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CONTROL OF THE GAS COMPOSITION OF A GAS SEPARATING PLANT 

WITH MEMBRANES 

 

The present invention relates to a method of controlling a gas separation plant, to a 

plant thus controlled and also to its use for separation of gas mixtures, especially in the 5 

processing of biogas or natural gas. 

 

Membranes are known to make it relatively easy to separate gases from each or one 

another in a pressure-driven process. Although the gases are indeed separated at low 

cost, purity of the products obtained is usually also low.   10 

Especially when both the components of a binary gas mixture are to be isolated in very 

pure form, greater expenditure has to be devoted to the technical organization of the 

membranes and to controlling the process than in the case of a simple single-stage 

interconnected arrangement where, for example, only the retentate component has to 

be obtained in a certain purity, while the permeate can be discarded (as with the 15 

production of nitrogen from air, for example). This increased expenditure is needed, 

for example, with the separation of carbon dioxide and methane (e.g. in natural gas or 

biogas), where methane as a material of value is supposed to ideally end up in the 

product gas in order that maximum added value may thus be achieved, and is supposed 

to end up in the off-gas at a very low concentration, if at all, since methane is a 20 

greenhouse gas and is not supposed to be passed into the atmosphere. There is a 

similar scenario with the separation of syngas into carbon monoxide and hydrogen. 

 

A partial pressure difference of each component between the retentate side and the 

permeate side of the membrane is the driving force of separation in a classic separation 25 

of a binary gas mixture with a membrane. For a certain pressure level on the retentate 

side a certain amount of gas mixture can be driven through the membrane in order to 

obtain a certain concentration of the slower component in the retentate gas. If, then, the 

composition of the feed gas changes, the compositions of the retentate gas and of the 

permeate gas will also change. The system undergoes the same change when the feed 30 
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gas rate changes. Normally, the concentration changes in the retentate gas and/or 

permeate gas are taken as the controlled variable and hence either the feed gas rate or 

the retentate pressure adjusted such that the desired concentration in the permeate 

and/or retentate is reestablished. Examples of such control regimes are found, for 

example, in EP 1 324 815, US 4,806,132 and US 5,281,253. 5 

 

As mentioned, very pure end products are often isolated using multi-stage 

interconnected membrane arrangements. Examples thereof are found in 

WO 2012/000727, US 6,565,626 and US 6,168,649.  

 10 

Concentrations in the product streams in a single-stage or retentate-staged two-stage or 

three-stage interconnected arrangement cannot be set without influencing the two 

concentrations relative to each other. Changing, for example, the retentate pressure in 

the retentate product stream (= main or operating pressure of the system), the 

composition of the permeate changes as well as the composition of the retentate. The 15 

same logic applies to changing the feed gas rate. 

 

The use of a three-stage interconnected arrangement as disclosed in the 

WO2012000727 A1 application separates a mixture of methane and CO2 such that 

methane is obtained in a yield of above 99% while the purities of the retentate gases 20 

and permeate gases distinctly exceed 97%. This process thus separates a gas mixture of 

two or more components in a three-stage interconnected arrangement such that two 

components can be isolated in relatively pure form when the gas mixture is a binary 

mixture. If, however, during this process the composition of the raw gas changes or if a 

larger or smaller amount of raw gas is to be processed, the composition of the retentate 25 

gas and of the permeate gas will change considerably in each case, which is 

undesirable. Connecting such a gas separation plant to a biogas plant, for example, is 

accordingly problematic.  

This is because if changes in the feed stream are sought to be corrected via a change in 

the main pressure (= operating pressure, or pressure in the retentate product stream, or 30 
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retentate product gas pressure), retentate volume flow will also change. This is 

undesirable in many cases, since the gas in these cases is fed into a transportation line 

and the latter requires a minimum pressure and often also a minimum and/or maximum 

volume. There are accordingly some prior art proposals, for example in EP 1 324 815, 

to install a further compressor in the product stream to regulate the pressure for the 5 

transportation line. This is disadvantageous energywise and costly and inconvenient in 

terms of control technology and therefore commercially unattractive. Furthermore, as 

explained above, a three-stage interconnected arrangement cannot be used to influence 

permeate quality independently of retentate quality by adjusting the main pressure. 

 10 

There accordingly continues to be a great need for gas mixture separation plants and/or 

control thereof which can be connected to gas sources having varying raw gas 

composition, pressures and rates and can deliver two or more products in high purity 

simultaneously, at consistent quality and consistent product gas pressure.  

 15 

It is an object of the present invention to provide a method of controlling a gas 

separation plant and a gas separation plant thus controlled where the disadvantages of 

prior art methods and plants, respectively, are absent or much reduced. 

 

It is a specific object to provide a method and a plant which are each capable of 20 

delivering two or more products in high purity simultaneously. 

It is a very specific object to provide a method and a plant which are each capable of 

delivering two or more products in high purity simultaneously even if the raw gas 

composition and/or pressure and/or volume vary. This plant or method shall more 

particularly also facilitate the delivery of consistent qualities, i.e. within narrow ranges 25 

of variation, preferably in continuous operation. 

 

The method/plant of the present invention shall be particularly flexible in a specific 

object and retentate and permeate qualities shall be controllable independently of each 

other. In a very specific object, it shall be possible for the capacity of the plant to be 30 
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adjusted, for example conformed to changes in the raw gas flow, without having to 

free up or close down membrane areas, and/or to modulate the main pressure (pressure 

of the retentate product gas stream), to obtain product gas streams which without 

additional recompression are useful as a, preferably continuous, feed for a gas 

transportation line. 5 

 

The control system of the present invention shall preferably be simple and optionally 

integratable in existing plants. 

 

Further objects not referred to explicitly are apparent from the overall context of the 10 

present description, examples, claims and drawings. 

 

The objects of the present invention are achieved by an apparatus according to Claims 

1 and 17 and by a method according to Claim 8, respectively. 

