO AT NOT LESS THAN  0.56. [0102] IT WAS
EXPECTED FROM THE RESULTS DESCRIBED ABOVE,  THAT THE
CONDITIONS UNDER WHICH THE GAS TEMPERATURE INSIDE THE  
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ASSUMPTION THAT THE ASH IS MELTED IN THE GASIFIER 7 IN ORDER 

TO BE DISCHARGED AS SLAG.  AS MEASURED DATA ON THE MELTING POINT 

OF THE ASH ARE UNAVAILABLE, THE MELTING POINT WAS ASSUMED TO 

BE 1600°C. 
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* ASSUMED MELTING POINT OF ASH: 1600°C 

 

[0104] AS A RESULT OF THE REVIEW USING THE CEDAR CHIPS, IT 

WAS DETERMINED THAT HIGH EFFICIENCY OPERATION WAS FEASIBLE WITH 

THE USE OF THE CARBONIZING-GASIFYING PROCESS, FOR CHARGING THE 

CARBONIZED MATERIAL 4 INTO THE HIGH-TEMPERATURE GASIFICATION 

PART 8, AND THE VOLATILE PYROLYSIS GAS 3 INTO THE GAS REFORMER 

9, SO THAT REVIEW WAS FIRST CONDUCTED ON THE CASE OF CHARGING 

AIR AS THE GASIFYING AGENT 5 INTO THE HIGH-TEMPERATURE 

GASIFICATION PART 8 ONLY. FIGS. 15 AND 16 SHOW RESULTS OF 

CALCULATION.  FUEL THROUGHPUT WAS SET TO 100 T/D AS WITH THE 

COMBUSTOR CAN BE RENDERED AS LOW AS POSSIBLE, WHEN THE
COMBUSTOR  OXYGEN RATIO IS AT 0.56, THAT IS, THE OXYGEN
RATIO ENABLING  HIGH EFFICIENCY OPERATION, AND THE OVERALL
OXYGEN RATIO IS AT  0.20, WOULD REPRESENT THE OPTIMUM
OPERATION CONDITIONS WHEN  USING CEDAR CHIPS. REVIEW ON
WASTE GASIFYING PROCESS [0103] A REVIEW WAS CONDUCTED ON
A HIGH-EFFICIENCY WASTE  GASIFYING PROCESS USING WASTE AS
FUEL INSTEAD OF CEDAR CHIPS.  THE WASTE USED WAS TYPICAL
MUNICIPAL SOLID WASTE, AND THE PROPERTY THEREOF IS SHOWN
IN TABLE 4. SINCE SEVERAL PERCENT  OF ASH IS CONTAINED IN THE
WASTE, IN CONTRAST WITH THE CEDAR  CHIPS SO FAR REVIEWED,
THE REVIEW WAS CONDUCTED ON THE 35 ASSUMPTION THAT THE
ASH IS MELTED IN THE GASIFIER 7 IN ORDER  TO BE DISCHARGED AS
SLAG. AS MEASURED DATA ON THE MELTING POINT  OF THE ASH
ARE UNAVAILABLE, THE MELTING POINT WAS ASSUMED TO  BE
1600C. TABLE 4 ITEM CONTENT (%)CH0NSCLASH WATER FIXED
TCONTENCARBON WOOD CHIP4.45.629.70.10.10.15.015.013.0
30,038.25.435.90.40.00.15.015.08.9 WASTE
PAPER40.25.830.73.10.10.15.015.021.2 15.072.08.67.24.80.52.92.02.02.0
WASTE FIBER30.73.80.00.00.045.512.08.o9.9
15.085.57.60.00.51.40.01.045.05.5 WASTE
PLASTICS21.22.714.10.00.00.01.026o.o6.4
19.01.50.21.10.20.00.017.080.01.5 WASTE PVC 1.0 WASTE RUBBER 
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CASE WITH CEDAR CHIPS.  HOWEVER, AS FOR THE VOLATILIZATION RATIO 

IN THE CARBONIZATION CHAMBER 2, PROPORTIONS BY WEIGHT OF THE 

CARBONIZED MATERIAL 4 TO THE PYROLYSIS GAS 3 WERE SET 

TO 40 : 60 BY USE OF MEASURED  

VALUES OBTAINED WHEN CARBONIZATION WAS ACTUALLY CARRIED OUT 

AT OKADORA CO. LTD.,  THE MANUFACTURER OF CARBONIZERS. 

[0105] IN COMPARISON WITH THE CASE OF THE CEDAR CHIPS (REFER 

TO FIGS. 10 AND 11), A RAPID DROP IN GAS TEMPERATURE IN THE 

GAS REFORMER 9 IS NOT OBSERVED, BECAUSE THE VOLATILIZATION RATIO 

IN THE CARBONIZATION CHAMBER 2 DECREASED.  FURTHERMORE, A 

COMBUSTOR OXYGEN RATIO IN RELATION TO AN OVERALL OXYGEN RATIO 

BECAME LOWER BECAUSE THE QUANTITY OF THE CARBONIZED MATERIAL 

4 CHARGED INTO THE HIGH-TEMPERATURE GASIFICATION PART 8 

INCREASED.  IT WAS DETERMINED FROM THE FOREGOING THAT NO 

SUPER-HIGH TEMPERATURE REGION WAS FORMED IN THE 

HIGH-TEMPERATURE GASIFICATION PART 8, AND THERE EXISTED AN 

OXYGEN RATIO CONDITION AT WHICH THE COMBUSTOR TEMPERATURE WAS 

NOT HIGHER THAN 2000°C, AND THE GAS TEMPERATURE AT THE OUTLET 

OF THE GASIFIER WAS NOT LOWER THAN 1100°C, A TEMPERATURE 

REGARDED WITHIN THE STABLE OPERATION RANGE.  BASED ON 

CALCULATION, THE CARBON CONVERSION EFFICIENCY WAS EXPECTED TO 

BE AT NOT LESS THAN 99.5%, WITH THE OVERALL OXYGEN RATIO AT 

NOT LESS THAN 0.32.  IN THIS CASE, A VALUE EXCEEDING 75% WAS 

OBTAINED FOR THE COLD GAS EFFICIENCY, WHICH IS THE TARGET VALUE.  

[0106] FURTHERMORE, SINCE, WITH THE OVERALL OXYGEN RATIO 

AT NOT LESS THAN 0.32, THE TEMPERATURE AT THE OUTLET OF THE 

HIGH-TEMPERATURE GASIFICATION PART 8 IS AT NOT LOWER THAN 

1600°C, IT IS DEEMED THAT ASH CONTAINED IN THE WASTE USED IN 

THE REVIEW CAN BE SATISFACTORILY MELTED AND DISCHARGED FROM 

THE HIGH-TEMPERATURE GASIFICATION PART 8 OF THE GASIFIER.  

 

CONCLUSION   

0.1 GARBAGE 10.0 SLUDGE 9.9 TOTAL
100.041.45.321.81.50.11.15.423.49.8 * ASSUMED MELTING POINT OF
ASH: 1600C [0104] AS A RESULT OF THE REVIEW USING THE CEDAR
CHIPS, IT  WAS DETERMINED THAT HIGH EFFICIENCY OPERATION
WAS FEASIBLE WITH  THE USE OF THE CARBONIZING-GASIFYING
PROCESS, FOR CHARGING THE  CARBONIZED MATERIAL 4 INTO THE
HIGH-TEMPERATURE GASIFICATION  PART 8, AND THE VOLATILE
PYROLYSIS GAS 3 INTO THE GAS REFORMER  9, SO THAT REVIEW
WAS FIRST CONDUCTED ON THE CASE OF CHARGING  AIR AS THE
GASIFYING AGENT 5 INTO THE HIGH-TEMPERATURE  GASIFICATION
PART 8 ONLY. FIGS. 15 AND 16 SHOW RESULTS OF  CALCULATION.
FUEL THROUGHPUT WAS SET TO 100 T/D AS WITH THE 36 CASE WITH
CEDAR CHIPS. HOWEVER, AS FOR THE VOLATILIZATION RATIO  IN
THE CARBONIZATION CHAMBER 2, PROPORTIONS BY WEIGHT OF
THE  CARBONIZED MATERIAL 4 TO THE PYROLYSIS GAS 3 WERE SET
TO 40 : 60 BY USE OF MEASURED VALUES OBTAINED WHEN
CARBONIZATION WAS ACTUALLY CARRIED OUT  AT OKADORA CO.
LTD., THE MANUFACTURER OF CARBONIZERS.  [0105] IN
COMPARISON WITH THE CASE OF THE CEDAR CHIPS (REFER  TO
FIGS. 10 AND 11), A RAPID DROP IN GAS TEMPERATURE IN THE  GAS
REFORMER 9 IS NOT OBSERVED, BECAUSE THE VOLATILIZATION
RATIO  IN THE CARBONIZATION CHAMBER 2 DECREASED.
FURTHERMORE, A  COMBUSTOR OXYGEN RATIO IN RELATION TO AN
OVERALL OXYGEN RATIO  BECAME LOWER BECAUSE THE QUANTITY
OF THE CARBONIZED MATERIAL  4 CHARGED INTO THE
HIGH-TEMPERATURE GASIFICATION PART 8  INCREASED. IT WAS
DETERMINED FROM THE FOREGOING THAT NO  SUPER-HIGH
TEMPERATURE REGION WAS FORMED IN THE  HIGH-TEMPERATURE
GASIFICATION PART 8, AND THERE EXISTED AN  OXYGEN RATIO
CONDITION AT WHICH THE COMBUSTOR TEMPERATURE WAS  
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[0107] HAVING ESTABLISHED THE CALCULATION TECHNIQUES FOR 

GASIFYING PERFORMANCE PREDICTION, BASED ON THE GASIFYING 

REACTION RATES FOUND BY USE OF THE PROPERTIES OF FUELS, AND 

THE THERMOBALANCE AS WELL AS PDTF OF THE FOUNDATION, THE 

FOLLOWING RESULTS WERE OBTAINED AFTER THE REVIEW CONDUCTED ON THE 

GASIFYING PROCESS SUITABLE FOR A BIOMASS CONSISTING OF CEDAR 

CHIPS HAVING A 40% WATER CONTENT, AND WASTE (THE TYPICAL 

MUNICIPAL SOLID WASTE), AND ON HIGH-EFFICIENCY AND STABLE 

OPERATION CONDITIONS.  

