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Summary of the invention 

 The present invention seeks to provide an improved reactor for producing a synthesis gas 

from a fuel, which is reliable and endurable, even when operated on fuels associated with a high 

number of contaminants ending up in the reactor. Contaminants that either are fuel bound like 5 

stones, metals and glass, or are the result of chemically reactions like agglomerates, and which 

require a higher extraction rate from the reactor. In other words, the present invention seeks to 

provide a solution to prevent fouling and/or plugging in a gasifier due to settling and/or bridging of 

inert materials and agglomerates. Furthermore, the present invention seeks to provide an 

improved reactor for producing a synthesis gas from a fuel, which is scalable, even when sized for 10 

several tens of tons per hour fuel feeding.  

The present invention provides a reactor for producing a synthesis gas from a fuel, 

comprising a housing) with a combustion part accommodating a first fluidized bed in operation, a 

riser extending along a longitudinal direction of the reactor) and accommodating a second 

fluidized bed in operation, a down-comer positioned parallel to the riser and extending into the first 15 

fluidized bed, and one or more feed channels for providing the fuel to the reactor,   

wherein the reactor further comprises a riser air chamber section connected to a lower 

part of the riser, the riser air chamber section comprising a cylindrical wall with a plurality of 

circumferentially located nozzle holes for providing air to the riser, 

 wherein the riser air chamber section comprises two sections of nozzle holes, an upper 20 

section with a first plurality of holes, and a lower section with a second plurality of holes, wherein 

a total aperture surface of the second plurality of holes is larger than a total surface aperture of 

the first plurality of holes.  

 This construction allows to use the circumferentially located holes as fluidization nozzles 

implementing the second fluidized bed during operation, and allows unrestricted movement of bed 25 

material (sand) in the second fluidized bed, greatly improving operational efficiency of the present 

reactor. As the fluidization medium (e.g. air) is being supplied from the side into the riser, this 

construction as such is not blocking or partially blocking the ash extraction from the riser. This 

furthermore assures that during operation the ashes and associated heavier inert materials can 

be extracted from the reactor without the risk of bridging and blockage of the bottom outlet of the 30 

reactor. 

It is noted that in the present invention reactor embodiments, multiple risers may be 

present, in combination with one or more down-comers. Also, a down-comer may be provided 

coaxially to an associated riser, or as a separate (lengthwise aligned) down-comer channel. This 

further enhances the scalability of the present invention reactor embodiments.  35 
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Further advantageous embodiments of the present invention reactor are described by the 

attached dependent claims. 

 

Short description of drawings 

 The present invention will be discussed in more detail below, with reference to the 5 

attached drawings, in which 

 Fig. 1 shows a cross sectional view of a reactor according to an embodiment of the 

present invention; 

 Fig. 2A shows a cross sectional view of a riser air chamber section of the reactor 

embodiment shown in Fig. 1; 10 

 Fig. 2B shows a detail view of a top corner of the riser air chamber section shown in Fig. 

2A;  

 Fig. 3A shows a perspective, partial cross-sectional view of a part of the reactor 

embodiment shown in Fig. 1; 

 15 
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CLAIMS 

 

 

1. A reactor for producing a synthesis gas from a fuel, comprising  

a housing (2) with a combustion part accommodating a first fluidized bed in operation,  5 

a riser (3) extending along a longitudinal direction of the reactor (1) and accommodating a 

second fluidized bed in operation, 

a down-comer (4) positioned parallel to the riser (3) and extending into the first fluidized 

bed, and  

one or more feed channels (33) for providing the fuel to the reactor (1),  10 

wherein the reactor (1) further comprises  

a riser air chamber section (B) connected to a lower part of the riser (3), the riser air 

chamber section (B) comprising a cylindrical wall (28) with a plurality of circumferentially located 

nozzle holes (24, 25) for providing air to the riser (3),  

wherein the riser air chamber section (B) comprises two sections of nozzle holes, an upper section 15 

with a first plurality of holes (25), and a lower section with a second plurality of holes (24), wherein 

a total aperture surface of the second plurality of holes (24) is larger than a total surface aperture 

of the first plurality of holes (25). 