 15 

The method of the present invention and the apparatus of the present invention are 

characterized in that they concern an interconnected membrane arrangement 

comprising at least a feed stream separation stage (1), a retentate separation stage (2) 

and a permeate separation stage (3), wherein the second permeate stream (9a + 9b) of 

the retentate separation stage (2) and the third retentate stream (10a + 10b) of the 20 

permeate separation stage (3) are recycled and mixed with the raw gas stream. By 

controlling the flow rates of the two streams (9a) and (10a) and hence the permeate 

pressure of the retentate separation stage (2) and the retentate pressure of the permeate 

separation stage (3), the inventors surprisingly succeeded in achieving the stated 

objects.  25 

The inventors thereby succeeded in providing a method and a plant in each of which 

the purities and yields of the product streams of retentate separation stage (2) and of 

the permeate separation stage (3) can be controlled independently of each other. Very 

high yields coupled with very good purities are obtainable even in the event of 

fluctuations in the raw gas stream. 30 
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The method of the present invention further makes it possible to keep the main 

pressure (retentate pressure of retentate separation stage (2)) constant, so the plant of 

the present invention can be connected to a gas transportation line without additional 

compression means. 5 

 

The plant of the present invention is particularly useful for processing raw gas streams 

from biogas plants. In plants of this type, the amount of raw gas generated and the 

composition of the raw gas change very often. The fluctuations are readily 

compensated out by the control provided by the present invention.  10 

 

The control provided by the present invention is simple and can be integrated in 

existing gas separation plants.  

 

The method of the present invention is also flexible because two or more different 15 

kinds of sensors can be used alone or together. Compositions of streams can be used to 

control the pressures in the separation stages (2) and (3), as well as flow rates of 

streams supplied to these separation stages. Notably with the use of flow rate sensors 

an economical, fast, accurate and simple method is made available after calibration. 

 20 

Consequently the present invention provides apparatuses according to Claims 1 and 17 

and a method according to Claim 8. Preferred embodiments are protected in the 

dependent claims. 

 

The present invention will hereinbelow be described in detail. First some important 25 

terms will be defined. 

 

The ratio of the permeances of the individual gases determines the selectivity of the 

membrane with regard to separating two gases and thus indicates how efficiently the 

membrane is capable of separating a gas mixture with regard to the two components. 30 
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The term permeate applies to the entire stream generated on the low-pressure side of 

the membrane, membrane modules or membrane separation step. 

 

Permeate gas refers to the component(s) which the membrane, the membrane module 

or the membrane separation step each enriches in the permeate stream compared with 5 

the respective entry stream.  

 

Retentate refers to the entire stream generated on the high-pressure side of the 

membrane, membrane modules or membrane separation step and not passing through 

the membrane. 10 

 

Retentate gas refers to the component(s) which the membrane, the membrane module 

or the membrane separation step each enriches in the retentate stream compared with 

the respective entry stream.  

 15 

Raw gas/raw gas mixture/raw gas stream (17) refers to a gas mixture of two or more 

gases and to a stream of this gas mixture which are each to be separated using the 

method of the present invention and/or the apparatus of the present invention. 

 

Feed stream (5) refers to a gas stream supplied to the feed stream separation stage (1). 20 

This stream can correspond to raw gas stream (17), respectively to the raw gas stream 

compressed by a compressor, at the start of the method. After recycle of the second 

permeate stream (9b) and of the third retentate stream (10b), the feed stream (5) is 

composed of the gases of the raw gas stream (17), of the second permeate stream (9b) 

respectively of the third retentate stream (10b). The feed stream (5) can be obtained by 25 

the streams (9b) and (10b) being mixed either both with the uncompressed raw gas 

stream (17) or both with the compressed raw gas stream or one with the uncompressed 

and one with the compressed raw gas stream, or by the streams (9b) and/or (10b) being 

mixed with the raw gas stream (17) in the compressor. Combinations of the versions 

described above also form part of the subject-matter of the present invention.  30 
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Feed stream separation stage (1) refers to a membrane separation stage for 

separating the feed stream (5) into a first permeate stream and a first retentate stream, 

(6) and (7), respectively. 

Retentate separation stage (2) refers to a membrane separation stage (which may be 5 

identical or different in construction to the feed stream separation stage (1)) for 

separating the first retentate stream (7) into a second permeate stream and a second 

retentate stream, (9a + 9b) and (8), respectively. 

 

Permeate separation stage (3) refers a membrane separation stage (the construction 10 

of which can be identical to or different from that of the feed stream separation stage 

(1) and/or retentate separation stage (2)) for separating the first permeate stream (6) 

into a third permeate stream and a third retentate stream, (11) and (10a + 10b), 

respectively. 

 15 

The hereinbelow described preferred and specific embodiments of the method 

according to the present invention and also the preferred and particularly suitable 

designs and also the drawings and descriptions of drawings will now be used to 

provide a merely illustrative further elucidation of the invention; that is, the invention 

is not limited to these exemplary embodiments and uses or to the particular 20 

combinations of features within individual exemplary embodiments.   

 

Individual features indicated and/or depicted in connection with concrete exemplary 

embodiments are not restricted to these exemplary embodiments or to the combination 

with the other features of these exemplary embodiments, but can be combined where 25 

technically possible with any other versions even though these are not separately 

discussed in the present document. 

 

Identical reference signs in the individual figures and illustrations of the drawings 

designate identical or similar components or components acting in an identical or 30 
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similar manner. The depictions in the drawing also illustrate those features without 

reference signs, irrespective of whether such features are subsequently described or 

not. On the other hand, features which are included in the present description but are 

not visible or depicted in the drawing are also readily apparent to a person skilled in 

the art. 5 

 

The present invention relates to an apparatus for separating gases, comprising as 

membrane separation stages at least a feed stream separation stage (1), a retentate 

separation stage (2) and a permeate separation stage (3) and also at least one 

compressor (4) and/or at least one, preferably one or two, vacuum pump(s), 10 

wherein 

said feed stream separation stage (1) separates a feed stream (5), consisting 

of two or more components, into a first permeate stream (6) and a first retentate 

stream (7),  

said retentate separation stage (2) divides said first retentate stream (7) into 15 

a second permeate stream (9a + 9b), wherein (9a) characterizes the part-stream 

upstream of said control means (18) and downstream of said retentate separation 

stage (2) and (9b) characterizes the part-stream downstream of said control 

means (18), and said part-stream (9b) is supplied to said feed stream (5), and a 

second retentate stream (8) which is removed as product or further processed,  20 

said permeate separation stage (3) divides said first permeate stream (6) 

into a third retentate stream (10a + 10b), wherein (10a) characterizes the part-

stream upstream of said control means (19) and downstream of said permeate 

separation stage (3) and (10b) characterizes the part-stream downstream of said 

control means (19), and said part-stream (10b) is supplied to said feed stream 25 

(5), and a third permeate stream (11), which is removed as product or further 

processed or discarded. 

