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CLAIMS 

 

1. A continuous-flow steam explosion reactor for pretreatment of organic 

material for further processing to value-added products, comprising: 

a loading section,  5 

a high-pressure retention section,  

a pressure relief section, and  

a discharge section, 

and wherein said high-pressure retention section comprises at least one 

adjustable-speed conveyor for transporting a stream of source material through 10 

said section, further comprising steam provision means connected to a source 

of steam, for providing steam into at least said high-pressure retention section, 

wherein said loading section is configured to transfer material at ambient 

pressure upstream of the loading section to said high-pressure retention section 

while retaining high pressure and temperature in the high-pressure retention 15 

section by means of steam injection to said loading section, and  

said pressure relief section is configured to transfer material from said high-

pressure retention section to a discharge section while retaining high pressure 

in the high-pressure retention section by means of steam injection to said 

pressure relief section, and  20 

wherein said steam injection means in said loading section and said steam 

injection means in said pressure relief section and loading and release from 

sections are synchronised such that pressure drop in the high-pressure 

retention section is minimal and high operating pressure and temperature is 

maintained during operation. 25 

 

2. The continuous-flow steam explosion reactor according to claim 1, comprising 

gas provision means connected to a source of pressurized gas into at least one 

of said high-pressure retention section, said loading section and said pressure 

relief section, to generate at least part of high pressure. 30 

 

3. The continuous-flow steam explosion reactor according to claim 2 wherein 

high temperature in the high-pressure retention section and pressure relief 
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section is achieved through steam injections and high pressure in said sections 

is achieved at least in part through additional pressurized gas injections.   

 

4. The continuous-flow steam explosion reactor according to any of claim 1 to 3, 

wherein said loading section comprises at least one rotary dosing valve and at 5 

least one rotary discharge valve, wherein said rotary dosing valve is 

dimensioned and configured to transfer a suitable dose of substrate to the 

rotary discharge valve, and said loading section comprises pressure adjustment 

means coupled to said steam provision means and/or said gas provision means, 

to adjust the pressure of a compartment in said rotary discharge valve such 10 

that the pressure and temperature within said high-pressure retention section is 

substantially maintained when said compartment discharges material to said 

high-pressure retention section.  

 

5. The continuous-flow steam explosion reactor according to any of claims 1 to 15 

3, wherein said loading section comprises at least one loading valve and at 

least one discharge valve, and at least one loading chamber in between said 

valves or being part of said discharge valve said loading chamber is coupled to 

said steam injection ports and optional gas injection means and provided with 

pressure relief mechanism, to pressurize and de-pressurize said chamber 20 

before discharging and loading, respectively, and to bring to desired 

temperature prior to discharging.  

 

6. The continuous-flow steam explosion reactor according to any of claims 1 to 

5, wherein said pressure relief section comprises at least one rotary dosing 25 

valve and at least one rotary discharge valve, wherein said rotary dosing valve 

is dimensioned and configured to transfer a suitable dose of substrate to the 

rotary discharge valve, and said pressure relief section comprises pressure 

adjustment means coupled to said steam provision means and/or said gas 

provision means, to adjust the pressure and temperature of a compartment in 30 

said rotary discharge valve after discharge, such that the pressure within said 

high-pressure retention section and said rotary dosing valve is substantially 
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maintained when said compartment returns to a position for receiving material 

from said rotary dosing valve. 

 

7. The continuous-flow steam explosion reactor according to any of claims 1 to 

5, wherein said pressure relief section comprises at least one loading valve and 5 

at least one discharge valve, and a chamber in between said valves, and said 

chamber equipped with steam injection ports and/or gas injection ports.  

 

8. The continuous-flow steam explosion reactor according any of the preceding 

claims, wherein said pressure relief section is configured to release material 10 

with a drop in pressure to said discharge section while retaining high pressure 

in the high-pressure retention section. 

 

9. The continuous-flow steam explosion reactor according to claim 7, wherein 

said pressure relief section comprises a pressure-relief valve connected to an 15 

upper portion of said chamber and wherein said loading valve of the pressure 

relief section is positioned below said pressure-relief valve, and a relief 

conduit extending from said pressure-relief valve for receiving escaping steam 

and/or gas, said discharge valve positioned at the bottom of the pressure relief 

section. 20 

 

10. The continuous-flow steam explosion reactor according to claim 9, wherein 

said relief conduit comprises a condenser, a discharge port and optional 

silencer.   

 25 

11.  The continuous-flow steam explosion reactor according to any of claims 2-10, 

wherein said pressurized gas comprises at least for some section(s) a partial 

pressure of carbon dioxide. 