 

2. The reactor according to claim 1, wherein a fluidization air chamber (27) is provided in 20 

communication with the first plurality of holes (25).  

 

3. The reactor according to claim 1 or 2, wherein a start-up air chamber (26) is provided in 

communication with the second plurality of holes (24).  

 25 

4. The reactor according to any one of claims 1-3, wherein the riser air chamber section (B) 

further comprises compressible material attached to an outside surface thereof. 

 

5. The reactor according to any one of claims 1-4, wherein the reactor (1) further comprises a 

riser spool pipe section (E) connected to a bottom part of the riser air chamber section (B).  30 

 

6. The reactor according to claim 5, wherein  

the riser air chamber section (B) comprises an upper mounting flange (22) for connection to the 

housing (2), and a lower mounting flange (23) for connection to a corresponding mounting flange 

of the riser spool pipe section (E),  35 

wherein a height (h2) of the cylindrical wall (28) extending above the upper mounting flange (22) is 

equal to or lower than a height (h1) of the riser spool pipe section (E).  

 

7. The reactor according to any one of claims 1-6,  
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the housing (2) comprising a first sloped bottom (31) of the first fluidized bed, and a second sloped 

bottom (32) in a transport zone connecting the first fluidized bed and the second fluidized bed 

through a transport aperture (39) in the riser (3),  

further comprising multiple groups of air nozzles (36, 37, 38) on the first sloped bottom (31) and the 

second sloped bottom (32), the multiple groups of air nozzles (36, 37, 38) being arranged to direct 5 

air along the respective first and second sloped bottom (31, 32).  

 

8. The reactor according to claim 7, wherein the multiple groups of air nozzles (36, 37, 38) 

comprises a first group of air nozzles (36) on the first sloped bottom (31), of which nozzle flows are 

directed at the centre of the reactor (1).  10 

 

9. The reactor according to claim 7 or 8, wherein the multiple groups of air nozzles (36, 37, 

38) comprises a second group of air nozzles (37) on the first sloped bottom (31), of which nozzle 

flows are directed at the transport zone. 

 15 

10. The reactor according to claim 7, 8 or 9, wherein the multiple groups of air nozzles (36, 37, 

38) comprises a third group of air nozzles (38) on the second sloped bottom (32), of which nozzle 

flows are directed at the transport aperture (39) in the riser (3). 

 

11. The reactor according to any one of claims 7-10, wherein the first and second sloped bottom 20 

(31, 32) have a sloping angle of between 5°-35°, e.g. at 15°, with respect to a cross sectional plane 

of the reactor (1). 

 

12. The reactor according to any one of claims 7-11, wherein the transport aperture (39) in the 

riser (3) is provided with a cover plate. 25 

 

13. The reactor according to any one of claims 1-12,  

further comprising a gas outlet distributor section (D), the gas outlet distributor section (D) 

comprising an inner cone (41) and an outer cone (42), wherein the inner and outer cone have a 

different apex opening angle and form an outlet channel with a constant cross section as function 30 

of a height of the gas outlet distributor section (D). 

 

14. The reactor according to claim 13, wherein the housing (2) comprises an inward extending 

ridge (43) supporting a lower edge of the gas outlet distributor section (D). 

 35 

15. The reactor according to claim 13 or 14, wherein expansion material (45) is provided on a 

surface of the outer cone (42) directed at a top part of the housing (2). 

 

16. The reactor according to any one of claims 13-15, wherein the inner cone (41) comprises 

a lifting lug (46) at a top apex of the inner cone (41). 40 
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17. The reactor according to any one of claims 13-16, wherein the inner cone (41) of the gas 

outlet distributor section (D) is positioned in the reactor (1) at a predetermined distance from a top 

edge of the riser (3). 

 5 
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