[0108] IN THE CASE OF THE CEDAR CHIPS, HIGH-EFFICIENCY 

OPERATION IS DIFFICULT TO EXECUTE WITH THE AIR-BLOWN, 

ONE-STAGE, ENTRAINED FLOW PROCESS WHERE FUEL IS DIRECTLY 

CHARGED INTO THE GASIFIER 7.  HOWEVER, WITH ADOPTION OF THE 

CARBONIZING-GASIFYING PROCESS WHEREBY THE FUEL IS DECOMPOSED 

INTO CARBONIZED MATERIAL 4, AND PYROLYSIS GAS 3 CONTAINING 

WATER, BY THE USE OF THE CARBONIZATION CHAMBER 2, AND 

SUBSEQUENTLY CHARGED INTO THE GASIFIER 7 IN TWO STAGES, HIGHLY 

EFFICIENT AND STABLE OPERATION IS FEASIBLE.  

[0109] WITH THE CARBONIZING-GASIFYING PROCESS, IN THE CASE 

WHERE A VOLATILIZATION RATIO IS HIGH, AS WITH CEDAR CHIPS, IN 

ORDER TO KEEP THE TEMPERATURE AT THE OUTLET OF THE GASIFIER 

7 AT A TEMPERATURE SUFFICIENT TO DETER THE FORMATION OF TAR 

(1100°C), IT IS ESSENTIAL TO CHARGE AIR OR OXYGEN 6 INTO THE 

GAS REFORMER 9. 

[0110] SINCE THE WASTE CONTAINS MUCH ASH, THERE IS A NEED 

FOR MELTING THE ASH TO BE DISCHARGED AS SLAG FROM THE VIEWPOINT 

OF ENVIRONMENTAL CONSERVATION.  BECAUSE OF A LOW VOLATILIZATION 

RATIO IN THE WASTE, A HIGH-EFFICIENCY AND MOLTEN-ASH 

DISCHARGING OPERATION IS FEASIBLE BY ADOPTION OF A PROCESS FOR 

CHARGING AIR INTO THE HIGH-TEMPERATURE GASIFICATION PART 8 ONLY 

OF A TWO-STAGE GASIFIER.  

[0111] FIGS. 17 AND 18 SHOW ANOTHER ASPECT OF THE INVENTION, 

IN WHICH POWER IS GENERATED FROM BIOMASS.  THE BIOMASS POWER 

NOT HIGHER THAN 2000C, AND THE GAS TEMPERATURE AT THE
OUTLET  OF THE GASIFIER WAS NOT LOWER THAN 1100C, A
TEMPERATURE  REGARDED WITHIN THE STABLE OPERATION RANGE.
BASED ON  CALCULATION, THE CARBON CONVERSION EFFICIENCY
WAS EXPECTED TO  BE AT NOT LESS THAN 99.5%, WITH THE
OVERALL OXYGEN RATIO AT  NOT LESS THAN 0.32. IN THIS CASE, A
VALUE EXCEEDING 75% WAS  OBTAINED FOR THE COLD GAS
EFFICIENCY, WHICH IS THE TARGET VALUE.  [0106] FURTHERMORE,
SINCE, WITH THE OVERALL OXYGEN RATIO  AT NOT LESS THAN 0.32,
THE TEMPERATURE AT THE OUTLET OF THE  HIGH-TEMPERATURE
GASIFICATION PART 8 IS AT NOT LOWER THAN  1600C, IT IS DEEMED
THAT ASH CONTAINED IN THE WASTE USED IN  THE REVIEW CAN BE
SATISFACTORILY MELTED AND DISCHARGED FROM  THE
HIGH-TEMPERATURE GASIFICATION PART 8 OF THE GASIFIER.
CONCLUSION 37 [0107] HAVING ESTABLISHED THE CALCULATION
TECHNIQUES FOR  GASIFYING PERFORMANCE PREDICTION, BASED
ON THE GASIFYING  REACTION RATES FOUND BY USE OF THE
PROPERTIES OF FUELS, AND  THE THERMOBALANCE AS WELL AS
PDTF OF THE FOUNDATION, THE  FOLLOWING RESULTS WERE
OBTAINED AFTER THE REVIEW CONDUCTED ON THE  GASIFYING
PROCESS SUITABLE FOR A BIOMASS CONSISTING OF CEDAR  CHIPS
HAVING A 40% WATER CONTENT, AND WASTE (THE TYPICAL
MUNICIPAL SOLID WASTE), AND ON HIGH-EFFICIENCY AND STABLE
OPERATION CONDITIONS. [0108] IN THE CASE OF THE CEDAR CHIPS,
HIGH-EFFICIENCY  OPERATION IS DIFFICULT TO EXECUTE WITH THE
AIR-BLOWN,  ONE-STAGE, ENTRAINED FLOW PROCESS WHERE FUEL
IS DIRECTLY  CHARGED INTO THE GASIFIER 7. HOWEVER, WITH
ADOPTION OF THE  CARBONIZING-GASIFYING PROCESS WHEREBY
THE FUEL IS DECOMPOSED  INTO CARBONIZED MATERIAL 4, AND
PYROLYSIS GAS 3 CONTAINING  WATER, BY THE USE OF THE
CARBONIZATION CHAMBER 2, AND  SUBSEQUENTLY CHARGED INTO
THE GASIFIER 7 IN TWO STAGES, HIGHLY  
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GENERATION SYSTEM COMPRISING A CARBONIZER 15 CAPABLE OF 

PYROLYTICALLY DECOMPOSING AND CARBONIZING NOT ONLY WOOD-BASED 

BIOMASS, BUT ALSO WASTE-BASED BIOMASS, SUCH AS MUNICIPAL SOLID 

WASTE AND THE LIKE, A GASIFIER 16 FOR CARRYING OUT COMBUSTION 

AND GASIFICATION OF CHAR PRODUCED IN THE CARBONIZER 15, AND A 

GENERATOR SET 17, OPERABLE ON THE GAS GENERATED IN THE GASIFIER 

16 AS A SOURCE OF ENERGY, FOR GENERATING ELECTRIC POWER.  THE 

GENERATOR SET EMITS EXHAUST HEAT, WHICH, AS WILL BE SEEN, IS 

UTILIZED IN THE OPERATION OF THE CARBONIZER.  

[0112] THE CARBONIZER 15 CAN BE IDENTICAL TO THE CARBONIZER 

2 IN FIG. 1, HAVING AN INTERNAL CHAMBER FOR RECEIVING BIOMASS, 

SURROUNDED BY A JACKET FOR RECEIVING HOT GAS AS A SOURCE OF 

HEAT FOR PYROLYTIC DECOMPOSITION AND CARBONIZATION OF THE 

BIOMASS WITHIN THE INTERNAL CHAMBER.   THE JACKET OF THE 

CARBONIZER 15 IS CONNECTED TO THE GENERATOR SET 17 VIA AN EXHAUST 

GAS FEED PATH 18 FOR DIRECTLY RECEIVING THE SUPPLY OF THE EXHAUST 

GAS EMITTED BY THE GENERATOR SET 17, SO THAT THE SYSTEM ACHIEVES 

HIGH THERMAL EFFICIENCY THROUGH EFFECTIVE UTILIZATION OF THE 

HEAT OF THE EXHAUST GAS.  THE JACKET OF THE CARBONIZATION CHAMBER 

15 IS IN THE SHAPE OF A VERTICAL ANNULAR CYLINDER, AND THE 

EXHAUST GAS AT A HIGH TEMPERATURE, FOR EXAMPLE 600°C, IS 

INTRODUCED INTO THE JACKET FOR CARBONIZATION BY EXTERNAL 

HEATING.  THE CYLINDRICAL  INNER PART OF THE CARBONIZER MAY 

BE PROVIDED WITH ROTOR BLADES (NOT SHOWN), AND THE FUEL MAY 

BE PRESSED AGAINST THE INNER WALL OF THE CARBONIZATION CHAMBER 

BY ROTATING THE ROTOR BLADES, THEREBY ENHANCING HEAT 

CONDUCTION, AND IMPROVEMENT OF CARBONIZATION EFFICIENCY.  A 

CARBONIZATION CHAMBER 15 SUITABLE FOR USE IN CARRYING OUT THE 

PRESENT EMBODIMENT CAN BE, FOR EXAMPLE, A SUPER-HIGH SPEED 

CARBONIZER MANUFACTURED BY OKADORA CO. LTD.  HOWEVER, VARIOUS 

FORMS OF CARBONIZATION CHAMBERS ARE SUITABLE.  FOR EXAMPLE, 

AN EXTERNALLY HEATED, CYLINDRICAL, ROTARY KILN MAY BE USED. 