 

The apparatus of the present invention is characterized in that  
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- said second permeate stream (9a + 9b) comprises at least one permeate 

control means (18) with which the permeate pressure of said retentate 

separation stage (2) can be raised or lowered and which is controlled on the 

basis of measured values from one or more measuring means (20a) in said 

first retentate stream (7) and/or one or more measuring means (20b) in said 5 

second retentate stream (8),  

and 

- said third retentate stream (10a + 10b) comprises at least one retentate control 

means (19) with which the retentate pressure of said permeate separation 

stage (3) can be raised or lowered and which is controlled on the basis of 10 

measured values from one or more measuring means (21a) in said first 

permeate stream (6) and/or one or more measuring means (21b) in said third 

permeate stream (11).  

 

The method/apparatus of the present invention is notable for being configured such 15 

that even with varying compositions or amounts or pressures of the raw gas stream 

(17) which is supplied to the feed stream (5) together with the second permeate stream 

(9b) and the third retentate stream (10b), the control provided by the present invention 

is able to ensure consistent yield and quality for the two product gas streams (8) and 

(11). It must be emphasized in particular that the purities of product gas streams (8) 20 

and (11) can be controlled independently of each other; that is, control over the purity 

and yield of the two product streams has been successfully decoupled – in contrast to 

the prior art methods. The control means (18) and (19) used according to the present 

invention, which are disposed in the return streams (9a + 9b) and (10a + 10b), are 

responsible for this. 25 

 

"Control means" in the context of the present invention are to be understood as 

meaning devices, structural components, plants or parts of plants which make it 

possible to raise or lower the pressure in the return streams (9a) and (10a). A 

nonexhaustive list of possible control means includes: pressure-lowering or pressure-30 
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raising valves, gas-depressurizing means, vacuum pumps, blowers, compressing 

means, especially compressors.   

 

The control means (18) and (19) are regulated with measured values determined by the 

measuring means (20a), (20b), (21a) and (21b).  5 

In a first preferred embodiment of the present invention, the measuring means (20b) 

and (21b) determine as parameters of product streams (8) and (11) the content of one 

or more components in the gas streams. The parameters of product gas streams (8) 

and/or (11) can be determined with the measuring means (20b) and (21b) online or 

offline, depending on the measuring means used. An online measurement is preferable 10 

because regulation can be faster as a result. A person skilled in the art knows suitable 

measuring means. Preferably, however, they are gas-measuring devices capable of 

measuring the composition of the gas streams in respect of one or more components, 

especially inline measuring devices which measure directly in the gas stream (via 

infrared absorption or sonic speed, density, Coreolis, for example) and external 15 

measuring devices according to the same principles of measurement, which take a 

sample from the stream and measure it either continuously or non-continuously. These 

have the advantage that the composition can be determined very quickly and is 

immediately available as an input variable in the control system.  

 20 

In the event of a variation in the composition of the raw gas or some change in the 

amount or pressure of the raw gas stream (17) and/or of feed stream (5), the properties, 

for example the compositions, of product streams (8) and (11) would change in the 

absence of any counter-control. The measuring means (20b) and (21b) register such 

changes and initiate a counter-control measure via the control means (18) and (19), so 25 

the plant of the present invention can be controlled such that the properties, especially 

the compositions, of product gas streams (8) and (11) are back in a predetermined 

range/corridor. The plant of the present invention allows simultaneous control of the 

two product gas streams (8) and (11), or else keeping just one of the two streams in the 

predetermined corridor.    30 
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In this first preferred embodiment of the present invention, therefore, the present 

invention provides methods wherein the plant of the present invention is controlled 

according to the following alternatives: 

 5 

i. The concentration of a less readily permeating component B (optionally also 

determined through a parameter correlating therewith) of said second 

retentate stream (8) falls below a predetermined setpoint value, the pressure 

of said second permeate stream (9a) is thus lowered by said permeate control 

means (18) until said parameter, particularly the desired concentration, is 10 

back in the setpoint range. 

ii. The concentration of a less readily permeating component B (optionally also 

determined through a parameter correlating therewith) of said second 

retentate stream (8) rises above a predetermined setpoint value, the pressure 

of said second permeate stream (9a) is thus raised by said permeate control 15 

means (18) until said parameter, particularly the desired concentration, is 

back in the setpoint range. 

iii.  The concentration of a less readily permeating component B (optionally also 

determined through a parameter correlating therewith) of said third permeate 

stream (11) falls below a predetermined setpoint value, the pressure of said 20 

third retentate stream (10a) is thus raised by said retentate control means (19) 

until said parameter, preferably the desired concentration, is back in the 

setpoint range. 

iv.  The concentration of a less readily permeating component B (optionally also 

determined through a parameter correlating therewith) of said third permeate 25 

stream (11) rises above a predetermined setpoint value, the pressure of said 

third retentate stream (10a) is thus lowered by said retentate control means 

(19) until said parameter, particularly the desired concentration, is back in 

the setpoint range. 

 30 
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In a second preferred embodiment, the apparatus according to the present invention 

comprises measuring means (20a) and (21a). The measuring means (20a) and (21a) 

determine parameters of the first retentate stream (7) and of the first permeate stream 

(6), respectively, such as the volume flow for example. In this embodiment, it is 

accordingly not the properties of 5 

product streams (8) and (11) which are analyzed, but properties of gas streams 

supplied to the second/third membrane separation stage.  

 

In the event of a fluctuation in the composition or a change in the amount or pressure 

of the raw gas stream (17) or of the feed stream (5), this, absent any counter-control, 10 

has an effect on the properties, for example the composition or the amounts and 

pressures, of the first permeate stream (6) and of the first retentate stream (7), 

respectively. The measuring means (20a) and (21a) register such changes.   