 

12. The continuous-flow steam explosion reactor according to any of the 30 

preceding claims, which is configured for operating as an alkaline steam 

explosion reactor. 
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13. The continuous-flow steam explosion reactor according to claim 12, 

comprising at least one integrated scrubber unit, wherein said discharge 

section of the steam explosion reactor serves at the same time as said scrubber 

unit in that the section is configured such that discharge material from the 

steam explosion reactor serves as scrubbing medium, wherein the scrubber 5 

unit comprises at least one gas inlet provided within a lower part of the 

scrubber unit, such that when operated, an alkaline stream of material from the 

high-pressure retention section meets a gas stream to facilitate carbon dioxide 

scrubbing and/or scrubbing of other acidic gas components from said gas 

stream. 10 

 

14. The continuous-flow steam explosion reactor according to claim 13, wherein 

an upper part of the scrubber unit is adapted to receive delivery of a stream of 

material from the pressure-relief section under an angle with respect to the 

central axis of the scrubber unit, to direct said stream of material into a 15 

cyclone pattern by means of at least one internal spiral.  

 

15. The continuous-flow steam explosion reactor according to claim 14, wherein 

the scrubber unit comprises two inserted spirals which are vertically offset 

with respect to each other with the upper spiral having clearance from the 20 

inner wall of the scrubber while the lower spiral has no clearance, which 

effectuates partial velocity component perpendicular to the primary cyclone 

pattern flow of the stream of waste within the scrubbing unit, effectuated by 

material conveyed from the upper spiral to the lower spiral along the inner 

wall of the scrubber unit. 25 

 

16. The continuous-flow steam explosion reactor according to claim 15 wherein 

said lower spiral is provided with a corrugated pattern partly guiding material 

towards the center of the scrubber and a protruding rim at the inner edge of the 

spiral causing the perpendicular component of the material to splash and 30 

disperse towards the center of the scrubber unit. 
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17. The continuous-flow steam explosion reactor according to any of claims 13 to 

16, wherein the scrubber unit operates at a pressure in the range of about 1 to 

about 5 bar. 

 

18. The continuous-flow steam explosion reactor according to any of claims 13 to 5 

17, wherein said scrubber unit is provided with heat exchanging cooling 

elements to provide cooling of the scrubbing media and recovering heat from 

the steam explosion. 

 

 10 

19. The continuous-flow steam explosion reactor according to any of claim 13 to 

18, wherein said pressure-relief section serves as a first carbon dioxide 

scrubber, the system further comprising a secondary scrubber which is 

configured to be fed with a liquid fraction from said first scrubber as 

scrubbing media. 15 

 

20. The continuous-flow steam explosion reactor according to any of claim 1 to 19 

wherein the conveying speed is synchronised with the loading and releasing 

valves of the loading section and pressure relief section. 

 20 

21. A process for treatment of solid organic material that involves steam explosive 

disruption and making said material more accessible for further downstream 

processing, the process comprising: 

a) receiving a material stream comprising solid organic material, 

b) introducing the stream into a wetting and mixing section and 25 

wetting and mixing the solid organic material, 

c) transferring the stream from said wetting and mixing section 

through a loading valve of a loading section into a loading 

compartment, 

d) increasing the pressure in said loading compartment by introducing 30 

therein steam or pressurized gas such as pressurized air, 
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e) releasing material from said loading compartment to a high-

pressure retention section while maintaining high pressure and 

temperature in the high-pressure retention section, 

f) closing the loading section from the high-pressure retention 

section, 5 

g) relieving pressure in the loading section before the loading section 

is re-loaded from said wetting and mixing section. 

h) transferring the material continuously through the high-pressure 

retention section while subjecting to a high pressure and high 

temperature,  10 

i) loading a material dose that has been transferred through said high-

pressure retention section through a valve to a pressure relief 

section, releasing pressure from said pressure relief section to attain 

a steam explosion effect on said material dose, 

j) discharging said material dose into a lower pressure discharge 15 

section, 

k) closing the pressure relief section from the discharge section, 

l) increasing pressure in the pressure relief section such that high 

pressure is maintained in the high-pressure retention section when 

the pressure relief section is opened towards said high-pressure 20 

retention section for re-loading. 

 

22. The process according to claim 21, wherein in steps (c) to (g) a dose of 

substrate from the wetting and conditioning section is dosed with a rotary 

dosing valve into a compartment of a high-pressure rotary discharge valve, 25 

said high-pressure rotary discharge valve then rotates the loaded compartment 

to sealed position where steam and/or gas is injected into the loaded 

compartment to heat the material to the same level as that in the high-pressure 

retention section and to bring the pressure to the same or higher level as that in 

the high-pressure retention section before rotating said compartment to 30 

releasing material to the high pressure retention section, then rotating said 

compartment to a second sealed position where pressure is relieved before the 
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high-pressure rotary discharge valve rotates back to it's loading position for re-

loading at atmospheric pressure. 