  

EFFICIENT AND STABLE OPERATION IS FEASIBLE. [0109] WITH THE
CARBONIZING-GASIFYING PROCESS, IN THE CASE  WHERE A
VOLATILIZATION RATIO IS HIGH, AS WITH CEDAR CHIPS, IN  ORDER
TO KEEP THE TEMPERATURE AT THE OUTLET OF THE GASIFIER  7 AT
A TEMPERATURE SUFFICIENT TO DETER THE FORMATION OF TAR
(1100C), IT IS ESSENTIAL TO CHARGE AIR OR OXYGEN 6 INTO THE
GAS REFORMER 9. [0110] SINCE THE WASTE CONTAINS MUCH ASH,
THERE IS A NEED  FOR MELTING THE ASH TO BE DISCHARGED AS
SLAG FROM THE VIEWPOINT  OF ENVIRONMENTAL CONSERVATION.
BECAUSE OF A LOW VOLATILIZATION  RATIO IN THE WASTE, A
HIGH-EFFICIENCY AND MOLTEN-ASH DISCHARGING OPERATION IS
FEASIBLE BY ADOPTION OF A PROCESS FOR  CHARGING AIR INTO
THE HIGH-TEMPERATURE GASIFICATION PART 8 ONLY  OF A
TWO-STAGE GASIFIER. [0111] FIGS. 17 AND 18 SHOW ANOTHER
ASPECT OF THE INVENTION,  IN WHICH POWER IS GENERATED FROM
BIOMASS. THE BIOMASS POWER 38 GENERATION SYSTEM
COMPRISING A CARBONIZER 15 CAPABLE OF  PYROLYTICALLY
DECOMPOSING AND CARBONIZING NOT ONLY WOOD-BASED
BIOMASS, BUT ALSO WASTE-BASED BIOMASS, SUCH AS MUNICIPAL
SOLID  WASTE AND THE LIKE, A GASIFIER 16 FOR CARRYING OUT
COMBUSTION  AND GASIFICATION OF CHAR PRODUCED IN THE
CARBONIZER 15, AND A  GENERATOR SET 17, OPERABLE ON THE
GAS GENERATED IN THE GASIFIER  16 AS A SOURCE OF ENERGY,
FOR GENERATING ELECTRIC POWER. THE  GENERATOR SET EMITS
EXHAUST HEAT, WHICH, AS WILL BE SEEN, IS  UTILIZED IN THE
OPERATION OF THE CARBONIZER. [0112] THE CARBONIZER 15 CAN
BE IDENTICAL TO THE CARBONIZER  2 IN FIG. 1, HAVING AN
INTERNAL CHAMBER FOR RECEIVING BIOMASS,  SURROUNDED BY A
JACKET FOR RECEIVING HOT GAS AS A SOURCE OF  HEAT FOR
PYROLYTIC DECOMPOSITION AND CARBONIZATION OF THE
BIOMASS WITHIN THE INTERNAL CHAMBER. THE JACKET OF THE
CARBONIZER 15 IS CONNECTED TO THE GENERATOR SET 17 VIA AN
EXHAUST  
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[0113] WITH THE CARBONIZATION CHAMBER 15 HAVING THE 

ABOVE-DESCRIBED CONSTRUCTION, HIGH-QUALITY CHAR, THAT IS, A 

CARBONIZED FUEL WITH LITTLE WATER CONTENT AND HIGH IN HEATING 

VALUE, CAN BE PRODUCED.  THE EXHAUST GAS, AFTER RELEASING HEAT TO THE 

BIOMASS FUEL, IS EMITTED THROUGH A SMOKESTACK.  THAT IS, THE 

CARBONIZATION CHAMBER 15 UTILIZES SYSTEM EXHAUST HEAT FROM  

THE GENERATOR SET 6 AS A HEAT SOURCE, VIA THE EXHAUST GAS FEED 

PATH 18, FOR INDIRECT PYROLYTIC DECOMPOSITION OF THE BIOMASS 

FUEL.  THE TIME REQUIRED FOR PYROLYSIS VARIES DEPENDING ON THE 

KIND OF BIOMASS SUPPLIED AS RAW MATERIAL, AND THE WATER CONTENT 

IN THE BIOMASS.  IN MOST CASES, HOWEVER, WHEN EXHAUST GAS AT 

AROUND 600°C IS UTILIZED, CARBONIZATION CAN BE IMPLEMENTED IN 

ABOUT 30 MINUTES TO ONE HOUR. 

[0114] PLURAL CHAMBERS MAY BE PROVIDED FOR CARBONIZATION, 

AND OPERATED IN ROTATION IN TIME SEQUENCE, THEREBY CONTINUOUSLY 

FEEDING THE CHAR AND PYROLYSIS GAS TO THE GASIFIER 16.  THE 

CARBONIZING PROCESS INSIDE THE CARBONIZATION CHAMBERS ENTAILS 

SOME VARIATION WITH RESPECT TO THE AMOUNT OF VAPORIZATION.  

HOWEVER, IF THE PLURAL UNITS OF THE CARBONIZER ARE OPERATED 

IN ROTATION, THE EFFECTS OF SUCH VARIATION CAN BE ALLEVIATED. 

[0115] A RAW MATERIAL BUNKER 19 IS CONNECTED TO THE 

CARBONIZER FOR CHARGING BIOMASS AS FUEL INTO THE CARBONIZER 

15.  RAW MATERIAL CONSISTING OF WOOD-BASED BIOMASS, OR RAW 

MATERIAL CONSISTING OF A OF MIXTURE OF WOOD-BASED BIOMASS, AND 

WASTE-BASED BIOMASS, MAY BE FIRST FED INTO THE RAW MATERIAL 

BUNKER 19, AND THEN SEQUENTIALLY SUPPLIED TO THE CARBONIZATION 

CHAMBERS OF A PLURAL CHAMBER CARBONIZER. 

[0116] THE GASIFIER 16 IS A FURNACE FOR CARRYING OUT 

COMBUSTION AND GASIFICATION OF THE CHAR PRODUCED IN THE 

CARBONIZATION CHAMBER 15, REFORMING A COMBUSTIBLE PYROLYSIS 

GAS CONTAINING TAR, VOLATILIZED DURING CARBONIZATION, AND 

CONVERTING ASH IN THE FUEL INTO MOLTEN SLAG.  THE GASIFIER MAY 

BE INSTALLED AS A SINGLE FURNACE IN THE BIOMASS POWER GENERATION 

GAS FEED PATH 18 FOR DIRECTLY RECEIVING THE SUPPLY OF THE
EXHAUST  GAS EMITTED BY THE GENERATOR SET 17, SO THAT THE
SYSTEM ACHIEVES  HIGH THERMAL EFFICIENCY THROUGH
EFFECTIVE UTILIZATION OF THE  HEAT OF THE EXHAUST GAS. THE
JACKET OF THE CARBONIZATION CHAMBER  15 IS IN THE SHAPE OF A
VERTICAL ANNULAR CYLINDER, AND THE  EXHAUST GAS AT A HIGH
TEMPERATURE, FOR EXAMPLE 600-C, IS  INTRODUCED INTO THE
JACKET FOR CARBONIZATION BY EXTERNAL  HEATING. THE
CYLINDRICAL INNER PART OF THE CARBONIZER MAY  BE PROVIDED
WITH ROTOR BLADES (NOT SHOWN), AND THE FUEL MAY  BE
PRESSED AGAINST THE INNER WALL OF THE CARBONIZATION
CHAMBER  BY ROTATING THE ROTOR BLADES, THEREBY ENHANCING
HEAT  CONDUCTION, AND IMPROVEMENT OF CARBONIZATION
EFFICIENCY. A  CARBONIZATION CHAMBER 15 SUITABLE FOR USE IN
CARRYING OUT THE  PRESENT EMBODIMENT CAN BE, FOR EXAMPLE,
A SUPER-HIGH SPEED  CARBONIZER MANUFACTURED BY OKADORA
CO. LTD. HOWEVER, VARIOUS  FORMS OF CARBONIZATION
CHAMBERS ARE SUITABLE. FOR EXAMPLE,  AN EXTERNALLY
HEATED, CYLINDRICAL, ROTARY KILN MAY BE USED. 39 [01131 WITH
THE CARBONIZATION CHAMBER 15 HAVING THE  ABOVE-DESCRIBED
CONSTRUCTION, HIGH-QUALITY CHAR, THAT IS, A  CARBONIZED
FUEL WITH LITTLE WATER CONTENT AND HIGH IN HEATING  VALUE,
CAN BE PRODUCED. THE EXHAUST GAS, AFTER RELEASING HEAT TO
THE  BIOMASS FUEL, IS EMITTED THROUGH A SMOKESTACK. THAT IS,
THE  CARBONIZATION CHAMBER 15 UTILIZES SYSTEM EXHAUST
HEAT FROM  THE GENERATOR SET 6 AS A HEAT SOURCE, VIA THE
EXHAUST GAS FEED  PATH 18, FOR INDIRECT PYROLYTIC
DECOMPOSITION OF THE BIOMASS  FUEL. THE TIME REQUIRED FOR
PYROLYSIS VARIES DEPENDING ON THE  KIND OF BIOMASS
SUPPLIED AS RAW MATERIAL, AND THE WATER CONTENT  IN THE
BIOMASS. IN MOST CASES, HOWEVER, WHEN EXHAUST GAS AT
AROUND 6000C IS UTILIZED, CARBONIZATION CAN BE IMPLEMENTED
IN  ABOUT 30 MINUTES TO ONE HOUR. [0114] PLURAL CHAMBERS
MAY BE PROVIDED FOR CARBONIZATION,  
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SYSTEM.  HOWEVER, IN THE CASE OF A LARGE SCALE BIOMASS POWER 

GENERATION SYSTEM, E.G., A PLANT WITH CAPACITY IN EXCESS OF, 

FOR EXAMPLE, 50 MEGAWATTS, PLURAL GASIFIER UNITS MAY BE 

CONNECTED WITH ONE ANOTHER THROUGH GAS TURBINES, THE NUMBER 

OF UNITS AND THE CONSTRUCTION THEREOF DEPENDING ON THE MODE 

AND SCALE OF THE SYSTEM.