Plant calibration makes it possible to correlate these properties of the first permeate 

stream (6) with those of the third permeate stream (11) (second product stream) and 15 

those of the first retentate stream (7) with those of the second retentate stream (8) (first 

product stream). Therefore, the measuring means (20a) and (21a) can also be used to 

control the properties, especially the composition and yield, of the two product streams 

(8) and (11). This is again accomplished using the control means (18) and (19). The 

control over the compositions of product gas streams (8) and (11) is also decoupled in 20 

this embodiment and they can each be regulated independently of each other. 

Properties of the second retentate stream (8) (first product stream) and of the third 

permeate stream (11) (second product stream) are to be understood in this case as 

meaning parameters which can be measured on the particular stream and which the 

plant of the present invention is to maintain within a certain range or manoeuvre into a 25 

certain range. It is particularly preferable for the composition and/or the pressure 

and/or the rate/volume flow of the particular product streams to be concerned, since 

these parameters have to be within certain limits for feeding the product gas into a 

pipeline. These properties/parameters are herein also referred to as properties 
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correlated with the particular volume flow of the first retentate stream (7) or of the first 

permeate stream (6).        

 

As explained, there first has to be a one-off calibration of the plant in this embodiment 

of the present invention. However, this initial extra expense and inconvenience is more 5 

than compensated by the fact that, after calibration, a simple flow rate measurement of 

streams (6) and (7) can take place which is faster and cheaper than, for example, to 

continuously monitor the composition of product gas streams (8) and (11).   

 

The basic principles of calibration will now be elucidated using a biogas plant with a 10 

three-stage interconnected arrangement of the present invention as an example. The 

apparatus of the present invention can be calibrated as follows:  

 

First, setpoint concentrations are elected for the less readily permeating component B 

in the third permeate stream (11) and in the second retentate stream (8). Then, the 15 

composition, for example, of the raw gas stream (17) is varied and the measuring 

means (20a) and (21a) are used to determine the changes in the target parameters, the 

volume flow in this example calibration, of the first retentate stream (7) and of the first 

permeate stream (8). Concurrently, the measuring means (20b) and (21b), via gas 

sensors for example, are used to determine the changes in the compositions of the third 20 

permeate stream (11) and of the second retentate stream (8). In addition, the permeate 

pressure of retentate separation stage (2) and the retentate pressure of permeate 

separation stage (3) are measured. Using the control means (18) and (19), said 

permeate and, respectively, retentate pressures can be adjusted until the setpoint 

concentration of component B in the third permeate stream (11) and in the second 25 

retentate stream (8) is restored. It is then possible to plot the measured volume flows of 

the first retentate stream (7) against the permeate pressure of retentate separation stage 

(2) and the volume flows of the first permeate stream (6) against the retentate pressure 

of permeate separation stage (3). Figure 2 shows by way of example how the pressure 

in the permeate of retentate separation stage (2) has to be adjusted to maintain a 30 
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consistent concentration for the less readily permeating component B in retentate 

stream (8). It must be mentioned that the gas composition of the raw gas stream here 

causes a parallel translocation of the curves. This is also apparent in Figure 2, where 

the curve trajectory of the necessary permeate pressure of retentate separation stage (2) 

as a function of volume flow of the first retentate stream (7) is indicated for three 5 

different raw gas compositions (45, 55 and 65% of component B). As can be seen, the 

result is a separate distinct curve for each raw gas composition.  

 

Where the separation objective is merely to ensure a minimum quality for the less 

readily permeating component B in the second retentate stream (8), the method of the 10 

present invention can be simplified by abstaining from determining various curves for 

different concentrations of the worse permeant of the raw gas and only using the 

operating curve with the highest concentration of the more readily permeating 

component A. Alternatively, only the operating curve with the lowest concentration of 

the less readily permeating component B can be used. When the concentration of the 15 

less readily permeating component B in the raw gas increases, it ought actually be 

necessary to increase the pressure in the permeate of stage 2 in order that the 

concentration of the less readily permeating component B in the retentate gas of stage 

2 may be kept constant. When the pressure is not adjusted, the concentration of 

component B in the retentate of stage 2 rises, but will always be above the defined 20 

minimum setpoint value on using the calibration line with the lowest concentration of 

component B in the raw gas. 

While two or more curves at different raw gas compositions result in the case of 

retentate stream (8), the data for the pressures of the retentate of permeate separation 

stage (3) versus the volume flow of the first permeate stream (6) can be on one curve 25 

(see Figure 3 as an example). 

 

By using the mathematical functions derived for the curves obtained, then, it is 

possible – solely by measuring the volume flow using the measuring means (20a) 

and/or (21a) – to ensure rapid control of the plant even without more costly and 30 
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inconvenient measurement of concentrations in the product streams using measuring 

means (20b) and (21b), even when the raw gas composition changes or when more raw 

gas is to be processed.   

 

In case of a varying amount of raw gas it is advantageous for the control means 5 

(controller means) of the compressor to receive a signal from a fill level meter in the 

biogas plant (e.g. gas bag or pressure in the fermenter) or from a sensor in the raw gas 

stream (17). The compressor can then also be controlled such that the setpoint level of 

raw biogas is preserved. The plant then regulates itself according to the regulation 

mechanism described above. Details regarding this preferred embodiment are found 10 

hereinbelow. 

 

Flow rate meters (mass or volume) are used as measuring means (20a) and/or (21a). 

Parameters can be determined by the measuring means (20a) and (21a) online or 

offline. An online measurement is preferable. A person skilled in the art knows 15 

suitable measuring means. 