 

23. The process according to claim 21, wherein in steps (c) to (g) a dose of 

substrate from the wetting and conditioning section is dosed through a loading 5 

valve into a loading chamber closed of from the high pressure retention 

section by a discharge valve, said loading valve is then moved into closed 

position and steam and optional gas is injected into the loading chamber to 

heat the material to the same level as that in the high-pressure retention section 

and to bring the pressure to the same or higher level as that of the high 10 

pressure retention section before opening said discharge valve to release 

material to the high pressure retention section, then closing said discharge 

valve and relieving pressure of the loading chamber before re-opening the 

loading valve for re-loading the loading chamber at atmospheric pressure. 

 15 

24. The process according to any of claims 21 to 23, wherein said releasing 

pressure in step (i) and discharge in step (j) are conducted in one step where 

pressure is released by discharging the material dose into said discharge 

section. 

 20 

25. The process according to any of claims 21 to 24, wherein in steps (i) to (l) 

suitable dose of substrate from the high pressure retention section is dosed 

with a high-pressure rotary dosing valve into a compartment of a high-

pressure rotary discharge valve, said high-pressure rotary discharge valve then 

rotates to discharge the loaded compartment into the discharge section before 25 

rotating to a sealed position where it is pressurized by steam and/or gas 

injection to the same or slightly lower level as that of the high pressure 

retention section before the high-pressure rotary discharge valve rotates back 

to it's loading position for re-loading from the high-pressure retention section. 

 30 

26. The process according to any of claims 21 to 24, wherein in steps (i) to (l) 

suitable dose of substrate from the high pressure retention section is dosed 

through a loading valve to a pressure relief chamber closed of from the 
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discharge section by a discharge valve, said loading valve is then moved into 

closed position and said discharge valve is opened to discharge the substrate 

material under pressure relief in to a lower pressure discharge section, then 

closing said discharge valve before the pressure relief chamber is pressurized 

by steam and/or gas injection to the same or slightly lower level than the high 5 

pressure retention section before opening of said loading valve for re-loading 

said pressure relief chamber from the high-pressure retention section. 

 

27.  The process according to any of claims 21 to 23, wherein said releasing 

pressure in step (i) is achieved by opening a pressure relief valve located in an 10 

upper part of said pressure relief section, above it's loading valve, allowing 

escaping gas and steam to exit through said pressure relief valve and a conduit 

opposite the pressure-relief valve, effectuating steam explosion of the 

substrate within the pressure relief section while substrate is maintained in the 

pressure relief section and discharge substrate material subsequently.  15 

 

28. The process according to claim 27 whereby the discharge of substrate material 

after pressure relief is assisted by increasing the pressure in the pressure relief 

chamber before opening said discharge valve to discharge said substrate 

material into said discharge section. 20 

 

29. The process according to any of claims 21 to 28, wherein loading and 

discharging of the high-pressure retention section in step (c-g) and of the 

pressure-relief section in step (i-l), pressure relief and material discharge from 

said compartments, and pressurisation of said loading and pressure relief 25 

sections is synchronized such that pressure drop in the high-pressure retention 

section is minimal during operation. 

 

30. The process according to any of claims 21 to 29, wherein conveying speed of 

the adjustable-speed conveyor is synchronised with loading and relief 30 

mechanisms. 
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31. The process according to any of claims 21 to 30, wherein high temperature 

and high pressure in said high-pressure retention section is achieved by 

introducing steam into said section and optionally further by introducing 

pressurized gas such as pressurized air. 

 5 

32. The process according to any of claims 21 to 31, wherein the stream of 

material is mixed with alkaline aqueous solution in the wetting and mixing 

section. 

 

33. The process according to claim 32, wherein the discharge section of the steam 10 

explosion reactor is at the same time utilized as scrubber for carbon dioxide 

and/or other acetic gases with the alkaline, steam exploded substrate and 

condensed steam providing the scrubbing media.  

 

34. The process according to claim 33 in a counter flow configuration comprising 15 

feeding a gas stream comprising carbon dioxide into or other acidic gases a 

lower section of said discharge section, wherein the alkaline steam explosion 

stream entering the top section and moving down the discharge section meets 

the gas stream passing through the discharge section and serves as the 

scrubbing media. 20 

 

35. The process according to claim 34, comprising transferring said stream from a 

pressure relief section into said discharge section and scrubber unit such that 

the flow of the stream enters at an angle with respect to the central axis of the 

scrubber unit on to flow guiding spirals promoting splashing and dispersion of 25 

said stream towards the centre of the scrubber. 

 

     

 

 30 

 