[0117] THE TEMPERATURE AT THE OUTLET OF THE GASIFIER 16 IS 

DEPENDENT ON THE HEATING VALUE AS WELL AS THE QUANTITY OF THE 

CHAR, AND THE QUANTITY OF INPUT AIR.  FOR EXAMPLE, THE 

TEMPERATURE IN THE LOWER PART OF THE FURNACE MAY REACH A LEVEL 

AS HIGH AS 1500°C IN SOME CASES BECAUSE A RELATIVELY LARGE 

QUANTITY OF AIR, CORRESPONDING TO THE HEATING VALUE AND THE 

QUANTITY OF CHAR, IS INTRODUCED INTO THE GASIFIER, BECAUSE THE 

CHAR AND PYROLYSIS GAS AT A TEMPERATURE OF AT LEAST ABOUT 600°C 

ARE CHARGED INTO THE GASIFIER 16, BECAUSE THE WATER CONTENT 

IN THE BIOMASS FUEL IS TURNED INTO STEAM AT 600°C BEFORE BEING 

INTO THE GASIFIER, AND BECAUSE HIGH-QUALITY CHAR (THAT IS, A 

CHAR HIGH IN HEATING VALUE AND CONTAINING LITTLE WATER) IS USED 

AS FUEL.  THUS, WITH THE BIOMASS POWER GENERATION SYSTEM 

ACCORDING TO THE INVENTION, WHEREIN THE IN-FURNACE TEMPERATURE 

OF THE GASIFIER 16 REACHES 1100°C, WHICH IS THE DECOMPOSITION 

TEMPERATURE OF TAR, OR A TEMPERATURE HIGHER THAN THAT, AND THE 

PYROLYSIS GAS CONTAINING TAR, HAVING VOLATILIZED AT THE TIME 

OF CARBONIZATION IN THE CARBONIZATION CHAMBER 15, IS SUBJECTED 

TO REFORMATION IN THE UPPER PART (THE GAS REFORMER) OF THE 

GASIFIER 16.  BECAUSE THE TAR CONTAINED IN THE PYROLYSIS GAS 

UNDERGOES DECOMPOSITION UNDER THE HIGH-TEMPERATURE CONDITION 

CREATED BY UTILIZATION OF  HIGH HEAT IN THE LOWER PART (THE 

GASIFICATION/MELTING PART) OF THE FURNACE, IT IS POSSIBLE TO 

AVOID ADHESION OF THE TAR TO PIPING, AND THE LIKE.  THUS, THE 

GASIFIER 16 ACCORDING TO THE INVENTION EXECUTES 

HIGH-TEMPERATURE COMBUSTION IN THE LOWER PART OF THE FURNACE, 

THEREBY MELTING THE ASH IN THE FUEL, AND, AT THE SAME TIME, 

AND OPERATED IN ROTATION IN TIME SEQUENCE, THEREBY
CONTINUOUSLY  FEEDING THE CHAR AND PYROLYSIS GAS TO THE
GASIFIER 16. THE  CARBONIZING PROCESS INSIDE THE
CARBONIZATION CHAMBERS ENTAILS  SOME VARIATION WITH
RESPECT TO THE AMOUNT OF VAPORIZATION.  HOWEVER, IF THE
PLURAL UNITS OF THE CARBONIZER ARE OPERATED  IN ROTATION,
THE EFFECTS OF SUCH VARIATION CAN BE ALLEVIATED.  [0115] A
RAW MATERIAL BUNKER 19 IS CONNECTED TO THE  CARBONIZER
FOR CHARGING BIOMASS AS FUEL INTO THE CARBONIZER  15. RAW
MATERIAL CONSISTING OF WOOD-BASED BIOMASS, OR RAW
MATERIAL CONSISTING OF A OF MIXTURE OF WOOD-BASED
BIOMASS, AND  WASTE-BASED BIOMASS, MAY BE FIRST FED INTO
THE RAW MATERIAL  BUNKER 19, AND THEN SEQUENTIALLY
SUPPLIED TO THE CARBONIZATION  CHAMBERS OF A PLURAL
CHAMBER CARBONIZER. [0116] THE GASIFIER 16 IS A FURNACE FOR
CARRYING OUT  COMBUSTION AND GASIFICATION OF THE CHAR
PRODUCED IN THE  CARBONIZATION CHAMBER 15, REFORMING A
COMBUSTIBLE PYROLYSIS  GAS CONTAINING TAR, VOLATILIZED
DURING CARBONIZATION, AND  CONVERTING ASH IN THE FUEL INTO
MOLTEN SLAG. THE GASIFIER MAY  BE INSTALLED AS A SINGLE
FURNACE IN THE BIOMASS POWER GENERATION 40 SYSTEM.
HOWEVER, IN THE CASE OF A LARGE SCALE BIOMASS POWER
GENERATION SYSTEM, E.G., A PLANT WITH CAPACITY IN EXCESS OF,
FOR EXAMPLE, 50 MEGAWATTS, PLURAL GASIFIER UNITS MAY BE
CONNECTED WITH ONE ANOTHER THROUGH GAS TURBINES, THE
NUMBER  OF UNITS AND THE CONSTRUCTION THEREOF DEPENDING
ON THE MODE  AND SCALE OF THE SYSTEM. [0117] THE
TEMPERATURE AT THE OUTLET OF THE GASIFIER 16 IS  DEPENDENT
ON THE HEATING VALUE AS WELL AS THE QUANTITY OF THE  CHAR,
AND THE QUANTITY OF INPUT AIR. FOR EXAMPLE, THE
TEMPERATURE IN THE LOWER PART OF THE FURNACE MAY REACH A
LEVEL  AS HIGH AS 15000C IN SOME CASES BECAUSE A RELATIVELY
LARGE  QUANTITY OF AIR, CORRESPONDING TO THE HEATING
VALUE AND THE  
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EXECUTES REFORMATION OF THE PYROLYSIS GAS IN THE UPPER PART 

OF THE FURNACE BY UTILIZING HEAT GENERATED IN THE LOWER PART 

THEREOF, THEREBY FULFILLING TWO FUNCTIONS WITH A SINGLE UNIT. 

 1100°C REPRESENTS A PREFERABLE TEMPERATURE FROM THE VIEWPOINT 

OF RELIABLY DETERRING FORMATION OF TAR, BUT THE FORMATION OF 

THE TAR CAN BE DETERRED EVEN AT A TEMPERATURE LOWER THAN 1100°C.  HOWEVER, 

IN CONTRAST TO THE CONVENTIONAL SYSTEM, USING, FOR EXAMPLE, 

A FLUIDIZED-BED FURNACE, AND A FIXED BED FURNACE, INCAPABLE 

OF OPERATING IN SUCH A TEMPERATURE ZONE, THE BIOMASS POWER 

GENERATION SYSTEM ACCORDING TO THE PRESENT EMBODIMENT HAS THE 

FEATURE IN THAT THE IN-FURNACE TEMPERATURE IS ENABLED TO REACH 

1100°C, OR HIGHER BECAUSE OF THE PARTICULAR STRUCTURE OF THE 

GASIFIER.  

[0118] IN ADDITION, WITH THE GASIFIER 16, BECAUSE A HIGH 

IN-FURNACE TEMPERATURE IS ATTAINED, NOT ONLY CAN THE TAR IN 

THE PYROLYSIS GAS BE DECOMPOSED, BUT ALSO, EVEN THE ASH IN THE 

TAR CAN BE MELTED AT A HIGH TEMPERATURE AND CONVERTED INTO SLAG. 

 IF WASTE-BASED BIOMASS IS MIXED WITH WOOD-BASED BIOMASS TO 

BE BURNED, THIS WILL RESULT IN A GOOD POSSIBILITY THAT THE ASH 

CONTAINS HEAVY METALS.  HOWEVER, IF THE ASH CAN BE MELTED AND 

CONVERTED TO SLAG, IT IS POSSIBLE TO DISCHARGE THE ASH IN A 

CONDITION WHERE THERE IS NO RISK OF ELUTION OF HEAVY METALS, 

OR SUCH A SMALL RISK THAT THERE IS NO NEED FOR TAKING PARTICULAR 

COUNTERMEASURES AGAINST ELUTION OF THE CONSTITUENTS OF THE ASH. 