 

The present invention in this embodiment accordingly provides methods in which the 

plant of the present invention is preferably controlled according to one or more of the 

following alternatives: 20 

v. The volume flow of said first retentate stream (7) (optionally also 

determined through a parameter correlating therewith) rises above a 

predetermined setpoint value, the pressure of said second permeate stream 

(9a) is thus lowered by said permeate control means (18) until the 

necessary pressure is reached according to the calibration curve and thus 25 

the desired property of said second retentate stream (8), preferably the 

composition of said second retentate stream (8), is back in the setpoint 

range. 

vi. The volume flow of said first retentate stream (7) (optionally also 

determined through a parameter correlating therewith) falls below a 30 
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predetermined setpoint value, the pressure of said second permeate stream 

(9a) is thus raised by said permeate control means (18) until the necessary 

pressure is reached based on the calibration curve and thus the desired 

property of said second retentate stream (8), preferably the composition of 

said second retentate stream (8), is back in the setpoint range. 5 

vii. The volume flow of said first permeate stream (6) (optionally also 

determined through a parameter correlating therewith) rises above a 

predetermined setpoint value, the pressure of said third retentate stream 

(10a) is thus raised by said retentate control means (19) until the necessary 

pressure is reached based on the calibration curve and thus the desired 10 

property of said third permeate stream (11), preferably the composition of 

said third permeate stream (11), is back in the setpoint range, 

viii. The volume flow of said first permeate stream (6) (optionally also 

determined through a parameter correlating therewith) falls below a 

predetermined setpoint value, the pressure of said third retentate stream 15 

(10a) is thus lowered by said retentate control means (19) until the 

necessary pressure is reached based on the calibration curve and thus the 

desired property of said third permeate stream (11), preferably the 

composition of said third permeate stream (11), is back in the setpoint 

range. 20 

 

One immense advantage of the plant according to the present invention and of the 

method according to the present invention resides in the extremely flexible plant 

capacity, i.e. the ability to vary plant output and to conform it to the demand for 

product gas. This, as mentioned, can be done without freeing up/closing down of 25 

membrane areas. In one preferred embodiment of the present invention, the 

performance of the plant of the present invention is raised or lowered by changing the 

volume throughput of said compressor (4), and a resultant change in the concentration 

of said less readily permeating component B in said second retentate stream (8) is 

counteracted as per method alternatives i/ii, and a resultant change in the concentration 30 
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of said less readily permeating component B in said third permeate stream (11) is 

counteracted as per method alternatives iii/iv and/or a resultant change in the flow rate 

of said first retentate stream (7) is counteracted according to method alternatives v/vi, 

and/or a resultant change in the flow rate of said first permeate stream (6) is 

counteracted according to method alternatives vii/viii.      5 

 

The above-described methods i to viii can be combined with each or one another, 

and/or hybrid forms can be used. Measuring means (20a), (20b), (21a) or (21b) refers 

to individual measuring devices, machines, etc., but also combinations or connected 

assemblies of two or more devices, machines, etc.   10 

The measuring means (20a), (20b), (21a) or (21b) can be combined with each or one 

another in a flexible way in the various method alternatives. For instance, a measuring 

means (20a) can be used together with a measuring means (20b) to regulate the 

permeate control means (18). In this case, there would be a backup measuring system 

whereby the measuring systems can be checked and counter-checked against each 15 

other. In this way it is possible to ascertain, for example, if a measuring means has 

failed. Corresponding embodiments of the present invention are easily findable from 

the description and the examples of the present invention by a person skilled in the art, 

and are also encompassed by the invention.  

 20 

Depending on the measuring and/or control means used and also the number thereof, it 

can be advantageous for at least one data-processing means (not shown in the Figures), 

preferably at least one computer, to be connected inbetween the measuring and control 

means. This provides easy central control over the apparatus/method of the present 

invention and a way of logging and coordinating the various measured 25 

values/regulating steps. Corresponding technical solutions are commercially available 

and/or known to those skilled in the art and are co-encompassed by the scope of the 

present invention. 
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Flow meters are used as measuring means (20a) and/or (21a) in said first retentate 

stream (7) and/or in said first permeate stream (6) in the method of the present 

invention. 

 

It is preferable to use an online or offline measuring means (20b) and/or (21b) in said 5 

second retentate stream (8) and/or in said third permeate stream (11) to determine the 

composition of the particular gas mixture. 

In addition to the streams (9a + 9b) and (10a + 10b) being controlled by the control 

means (18) and (19), as described above, the present invention also encompasses 

embodiments in which still further open/closed loop controls are incorporated in the 10 

apparatus/method. 

 

In a further preferred embodiment, the apparatus of the present invention comprises a 

controller means (24) (not shown in the Figures) to regulate the performance of the 

compressor (4), preferably its rotary speed and hence its volume throughput. A 15 

frequency transformer would be an example thereof.  

 

The controller means is preferably used to adjust the performance of the compressor to 

the amount of raw gas (the production of biogas in a fermenter, for example) to be 

separated or to the amount of product gas (e.g. methane stream in retentate stream (8)) 20 

to be produced. The change in the production amount of raw gas (e.g. raw biogas from 

a biogas plant) can for example be read off on a fill level indicator of a raw gas 

intermediate store or at the pressure of the raw gas in a fermenter. When the fill level 

or the pressure in the fermenter rises, the separation capacity of the membrane 

separation plant can be increased by increasing the rotary speed of the compressing 25 

means. The pressure in the fermenter or the fill level in the intermediate store can thus 

be kept constant or lowered. If, by contrast, the fill level in the intermediate store or the 

pressure in the fermenter decreases, the separation capacity of the membrane 

separation plant can be lowered by reducing the rotary speed of the compressor and 

thereby the fill level in the intermediate store or the pressure in the fermenter be kept 30 
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constant or lowered. A change in the feed volume flow (5) as a result of a change in 

the rotary speed of the compressor would result in a changed composition for the 

retentate stream (8) and for the permeate stream (11). An immense advantage on the 

part of the present invention is that this change can be prevented by the closed-loop 

control mechanisms described above in this invention. By providing this form of 5 

control of the plant in respect of the capacity and quality of product gases, then, the 

present invention makes it possible for the separation capacity of the plant and the 

composition of product gas streams (8) and (11) to be controlled independently of each 

other. Therefore, the capacity of the plant can be changed within certain limits via the 

control means (18) and (19) and the controller means of the compressor without 10 

changing the product gas qualities in streams (8) and (11), without having to adjust the 

retentate pressure in separation stages (1) and (2) and without membrane areas having 

to be freed up or closed down.  