[0119] A TAR - PYROLYSIS GAS FEED PATH 20, AND A CHAR FEED 

PATH 21 ARE PROVIDED BETWEEN THE GASIFIER 16 AND THE 

CARBONIZATION CHAMBERS 15.  THE FORMER, NAMELY, THE TAR - 

PYROLYSIS GAS FEED PATH 20 IS A FLOW PATH FOR FEEDING THE TAR 

AND PYROLYSIS GAS, GENERATED IN THE CARBONIZATION CHAMBERS 15, 

INTO THE GASIFIER 16, AND THE LATTER, NAMELY, THE CHAR FEED 

PATH 21, IS A FLOW PATH FOR FEEDING CHAR GENERATED IN THE SAME 

CARBONIZATION CHAMBERS 15, INTO THE GASIFIER 16.  FOR EXAMPLE, 

WITH THE PRESENT EMBODIMENT, THE CHAR FEED PATH 21, MAKING USE 

QUANTITY OF CHAR, IS INTRODUCED INTO THE GASIFIER, BECAUSE
THE  CHAR AND PYROLYSIS GAS AT A TEMPERATURE OF AT LEAST
ABOUT 6000C  ARE CHARGED INTO THE GASIFIER 16, BECAUSE THE
WATER CONTENT  IN THE BIOMASS FUEL IS TURNED INTO STEAM AT
6000C BEFORE BEING  INTO THE GASIFIER, AND BECAUSE
HIGH-QUALITY CHAR (THAT IS, A  CHAR HIGH IN HEATING VALUE AND
CONTAINING LITTLE WATER) IS USED  AS FUEL. THUS, WITH THE
BIOMASS POWER GENERATION SYSTEM  ACCORDING TO THE
INVENTION, WHEREIN THE IN-FURNACE TEMPERATURE  OF THE
GASIFIER 16 REACHES 11000C, WHICH IS THE DECOMPOSITION
TEMPERATURE OF TAR, OR A TEMPERATURE HIGHER THAN THAT,
AND THE  PYROLYSIS GAS CONTAINING TAR, HAVING VOLATILIZED
AT THE TIME  OF CARBONIZATION IN THE CARBONIZATION CHAMBER
15, IS SUBJECTED  TO REFORMATION IN THE UPPER PART (THE GAS
REFORMER) OF THE  GASIFIER 16. BECAUSE THE TAR CONTAINED IN
THE PYROLYSIS GAS  UNDERGOES DECOMPOSITION UNDER THE
HIGH-TEMPERATURE CONDITION  CREATED BY UTILIZATION OF HIGH
HEAT IN THE LOWER PART (THE  GASIFICATION/MELTING PART) OF
THE FURNACE, IT IS POSSIBLE TO  AVOID ADHESION OF THE TAR TO
PIPING, AND THE LIKE. THUS, THE  GASIFIER 16 ACCORDING TO THE
INVENTION EXECUTES H I GH- TEMPERATURE COMBUSTION IN THE
LOWER PART OF THE FURNACE,  THEREBY MELTING THE ASH IN THE
FUEL, AND, AT THE SAME TIME, 41 EXECUTES REFORMATION OF THE
PYROLYSIS GAS IN THE UPPER PART  OF THE FURNACE BY
UTILIZING HEAT GENERATED IN THE LOWER PART  THEREOF,
THEREBY FULFILLING TWO FUNCTIONS WITH A SINGLE UNIT. 1100C
REPRESENTS A PREFERABLE TEMPERATURE FROM THE VIEWPOINT
OF RELIABLY DETERRING FORMATION OF TAR, BUT THE FORMATION
OF  THE TAR CAN BE DETERRED EVEN AT A TEMPERATURE LOWER
THAN 1100C. HOWEVER,  IN CONTRAST TO THE CONVENTIONAL
SYSTEM, USING, FOR EXAMPLE,  A FLUIDIZED-BED FURNACE, AND A
FIXED BED FURNACE, INCAPABLE  OF OPERATING IN SUCH A
TEMPERATURE ZONE, THE BIOMASS POWER  GENERATION SYSTEM
ACCORDING TO THE PRESENT EMBODIMENT HAS THE  
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OF A SCREW CONVEYER, FOR EXAMPLE, IS CONNECTED TO THE LOWER 

PART OF THE CARBONIZATION CHAMBERS 15, THEREBY CARRYING OUT 

COMBUSTION AND GASIFICATION BY USING THE CHAR AS THE FUEL, SO 

THAT THE TEMPERATURE IN THE LOWER PART OF THE FURNACE IN 

PARTICULAR, IS RAISED TO A HIGH TEMPERATURE, WHEREUPON THERE 

IS GENERATED A HIGH-TEMPERATURE GAS AT A TEMPERATURE NOT LESS 

Than 1100°C, or not less than 1500°C in some cases, by feeding 

air into the lower part of the furnace.   Meanwhile, gas 

reformation is carried out in the upper part of the furnace, 

and tar, pyrolytically decomposed partially in the carbonizer 

15, is decomposed in the upper part of the furnace, by the use 

of the high-temperature gas as a heat source.  The gas generated 

in the gasifier 16, is delivered as a heat source via a generated 

gas feed path 22 to the generator set 17 in a subsequent stage.  

[0120] In this case, although the generated gas can be 

directly delivered to the generator set 17 via the generated 

gas feed path 22, heat exchange between the generated gas and 

the exhaust gas from the generator set 17 is preferably carried 

out.  This can entail transfer of heat from the generated gas 

to the exhaust gas from the generator set 17, so that the exhaust 

gas fed to the carbonizer 15, serving as a heat source, can 

be rendered higher in temperature, thereby enabling higher 

thermal efficiency to be attained.  For example, in the 

embodiment shown in FIG. 17, , a generated gas heat exchanger 

23 is installed in such a way as to cause the generated gas 

feed path 22 to intersect the exhaust gas feed path 18 at some 

midpoint, or to be in close proximity thereto.  The gas generated 

in the gasifier 16 loses its heat in the heat exchanger 23, 

and is thereby cooled, and is subsequently delivered to the 

generator set 17 after dust, sulfur, and other contaminants 

contained in the gas are removed in a gas purifier 24 installed 

between the heat exchanger 23 and the generator set 17.   

FEATURE IN THAT THE IN-FURNACE TEMPERATURE IS ENABLED TO
REACH  1100C, OR HIGHER BECAUSE OF THE PARTICULAR
STRUCTURE OF THE  GASIFIER. [0118] IN ADDITION, WITH THE
GASIFIER 16, BECAUSE A HIGH  IN-FURNACE TEMPERATURE IS
ATTAINED, NOT ONLY CAN THE TAR IN  THE PYROLYSIS GAS BE
DECOMPOSED, BUT ALSO, EVEN THE ASH IN THE  TAR CAN BE
MELTED AT A HIGH TEMPERATURE AND CONVERTED INTO SLAG. IF
WASTE-BASED BIOMASS IS MIXED WITH WOOD-BASED BIOMASS TO
BE BURNED, THIS WILL RESULT IN A GOOD POSSIBILITY THAT THE
ASH  CONTAINS HEAVY METALS. HOWEVER, IF THE ASH CAN BE
MELTED AND  CONVERTED TO SLAG, IT IS POSSIBLE TO DISCHARGE
THE ASH IN A  CONDITION WHERE THERE IS NO RISK OF ELUTION OF
HEAVY METALS,  OR SUCH A SMALL RISK THAT THERE IS NO NEED
FOR TAKING PARTICULAR  COUNTERMEASURES AGAINST ELUTION
OF THE CONSTITUENTS OF THE ASH.  [0119] A TAR - PYROLYSIS GAS
FEED PATH 20, AND A CHAR FEED  PATH 21 ARE PROVIDED
BETWEEN THE GASIFIER 16 AND THE CARBONIZATION CHAMBERS
15. THE FORMER, NAMELY, THE TAR - PYROLYSIS GAS FEED PATH 20
IS A FLOW PATH FOR FEEDING THE TAR  AND PYROLYSIS GAS,
GENERATED IN THE CARBONIZATION CHAMBERS 15,  INTO THE
GASIFIER 16, AND THE LATTER, NAMELY, THE CHAR FEED  PATH 21,
IS A FLOW PATH FOR FEEDING CHAR GENERATED IN THE SAME
CARBONIZATION CHAMBERS 15, INTO THE GASIFIER 16. FOR
EXAMPLE,  WITH THE PRESENT EMBODIMENT, THE CHAR FEED PATH
21, MAKING USE 42 OF A SCREW CONVEYER, FOR EXAMPLE, IS
CONNECTED TO THE LOWER  PART OF THE CARBONIZATION
CHAMBERS 15, THEREBY CARRYING OUT  COMBUSTION AND
GASIFICATION BY USING THE CHAR AS THE FUEL, SO  THAT THE
TEMPERATURE IN THE LOWER PART OF THE FURNACE IN
PARTICULAR, IS RAISED TO A HIGH TEMPERATURE, WHEREUPON
THERE  IS GENERATED A H I GH- TEMPERATURE GAS AT A
TEMPERATURE NOT LESS  Than 1100'C, or not less than 1500'C in some
cases, by feeding  air into the lower part of the furnace. Meanwhile, gas  



 44

[0121] The generator set 17 is operated by the gas generated 

in the gasifier 16 for generating electric power. It also sends 

out exhaust heat to the carbonizer via the exhaust gas feed 

path 18.  In this case, the exhaust gas feed path 18 may be 

directly connected to the carbonization chamber 15.  However, 

in the illustrated embodiment, the generated gas heat exchanger 

23 is installed at an intermediate point along the exhaust gas feed 

path 18 so as to enable heat exchange to be effected between 

the gas generated in the gasifier 16 and the exhaust gas from 

the generator set 17.  It follows that the heat of the exhaust 

gas from the generator set 17, and also the heat from the 

generated gas from the gasifier 16 are recovered for utilization 

in the carbonizer, thereby enabling higher thermal efficiency 

for the system as a whole to be attained.  it is possible to 

adopt other modes such as, for example, a mode in which the 

exhaust heat is utilized through the medium of steam after heat 

exchange with the exhaust gas.  

[0122] In the embodiment shown in FIG. 18, plural 

carbonization chambers 25 are disposed around a single gasifier 

26 having a high temperature gasification part 27 and a gas 

reformer 28.  These carbonization chambers are operated in 

rotation in order to provide a continuous supply of char and 

pyrolysis gas to the gasifier 26.  That is, carbonization takes 

place in a first one of the carbonization chambers 25, and 

pyrolysis gas is fed from the first carbonization chamber to 

the gas reformer 28 while char is fed from a second carbonization 

chamber to the high temperature gasification part 27 of the 

gasifier. Thereafter, the second carbonization chamber is 

recharged with biomass, and the functions of the carbonization 

chambers are interchanged so that char is fed from the first 

chamber while carbonization takes place in the second chamber 

and pyrolysis gas is fed from the second chamber to the gas 

reformer.  More than two carbonization chambers can, of course, 

reformation is carried out in the upper part of the furnace,  and tar,
pyrolytically decomposed partially in the carbonizer  15, is decomposed in the
upper part of the furnace, by the use  of the high-temperature gas as a heat
source. The gas generated  in the gasifier 16, is delivered as a heat source
via a generated  gas feed path 22 to the generator set 17 in a subsequent
stage.  [0120] In this case, although the generated gas can be  directly
delivered to the generator set 17 via the generated  gas feed path 22, heat
exchange between the generated gas and  the exhaust gas from the
generator set 17 is preferably carried  out. This can entail transfer of heat
from the generated gas  to the exhaust gas from the generator set 17, so that
the exhaust  gas fed to the carbonizer 15, serving as a heat source, can  be
rendered higher in temperature, thereby enabling higher  thermal efficiency to
be attained. For example, in the  embodiment shown in FIG. 17, , a
generated gas heat exchanger  23 is installed in such a way as to cause the
generated gas  feed path 22 to intersect the exhaust gas feed path 18 at
some  midpoint, or to be in close proximity thereto. The gas generated  in the
gasifier 16 loses its heat in the heat exchanger 23,  and is thereby cooled,
and is subsequently delivered to the  generator set 17 after dust, sulfur, and
other contaminants  contained in the gas are removed in a gas purifier 24
installed  between the heat exchanger 23 and the generator set 17. 43 [
01211 The generator set 17 is operated by the gas generated  in the gasifier
16 for generating electric power. It also sends  out exhaust heat to the
carbonizer via the exhaust gas feed  path 18. In this case, the exhaust gas
feed path 18 may be  directly connected to the carbonization chamber 15.
However,  in the illustrated embodiment, the generated gas heat exchanger
23 is installed at an intermediate point along the exhaust gas feed  
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be associated with a single gasifier, and operated in 

appropriate time sequence.  

[0123] As described hereinbefore, the biomass power 

generation system implements high-efficiency power generation, 

without the use of a supplementary fuel, by integrating a 

carbonizing process utilizing exhaust heat of the system, with 

a gasifying process.  We have estimated that there is a good 

likelihood that, with the biomass power generation system 

according to the invention, it is possible to achieve a thermal 

efficiency at 34%, which is in excess of 30%, the target value 

of thermal efficiency (in the case of a 100 t/d scale) for 

"Biomass Nippon Comprehensive Strategy," as mentioned below. 

 More specifically, with the biomass power generation system 

according to the embodiment of FIG. 17, having achieved 

effective utilization of the exhaust heat of the exhaust gas 

accompanying power generation, by systematizing the 

carbonization chamber 15, and the generator set 17, it is 

possible to achieve a thermal efficiency higher than that in 

the conventional case, and to pyrolytically decompose and 

carbonize not only wood-based biomass, but also waste-based 

biomass, such as municipal solid waste, and so forth, without 

use of supplementary fuel.  In other words, since the wood-based 

biomass is higher in water content than the waste-based biomass, 

it has been difficult to convert both biomasses in a mixed 

condition into a fuel having stable properties.  However, in 

the case of the biomass power generation system according to 

the present embodiment, with the carbonization chamber 15, 

capable of effectively utilizing the exhaust heat, provided 

at a front stage of the system, it is possible to cause both 

biomasses in the mixed condition, in a sense, heterogeneous 

fuels, to be dried in the carbonizing process and subsequently 

converted into a fuel having stable properties, containing a 

given water content (for example, about 1%), and pulverizable 

path 18 so as to enable heat exchange to be effected between  the gas
generated in the gasifier 16 and the exhaust gas from  the generator set 17. It
follows that the heat of the exhaust  gas from the generator set 17, and also
the heat from the  generated gas from the gasifier 16 are recovered for
utilization  in the carbonizer, thereby enabling higher thermal efficiency  for
the system as a whole to be attained. it is possible to  adopt other modes
such as, for example, a mode in which the  exhaust heat is utilized through
the medium of steam after heat  exchange with the exhaust gas. [0122] In the
embodiment shown in FIG. 18, plural  carbonization chambers 25 are
disposed around a single gasifier  26 having a high temperature gasification
part 27 and a gas  reformer 28. These carbonization chambers are operated
in  rotation in order to provide a continuous supply of char and  pyrolysis gas
to the gasifier 26. That is, carbonization takes  place in a first one of the
carbonization chambers 25, and  pyrolysis gas is fed from the first
carbonization chamber to  the gas reformer 28 while char is fed from a
second carbonization  chamber to the high temperature gasification part 27 of
the  gasifier. Thereafter, the second carbonization chamber is  recharged with
biomass, and the functions of the carbonization  chambers are interchanged
so that char is fed from the first  chamber while carbonization takes place in
the second chamber  and pyrolysis gas is fed from the second chamber to
the gas  reformer. More than two carbonization chambers can, of course, 44
be associated with a single gasifier, and operated in  appropriate time
sequence. [0123] As described hereinbefore, the biomass power  generation
system implements high-efficiency power generation,  without the use of a
supplementary fuel, by integrating a  
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if required.  Furthermore, in contrast to the 

presently-available power generation system of 1 megawatt 

scale, based on, for example, combustion in the boiler thereof 

wherein power generation efficiency has been on the order of 

only 10% at most, with the biomass power generation system 

according to the invention, a power generation efficiency of 

30% or better can be achieved. 

[0124] "Biomass Nippon Comprehensive Strategy" is a strategy 

for promotion of utilization of biomass, arranged jointly by 

the Japanese Ministry of Agriculture, Forestry, and Fisheries, 

the Ministry of Economy, Trade, and Industry, the Ministry of 

Land, Infrastructure, and Transportation, the Ministry of the 

Environment, and the Ministry of Education, and decided upon 

at the cabinet meeting in December, 2002.  In "Biomass Nippon 

Comprehensive Strategy", dated Dec. 12, 2002, for example, p. 

12, there is a description to the effect that in connection with 

the technology of a direct combustion and gasification plant, 

and so on, for converting biomass low in water content into 

energy, a technology is to be developed whereby energy conversion 

efficiency on the order of 20% in terms of electric power, or 

on the order of 80% in terms of heat, can be implemented at a 

plant (assumed on a several-municipalities scale) with biomass 

throughput on the order of 20 t/d, or energy conversion 

efficiency on the order of 30% in terms of electric power, can 

be implemented at a plant (assumed in a municipality region) 

with biomass throughput on the order of 100 t/d provided that 

an environment suitable for collection of biomass in a wider 

region is established (herein, the energy conversion efficiency 

refers to a ratio of chemical energy (heating value) of a biomass 

fuel, converted into electric power).  The biomass power 

generation system according to the present embodiment is exactly 

in line with the promotion of utilization of biomass, aimed at 

by the  "Comprehensive Strategy." 

carbonizing process utilizing exhaust heat of the system, with  a gasifying
process. We have estimated that there is a good  likelihood that, with the
biomass power generation system  according to the invention, it is possible to
achieve a thermal  efficiency at 34%, which is in excess of 30%, the target
value  of thermal efficiency (in the case of a 100 t/d scale) for  "Biomass
Nippon Comprehensive Strategy," as mentioned below.  More specifically,
with the biomass power generation system  according to the embodiment of
FIG. 17, having achieved  effective utilization of the exhaust heat of the
exhaust gas  accompanying power generation, by systematizing the
carbonization chamber 15, and the generator set 17, it is  possible to achieve
a thermal efficiency higher than that in  the conventional case, and to
pyrolytically decompose and  carbonize not only wood-based biomass, but
also waste-based  biomass, such as municipal solid waste, and so forth,
without  use of supplementary fuel. In other words, since the wood-based
biomass is higher in water content than the waste-based biomass,  it has
been difficult to convert both biomasses in a mixed  condition into a fuel
having stable properties. However, in  the case of the biomass power
generation system according to  the present embodiment, with the
carbonization chamber 15,  capable of effectively utilizing the exhaust heat,
provided  at a front stage of the system, it is possible to cause both
biomasses in the mixed condition, in a sense, heterogeneous  fuels, to be
dried in the carbonizing process and subsequently  converted into a fuel
having stable properties, containing a  given water content (for example,
about 1%), and pulverizable 45 if required. Furthermore, in contrast to the
presently-available power generation system of 1 megawatt  scale, based on,
for example, combustion in the boiler thereof  
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[0125] The biomass power generation system according to the 

invention has several advantages over a conventional power 

generation set.  First, since not only wood-based biomass, but 

also waste-based biomass, such as municipal solid waste, waste 

plastics, and the like can be utilized, wood-based biomass fuel, 

the availability of which is subject to seasonal variation, can  

be complemented by waste-based biomass, and consequently, stable 

power output can be obtained.  Second, waste based biomass 

includes waste is ordinarily disposed of at a relatively high 

cost. However, if such waste is collected as part of the fuel 

for use in power generation, the economics of wood-based biomass 

collection can be improved.  Third, the increase in the quantity 

of available fuel afforded by the invention makes it possible 

to increase the scale of power generation equipment, making 

high-efficiency power generation feasible.  Fourth, since no 

dioxin is generated, and the ash is rendered harmless by 

conversion to molten slag, the power generation system can serve 

as a disposal facility for general as well as industrial wastes, 

and contributes to environmental conservation.  Fifth, as a 

result of integration of the carbonizing process with the 

gasifying process, the raw biomass is reduced in volume to about 

1/5 to 1/7 of its initial volume, so that a compact gasifier 

can be utilized.  Finally, the system can be operated by workers 

with no special qualifications. 