 

This flexibility in capacity can be restricted to a certain range of compressor speed and 15 

hence raw gas volume throughput, which is determined by the design of the plant, 

especially with regard to pressure in the separation stages, area ratios of membranes in 

the individual separation stages (1), (2) and (3) and particularly with regard to 

control means (18) and (19) and their bandwidth in relation to setting the pressure in 

the respective gas streams (9a) and (10a). If, for example, the minimum possible 20 

pressure in permeate stream (9a) is 0.3 bara, then this is the limiting parameter for the 

feed gas volume flow (5). A further increase in feed gas volume flow (5) would mean 

that the concentration of the slower component B in retentate stream (8) would fall 

below the setpoint value and accordingly the desired operating point of the plant could 

no longer be maintained. The same holds in the event that the pressure in permeate 25 

(9a) could not be increased any further than, for example, ambient pressure. This 

pressure, then, limits the reduction in feed volume flow (5), since a further reduction in 

feed volume flow (5) would cause the content of the less readily permeating 

component B in retentate (8) to rise above the setpoint value.  

 30 
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"Controller means" herein is to be understood as referring to the control unit of the 

compressor, which controls the performance of the compressor, preferably its rotary 

speed. This controller means can be configured such that it processes measured data 

from sensors in raw gas stream (17) and/or in upstream stores or production means. 

For example, the signal from the measuring means can then be used to control a 5 

frequency transformer of a compressing means. Appropriate compressors and 

controller/control means are commercially available and known to those skilled in the 

art.  

 

The embodiment described above, i.e. compressor performance control and 10 

adjustment, can be used to ensure that the separation capacity of the membrane 

separation plant is conformed to the requirements of raw gas production and/or 

necessary amounts of product gases (8) and (11). Fluctuations in the gas composition 

of streams (8) and (11) due to the amount of raw gas (17) to be processed and its 

composition varying, are compensated out by control means (18) and (19). 15 

 

In a further preferred embodiment, the apparatus of the present invention is configured 

such that changing amounts of recycled gas from said second permeate stream (9b) and 

said third retentate stream (10b) are equalized, preferably automatically, by a 

regulation of the supplied amount of raw gas, from the raw gas stream (17). This 20 

occurs particularly preferably without changing the rotary speed of said compressor. 

This permits the use of simpler and less costly, unadjustable compressors.    

 

The measuring means (22) and (23) employed in this embodiment can be gas sensors, 

volume or mass flow rate meters or manometers in the second permeate stream (9b) 25 

and/or the third retentate stream (10b). The feed rate of raw gas is preferably controlled 

by a raw gas stream control means (25) in the raw gas stream. The raw gas stream 

control means has to be capable of replacing the missing quantity (= difference 

between aspirated amount of compressing means and sum total of recycled streams 

(9b) and (10b)). This is accomplished for example by constructing the raw gas stream 30 
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control means as a pressure measurement on the suction side of compressing means 

(4). A dosage apparatus (e.g. an adjustable analogue valve or a blower or a 

compressing unit) controlled by this pressure measurement can then maintain a 

consistent pressure via differently fed quantities of raw gas (17). If the raw gas is under 

a pressure which conforms to the specifications of the aspirating pressure of the 5 

compressor, the raw gas quantity needed in addition to the return streams (9b) and 

(10b) can also be aspirated directly by the compressor without any additional raw gas 

control means (17). Again, a data-processing means can be connected between the 

measuring means (22) and (23) and also raw gas stream control means (25). 

 10 

In principle, the aforementioned data-processing means may concern different means, 

i.e. two or more data-processing means can be used in the method of the present 

invention. These data-processing means can optionally be networked together. 

Preferably, however, only one central data-processing means is used to centrally 

supervise and regulate all measuring and control steps.   15 

 

The apparatus of the present invention, see Figure 1 by way of example, comprises as 

mentioned an interlinking of three membrane separation stages at least. Each stage 

consists of one or more physical gas separation modules which are interconnected in 

parallel and/or serially within any one stage. The driving force for gas separation in the 20 

modules is a partial pressure difference created between the retentate and permeate 

sides in the respective membrane separation stages. The partial pressure difference is 

created by a compressor (4), arranged on the feed side of feed stream separation stage 

(1), and optionally by at least one, preferably one or two, vacuum pump(s) (not 

depicted in Figure 1) downstream of the feed stream separation stage (1), preferably on 25 

the permeate side of retentate separation stage (2) in the second permeate stream (9a + 

9b) and/or on the permeate side of permeate separation stage (3) in the third permeate 

stream (11). It may sometimes be advantageous to use a permeate-side purge gas 

stream in one or more of the membrane separation stages to create/amplify the partial 

pressure difference. 30 
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In one preferred embodiment of the present invention, a compressor (4) compresses the 

raw gas mixture, or the gas mixture from the raw gas stream (17) and the second 

permeate stream (9b) and/or the third retentate stream (10b), to the desired pressure in 

the range from 5 to 100 bar, but preferably to a pressure in the range from 9 to 75 bar. 5 

If the raw gas stream (17) already has the required pressure, the compressing means (4) 

need only compress the second permeate stream (9b) and the third retentate stream 

(10b) to the desired pressure in the range from 5 to 100 bar, but preferably to a 

pressure in the range from 9 to 75 bar. The resultant feed stream (5) is introduced into 

feed stream separation stage (1). Feed stream separation stage (1) preseparates the raw 10 

gas mixture into more readily permeating components (permeate gas), which largely 

pass into the permeate of the first stage, and less readily permeating components 

(retentate gas), which are predominantly retained by the membrane and build up in the 

retentate.  

In one preferred embodiment, the method/apparatus apparatus of the present invention 15 

is configured such that the concentration of at least one permeate gas of said feed 

stream separation stage (1), after returning said second permeate stream (9b) and said 

third retentate stream (10b), is raised in said feed stream (5), preferably by not less 

than 2%, more preferably by not less than 3% and even more preferably by 3 to 40%, 

all compared with the concentration in said raw gas stream (17). The degree of 20 

increase can depend on the composition of raw gas stream (17) and is particularly 

marked at low concentrations of a permeate gas (10 to 20%). The concentration 

increase of one of the permeate gases is preferably between 2 and 15% and more 

preferably between 3 and 8% when the permeate gas content of raw gas stream (17) is 

between 30 and 70%. It has turned out that the retentate gas yield of the entire process 25 

increases and hence the loss of retentate gas decreases on increasing the concentration 

of permeate gas in feed stream separation stage (1). For a given stage cut (=ratio of 

permeate flow to feed flow for stage under consideration), distinctly less permeate gas 

passes into the permeate of feed stream separation stage (1) when the concentration of 

at least one component A which permeates more readily in feed stream separation 30 
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stage (1) or of a permeate gas A is increased in feed stream (5). Similarly, a decrease 

was observed on reducing the concentration of component A or of a permeate gas A in 

feed stream (5) to be purified. Thus, stage cut is between 10 and 60%, preferably 

between 15 and 55% and more preferably between 20 and 50% for a 50% 

concentration of a component A or of a permeate gas A in feed stream (5) to be 5 

purified. In one particularly preferred embodiment of the present invention, the 

method/apparatus of the present invention is accordingly configured such that the level 

of permeate gas(es) of feed stream separation stage (1) in feed stream (5) is not less 

than 40% by volume, preferably more than 50% by volume and most preferably more 

than 55% by volume, based on the volume of feed stream (5), after recycling the 10 

second permeate stream (9b) and the third retentate stream (10b). This concentration 

increase for permeate gases in feed stream (5), as explained, serves to increase the 

efficiency of feed stream separation stage (1), which in turn has the consequence that 

less retentate gas B passes into the first permeate stream (6). This in turn increases the 

efficiency of permeate separation stage (3) and ensures that less unwanted retentate gas 15 

passes into the third permeate stream (10a+b) here too. Notably with the separation of 

methane-containing raw gases, this leads to the advantage that the unwanted emissions 

of the greenhouse gas methane were distinctly reduced. 

 

In general, it is preferable for 20 to 100% and more preferable for 40 to 70% of the 20 

more readily permeating component A, i.e. permeate gas A, to pass from feed stream 

(5) into the permeate in feed stream separation stage (1). 

 

The retentate of feed stream separation stage (1) travels – optionally with pressure 

reduction through an optionally present pressure-reducing valve (12) or with pressure 25 

elevation – in the first retentate stream (7) to retentate separation stage (2), where the 

final purification takes place. The retentate side of retentate separation stage (2), i.e. 

the second retentate stream (8), preferably sites a pressure-reducing valve (13) (not 

shown in Figure 1) with which the main pressure in the system (operating pressure of 

separation stages (1) and (2) = retentate pressure of stages (1) and (2)) can be 30 
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maintained and kept constant. The level of the less readily permeating components B, 

i.e. a retentate gas B, is further increased in retentate separation stage (2) so that the 

content of component B or of a retentate gas B in the second retentate stream (8) is 

more than 90%, preferably more than 95% and more preferably more than 97%. In one 

particularly preferred version, the method/apparatus of the present invention is 5 

accordingly characterized in that not less than 95%, preferably not less than 97%, more 

preferably not less than 99% and most preferably not less than 99.5% of the feed 

stream separation stage (1) retentate component imported into said apparatus with said 

raw gas stream (17) is exported via said second retentate stream (8). 

 10 

The stage cut of retentate separation stage (2) is between 10 and 60% and preferably 

between 20 and 50% for a 50% concentration of component A or of a permeate gas A 

in the first retentate stream (7).  

 

The permeate of retentate separation stage (2) is recycled via the second permeate 15 

stream (9b) – more preferably without portions of permeate stream (9a or 9b) first 

being supplied to the first retentate stream (7) downstream of feed stream separation 

stage (1) and even more preferably completely – and supplied to feed stream (5) and 

reprocessed. This – as previously explained in connection with the definition of the 

term "feed stream“  – can take place in various ways depending on whether a 20 

compressor (4) or even a multi-stage compressor (4) is used. In the case of a one-stage 

compressor (4), the second permeate stream (9b) is preferably supplied to the suction 

side of compressor (4). 

 

Feed stream separation stage (1) permeate, highly enriched with component A or a 25 

permeate gas A is supplied to permeate separation stage (3) via the first permeate 

stream (6). The retentate control means (19) in the retentate stream of permeate 

separation stage (3), i.e. in the third retentate stream (10a + b), has to be used to stop 

the pressure of the retentate of permeate separation stage (3) dropping to ambient 

pressure. In this way, the driving force can be retained for permeate separation stage 30 
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(3). Permeate separation stage (3) produces a permeate having a more than 95% and 

preferably more than 97% 

and even more preferably more than 99%, content of the more readily permeable 

component A or of a permeate gas A which is exported from the apparatus via the third 

permeate stream (11). In one particularly preferred embodiment of the apparatus 5 

according to the present invention, not more than 5%, preferably not more than 3%, 

more preferably not more than 1% and most preferably not more than 0.5% of feed 

stream separation stage (1) less readily permeating component B fed into said 

apparatus with said raw gas stream (17) is exported via said third permeate stream 

(11).     10 

 

Stage cut for permeate separation stage (3) is preferably between 50 and 95% and 

more preferably between 70 and 93%.  

 

The third retentate stream (10b) is recycled, supplied to feed stream (5) and 15 

reprocessed. This can be done in various ways and can depend for example on whether 

a compressor (4) or even a multi-stage compressor (4) is used. In the case of a single-

stage compressor (4), the third retentate stream (10b) is preferably supplied to the 

suction side of compressor (4) when the aspirating pressure of the compressor is less 

than the retentate pressure of separation stage (3). When a multi-stage compressor is 20 

used, it is preferable to introduce the third retentate stream (10b) into the compressor 

between two compression stages when the stage pressure of the compressor at the 

particular stage is less than the retentate pressure of separation stage (3).  

 

In a further preferred embodiment of the method/apparatus of the present invention, it 25 

is particularly configured such that the gas volume recycled in said second permeate 

stream (9b) and in said third retentate stream (10b) amounts in total to less than 60% 

by volume, preferably 10 to 50% by volume and even more preferably 20 to 40% by 

volume, of the volume of the raw gas stream (17).  The amount of retentate gas 

streams to be recycled is controlled according to the required purities in product gas 30 
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streams (8) and (11). The lower the required purities, the smaller the return streams 

(9b) and (10b). The return streams are very particularly affected by the type and 

selectivity of the membrane modules used in membrane separation stages (1) to (3). 