[0126] The embodiment described above is an example of 

preferred embodiments of the invention, however, it is to be 

understood that the invention is not limited thereto, and that 

various changes and modifications may be made in the invention 

without departing from the spirit and scope thereof.  For 

example, with the embodiment described above, the municipal 

solid waste, waste plastics, and so forth are cited as specific 

examples of the waste-based biomass.  However, those materials 

are cited merely by way of example, and with the biomass power 

wherein power generation efficiency has been on the order of  only 10% at
most, with the biomass power generation system  according to the invention,
a power generation efficiency of  30% or better can be achieved. [01241
"Biomass Nippon Comprehensive Strategy" is a strategy  for promotion of
utilization of biomass, arranged jointly by  the Japanese Ministry of
Agriculture, Forestry, and Fisheries,  the Ministry of Economy, Trade, and
Industry, the Ministry of  Land, Infrastructure, and Transportation, the Ministry
of the  Environment, and the Ministry of Education, and decided upon  at the
cabinet meeting in December, 2002. In "Biomass Nippon  Comprehensive
Strategy", dated Dec. 12, 2002, for example, p.  12, there is a description to
the effect that in connection with  the technology of a direct combustion and
gasification plant,  and so on, for converting biomass low in water content into
energy, a technology is to be developed whereby energy conversion
efficiency on the order of 20% in terms of electric power, or  on the order of
80% in terms of heat, can be implemented at a  plant (assumed on a
several-municipalities scale) with biomass  throughput on the order of 20 t/d,
or energy conversion efficiency on the order of 30% in terms of electric
power, can  be implemented at a plant (assumed in a municipality region)
with biomass throughput on the order of 100 t/d provided that  an
environment suitable for collection of biomass in a wider  region is
established (herein, the energy conversion efficiency  refers to a ratio of
chemical energy (heating value) of a biomass  fuel, converted into electric
power). The biomass power  generation system according to the present
embodiment is exactly  in line with the promotion of utilization of biomass,
aimed at  by the "Comprehensive Strategy." 46 [01251 The biomass power
generation system according to the  
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generation system according to the invention, other biomasses 

may be utilized, including biomass having high water content, 

such as, for example, agricultural resources, forest resources, 

stock farming resources, and aquatic resources, wastes of those 

resources, building material waste, food stuff waste, sludge, 

and so forth, regardless of whether it is wood-based biomass, 

or waste-based biomass.  

invention has several advantages over a conventional power  generation set.
First, since not only wood-based biomass, but  also waste-based biomass,
such as municipal solid waste, waste  plastics, and the like can be utilized,
wood-based biomass fuel,  the availability of which is subject to seasonal
variation, can  be complemented by waste-based biomass, and
consequently, stable  power output can be obtained. Second, waste based
biomass  includes waste is ordinarily disposed of at a relatively high  cost.
However, if such waste is collected as part of the fuel  for use in power
generation, the economics of wood-based biomass  collection can be
improved. Third, the increase in the quantity  of available fuel afforded by the
invention makes it possible  to increase the scale of power generation
equipment, making  high-efficiency power generation feasible. Fourth, since
no  dioxin is generated, and the ash is rendered harmless by  conversion to
molten slag, the power generation system can serve  as a disposal facility for
general as well as industrial wastes,  and contributes to environmental
conservation. Fifth, as a  result of integration of the carbonizing process with
the  gasifying process, the raw biomass is reduced in volume to about  1/5 to
1/7 of its initial volume, so that a compact gasifier  can be utilized. Finally, the
system can be operated by workers  with no special qualifications. [0126] The
embodiment described above is an example of  preferred embodiments of
the invention, however, it is to be  understood that the invention is not limited
thereto, and that  various changes and modifications may be made in the
invention  without departing from the spirit and scope thereof. For  example,
with the embodiment described above, the municipal  solid waste, waste
plastics, and so forth are cited as specific  examples of the waste-based
biomass. However, those materials  are cited merely by way of example, and
with the biomass power 
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CLAIMS  

We claim:  

 

1. A biomass carbonizing-gasifying system for pyrolytic 

decomposition of a biomass fuel, said biomass 

carbonizing-gasifying system comprising:  

a carbonization chamber for producing a carbonized 

material by heating the biomass fuel;   

a two-stage gasifier comprising a high-temperature 

gasification part for gasifying the carbonized 

material, and a gas reformer for reforming 

combustible pyrolysis gas containing tar volatilized 

in the production of said carbonized material, said 

gas reformer having an outlet;   

means for feeding carbonized material produced in the 

carbonization chamber to the high-temperature 

gasification part of the two-stage gasifier;  

a pyrolysis gas flow path for sending the combustible 

pyrolysis gas produced in the carbonization chamber 

into the gas reformer of the gasifier; and   

gasifying agent feed means for feeding a gasifying agent 

to the high-temperature gasification part of the 

gasifier, and controllably feeding a gasifying agent 

containing oxygen to the gas reformer, whereby the 

temperature at the outlet of the gasifier can be 

prevented from falling below a predetermined 

temperature.  

 

2. The biomass carbonizing-gasifying system according 

to claim 1, in which said gasifying agent feed means comprises 

means for intermittently feeding said gasifying agent 

containing oxygen to said gas reformer.  

 

47 generation system according to the invention, other biomasses  may be
utilized, including biomass having high water content,  such as, for example,
agricultural resources, forest resources,  stock farming resources, and
aquatic resources, wastes of those  resources, building material waste, food
stuff waste, sludge,  and so forth, regardless of whether it is wood-based
biomass,  or waste-based biomass. 48 CLAIMS We claim: 1 . A biomass
carbonizing-gasifying system for pyrolytic  decomposition of a biomass fuel,
said biomass  carbonizing-gasifying system comprising:  carbonization
chamber for producing a carbonized  material by heating the biomass fuel;
two-stage gasifier comprising a high-temperature  gasification part for
gasifying the carbonized  material, and a gas reformer for reforming
combustible pyrolysis gas containing tar volatilized  in the production of said
carbonized material, said  gas reformer having an outlet; means for feeding
carbonized material produced in the  carbonization chamber to the
high-temperature  gasification part of the two-stage gasifier; a pyrolysis gas
flow path for sending the combustible  pyrolysis gas produced in the
carbonization chamber  into the gas reformer of the gasifier; and gasifying
agent feed means for feeding a gasifying agent  to the high-temperature
gasification part of the  gasifier, and controllably feeding a gasifying agent
containing oxygen to the gas reformer, whereby the  
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3. The biomass carbonizing-gasifying system according 

to claim 1, in which the gasifying agent feed means comprises 

pipes, arranged to feed a gasifying agent containing oxygen both 

to said high-temperature gasification part, and to said gas 

reformer.  

 

4. A biomass carbonizing-gasifying process for pyrolytic 

decomposition of a biomass fuel said process comprising:  

heating the biomass fuel in a carbonization chamber to 

produce a carbonized material and combustible 

pyrolysis gas containing volatilized tar;   

feeding said carbonized material to a high-temperature 

gasification part of a two-stage gasifier comprising 

a gasification part and a gas reformer, said gas 

reformer having an outlet; 

feeding said combustible pyrolysis gas containing 

volatilized tar into said gas reformer;  

feeding a gasifying agent to the high temperature 

gasification part of the two-stage gasifier; and  

maintaining the temperature of gas at said outlet of the 

gas reformer at a level above a predetermined 

temperature level by feeding a controlled amount of 

gasifying agent containing oxygen to said gas 

reformer.  

 

5. The biomass carbonizing-gasifying process according 

to claim 4, in which the temperature of the gas at said outlet 

of the gas reformer is maintained at a level above said 

predetermined temperature level by intermittently feeding a 

gasifying agent containing oxygen to said gas reformer when the 

temperature of gas at the outlet of the gas reformer approaches 

said predetermined level.  

temperature at the outlet of the gasifier can be  prevented from falling below
a predetermined  temperature. 2. The biomass carbonizing-gasifying system
according  to claim 1, in which said gasifying agent feed means comprises
means for intermittently feeding said gasifying agent containing oxygen to
said gas reformer. 49 3. The biomass carbonizing-gasifying system according
to claim 1, in which the gasifying agent feed means comprises  pipes,
arranged to feed a gasifying agent containing oxygen both  to said
high-temperature gasification part, and to said gas  reformer. 4. A biomass
carbonizing-gasifying process for pyrolytic  decomposition of a biomass fuel
said process comprising: heating the biomass fuel in a carbonization
chamber to  produce a carbonized material and combustible  pyrolysis gas
containing volatilized tar; feeding said carbonized material to a
high-temperature  gasification part of a two-stage gasifier comprising  a
gasification part and a gas reformer, said gas  reformer having an outlet;
feeding said combustible pyrolysis gas containing  volatilized tar into said gas
reformer;  feeding a gasifying agent to the high temperature gasification part
of the two-stage gasifier; and  maintaining the temperature of gas at said
outlet of the  gas reformer at a level above a predetermined  temperature
level by feeding a controlled amount of  gasifying agent containing oxygen to
said gas  reformer. 5. The biomass carbonizing-gasifying process according  
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6. The biomass carbonizing-gasifying process according 

to claim 4, in which said predetermined temperature is 1100°C. 

  

7. A biomass power generation system comprising:  

a generator set, operated by a gaseous fuel, and releasing 

exhaust heat in its operation;  

a carbonizer for receiving biomass, and receiving exhaust 

heat released by the generator set and utilizing said 

exhaust heat for pyrolytically decomposing and 

carbonizing said biomass and producing char and 

pyrolysis gas containing volatilized tar; and  

a gasifier, arranged to receive said char, and said 

pyrolysis gas containing volatilized tar, from said 

carbonizer, for combustion, and gasification of said 

char and reforming said pyrolysis gas containing tar, 

thereby generating a gaseous fuel; 

in which the generator set is operated by said gaseous 

fuel formed by the gasifier. 

 

8. The biomass power generation system according to 

claim 7, in which the gasifier is capable of decomposing the 

tar in said pyrolysis gas at a temperature of at least 1100°C, 

thereby reforming said pyrolysis gas.   

 

9. The biomass power generation system according to 

claim 7, further comprising a heat exchanger arranged to 

transfer part of the heat of the gaseous fuel generated by the 

gasifier to the exhaust heat released by the generator set, 

whereby the heat used for carbonization of the biomass in the 

carbonizer comprises not only the exhaust heat from the 

generator set, but also heat from the gaseous fuel generated 

by the gasifier. 

to claim 4, in which the temperature of the gas at said outlet  of the gas
reformer is maintained at a level above said predetermined temperature level
by intermittently feeding a  gasifying agent containing oxygen to said gas
reformer when the  temperature of gas at the outlet of the gas reformer
approaches  said predetermined level. 50 6. The biomass
carbonizing-gasifying process according  to claim 4, in which said
predetermined temperature is 1100C. 7. A biomass power generation system
comprising: a generator set, operated by a gaseous fuel, and releasing
exhaust heat in its operation; a carbonizer for receiving biomass, and
receiving exhaust  heat released by the generator set and utilizing said
exhaust heat for pyrolytically decomposing and  carbonizing said biomass
and producing char and  pyrolysis gas containing volatilized tar; and a
gasifier, arranged to receive said char, and said  pyrolysis gas containing
volatilized tar, from said  carbonizer, for combustion, and gasification of said
char and reforming said pyrolysis gas containing tar,  thereby generating a
gaseous fuel; in which the generator set is operated by said gaseous  fuel
formed by the gasifier. 8. The biomass power generation system according to
claim 7, in which the gasifier is capable of decomposing the  tar in said
pyrolysis gas at a temperature of at least 1100C,  thereby reforming said
pyrolysis gas. 9. The biomass power generation system according to  claim
7, further comprising a heat exchanger arranged to  transfer part of the heat
of the gaseous fuel generated by the  gasifier to the exhaust heat released by
the generator set,  
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10. The biomass power generation system according to 

claim 8, further comprising a heat exchanger arranged to 

transfer part of the heat of the gaseous fuel generated by the 

gasifier to the exhaust heat released by the generator set, 

whereby the heat used for carbonization of the biomass in the 

carbonizer comprises not only the exhaust heat from the 

generator set, but also heat from the gaseous fuel generated 

by the gasifier. 

 

11. The biomass power generation system according to 

claim 7, in which the carbonizer comprises plural carbonization 

chambers, alternatively operable in rotation.    

 

12. The biomass power generation system according to 

claim 8, in which the carbonizer comprises plural carbonization 

chambers, alternatively operable in rotation.   

 

13. The biomass power generation system according to 

claim 9, in which the carbonizer comprises plural carbonization 

chambers, alternatively operable in rotation.   

 

14. The biomass power generation system according to 

claim 10, in which the carbonizer comprises plural 

carbonization chambers, alternatively operable in rotation. 

  

15. The biomass power generation system according to 

claim 7, in which:  

said gasifier is a two-stage gasifier comprising a 

high-temperature gasification part for gasifying the 

carbonized material, and a gas reformer for reforming 

combustible pyrolysis gas containing tar volatilized 

in the production of said carbonized material, said 

gas reformer having an outlet;  

whereby the heat used for carbonization of the biomass in the  carbonizer
comprises not only the exhaust heat from the  generator set, but also heat
from the gaseous fuel generated  by the gasifier. 51 10. The biomass power
generation system according to  claim 8, further comprising a heat exchanger
arranged to  transfer part of the heat of the gaseous fuel generated by the
gasifier to the exhaust heat released by the generator set,  whereby the heat
used for carbonization of the biomass in the  carbonizer comprises not only
the exhaust heat from the  generator set, but also heat from the gaseous fuel
generated  by the gasifier. 11. The biomass power generation system
according to  claim 7, in which the carbonizer comprises plural carbonization
chambers, alternatively operable in rotation. 12. The biomass power
generation system according to  claim 8, in which the carbonizer comprises
plural carbonization  chambers, alternatively operable in rotation. 13. The
biomass power generation system according to  claim 9, in which the
carbonizer comprises plural carbonization  chambers, alternatively operable
in rotation. 14. The biomass power generation system according to  claim 10,
in which the carbonizer comprises plural  carbonization chambers,
alternatively operable in rotation. 15. The biomass power generation system
according to  claim 7, in which: said gasifier is a two-stage gasifier comprising
a  high-temperature gasification part for gasifying the  carbonized material,
and a gas reformer for reforming  combustible pyrolysis gas containing tar
volatilized  in the production of said carbonized material, said  
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and in which said system includes:   

means for feeding carbonized material produced in the 

carbonizer to the high-temperature gasification part 

of the two-stage gasifier;  

a pyrolysis gas flow path for sending the combustible 

pyrolysis gas produced in the carbonizer into the 

gas reformer of the gasifier; and   

gasifying agent feed means for feeding a gasifying agent 

to the high-temperature gasification part of the 

gasifier, and controllably feeding a gasifying agent 

containing oxygen to the gas reformer, whereby the 

temperature at the outlet of the gasifier can be 

prevented from falling below a predetermined 

temperature.  

 

16. A method of generating power comprising:  

operating a generator set and releasing exhaust heat in 

the operation of the generator set; 

utilizing said exhaust heat from the generator set for 

pyrolytically decomposing and carbonizing biomass 

in a carbonizer, thereby producing char and pyrolysis 

gas containing volatilized tar;  

effecting combustion and gasification of said char, and 

reforming said pyrolysis gas, in a gasifier, thereby 

generating a gaseous fuel; and  

utilizing said gaseous fuel as a fuel for operation of 

said generator set. 

 

17. The method of generating power according to claim 

16, in which the volatilized tar in said pyrolysis gas is 

reformed in said gasifiier at a temperature of at least 1100°C. 

 

gas reformer having an outlet; 52 and in which said system includes: means
for feeding carbonized material produced in the  carbonizer to the
high-temperature gasification part  of the two-stage gasifier; a pyrolysis gas
flow path for sending the combustible  pyrolysis gas produced in the
carbonizer into the  gas reformer of the gasifier; and gasifying agent feed
means for feeding a gasifying agent  to the high-temperature gasification part
of the  gasifier, and controllably feeding a gasifying agent  containing oxygen
to the gas reformer, whereby the  temperature at the outlet of the gasifier can
be  prevented from falling below a predetermined  temperature. 16. A method
of generating power comprising: operating a generator set and releasing
exhaust heat in  the operation of the generator set; utilizing said exhaust heat
from the generator set for  pyrolytically decomposing and carbonizing
biomass  in a carbonizer, thereby producing char and pyrolysis  gas
containing volatilized tar; effecting combustion and gasification of said char,
and  reforming said pyrolysis gas, in a gasifier, thereby  generating a
gaseous fuel; and utilizing said gaseous fuel as a fuel for operation of  said
generator set. 17. The method of generating power according to claim  16, in
which the volatilized tar in said pyrolysis gas is  reformed in said gasifiier at a
temperature of at least 1100C. 53 
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18. The method of generating power according to claim 

16, in which ash from said volatilized tar is melted in said 

gasifier and converted into slag.  

 

19.  The method of generating power according to claim 

16, in which the carbonizer comprises plural carbonization 

chambers,  and in which said carbonization chambers are operated 

in rotation.  

 

 

 

18. The method of generating power according to claim  16, in which ash
from said volatilized tar is melted in said  gasifier and converted into slag. 19.
The method of generating power according to claim  16, in which the
carbonizer comprises plural carbonization  chambers, and in which said
carbonization chambers are operated  in rotation. 54 