Membrane modules possessing enhanced selectivity bring about a distinct reduction in 

return streams (9b) and (10b). Similarly, the main pressure in the system (= pressure in 5 

separation stages (1) and (2)) influences the amount of recycled gases. The higher the 

pressure in the system, the smaller the recycled amounts. The ratios of membrane area 

in the individual stages are a further influence. Larger areas in separation stage (3),  

for example, reduce the return stream flow, whereas larger areas in separation stage (2) 

increase the return stream flows. Therefore, the method/apparatus of the present 10 

invention is notable for ensuring the above-detailed increase in the concentration of the 

permeate component in feed stream (5) despite very small return streams. This leads to 

a distinct increase in the efficiency of the entire method. 

 

As explained, it is particularly advantageous to use a multi-stage compressor (4). This 15 

is because in this case complete decompression of the retentate of the permeate 

separation stage (3) can be abstained from, since the retentate of permeate separation 

stage (3) can be fed in between two compression stages of compressor (4). Since 

retentate separation stage (2) would generally be operated in the selectivity-limited 

range in the event of decompression to feed pressure, it can be useful for the second 20 

permeate stream (9a) to be merely decompressed to a higher pressure level of a multi-

stage pressure-increasing unit, i.e. a multi-stage compressor (4), since this reduces the 

operating costs for the compression unit without significantly worsening the separation 

outcome. One particularly preferred embodiment of the present invention, therefore, 

utilizes a multi-stage compressor (4) and supplies gas streams (9b) and (10b) to this 25 

compressor between two compression stages in each case.  

 

In one preferred embodiment, the pressure drop across feed stream separation stage (1) 

is limited to 1 and 30 bar, preferably to 2 and 20 bar and more preferably between 3 

and 10 bar. At the same or alternatively, it is preferably ensured that the pressure drop 30 
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across feed stream separation stage (1) and retentate separation stage (2) is limited to 1 

and 100 bar, preferably between 5 and 80 bar and more preferably between 10 and 70 

bar. 

 

The apparatus/method of the present invention can in principle be realized with any 5 

membrane capable of separating binary gas mixtures or multigas mixtures. Plastics are 

preferably but not exclusively used as membrane materials. It is particularly preferable 

to use polyimides, polyamides, polysulphones, cellulose acetates and derivatives, 

polyphenylene oxides, polysiloxanes, polymers having intrinsic microporosity, mixed 

matrix membranes, facilitated transport membranes, polyethylene oxides, 10 

polypropylene oxides, carbon membranes or zeolites or mixtures thereof as plastics in 

the separation-active layer. 

 

Particularly preferred membranes include as materials for the separation-active layer, 

or as a material for the complete membrane, a polyimide of the general formula   15 
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where 0 ≤ x ≤ 0.5 and 1 ≥ y ≥ 0.5 and R corresponds to one or more, identical or 5 

different radicals R selected from the group consisting of the radicals L1, L2, L3 and 

L4 

 

It is particularly preferable for a polymer to be concerned where  x = 0, Y = 1 and R is 

64 mol% L2, 16 mol% L3 and 20 mol% L4. This polymer is available from Evonik 10 

Fibres GmbH under the name P84 or P84 type 70 (CAS numbers 9046-51-9). Specific 

preference is given to a polymer having the composition x = 0.4, y = 0.6 and R being 

80 mol% L2 and 20 mol% L3. This polymer is availabe from Evonik Fibres GmbH 

under the name P84HT or P84 HT 325 (CAS numbers 134119-41-8). It is similarly 

preferable to use mixtures of said polyimides. 15 
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Membranes made of the preferred polyimides are available from Evonik Fibres GmbH 

under the name Sepuran. A process for producing these preferred membranes is 

disclosed in WO 2011/009919 A1. Membranes disclosed in this Offenlegungsschrift 

can always be used with preference in the method of the present invention. To avoid 5 

pure repetition, the content of this patent application is hereby incorporated herein in 

its entirety by reference. It was found that these membranes gave the best separation 

outcomes. 

 

The membranes are preferably used in the form of hollow fibre membranes and/or flat 10 

membranes. The membranes are made up into modules which are then used in the 

separation task. All the gas separation modules known in the art can be used as 

modules, for example but not exclusively hollow fibre gas separation modules, spiral 

wound gas separation modules, cushion gas separation modules or tube bundle gas 

separation modules. 15 

 

According to the invention, the gas separation membrane modules have a mixed gas 

selectivity of components A (CO2) and B (CH4)  (= ratio of stream A to stream B 

through the membrane) of not less than 30, preferably not less than 35, more 

preferably not less than 40, even more preferably of not less than 45 and most 20 

preferably of not less than 45 to 80. Membranes of higher selectivity have the 

advantage that the separation becomes more effective and less permeate has to be 

recycled from retentate separation stage (2), or less retentate from permeate separation 

stage (3). Hence, especially when a single-stage compressor (4) is used, less gas has to 

be compressed twice, which entails economic advantages in the operation of the plant. 25 

With very selective membrane modules having a selectivity of 45, only about 35% of 

the gas imported into feed stream separation stage (1) as raw gas has to be compressed 

twice, whereas double compression can be up to 300% in the case of a membrane 

module having a selectivity of just 10. The 35% and 300% are based on tests where a 

gas mixture with equimolar amounts of components A and B (= feed) was applied and 30 
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the retentate gas of stage (2) was 98.5% component B and the permeate stream of stage 

(3) was 99% component B.  

 

It is evident that comparatively selective membranes can make the process of the 

present invention significantly more economical to run and that the size of the 5 

compressor needed and the energy requirements can be reduced. 

 

The method/apparatus of the present invention has more particularly the advantage that 

it is a pure membrane process and needs no additional clean-up of the permeate and/or 

retentate streams (11) and (8), respectively, for many applications. For example, in the 10 

purification of biogas or natural gas (= removal of carbon dioxide from methane), no 

pressure swing adsorption or amine scrub is needed any longer for final purification of 

the retentate, so this can be fed into the natural gas grid.  

Furthermore, the method/apparatus of the present invention can be used to produce, at 

one and the same time, a pure retentate stream (8) and a pure permeate stream (11) in 15 

biogas and natural gas purification. It can therefore be released into the atmosphere 

without great losses of methane and without major impairment of the environment, 

without 

any need for further treatment of the gas by a catalytic or thermal afterburn or 

utilization in a combined heat and power plant. No capital expenditure on further plant 20 

facilities is accordingly required, which leads to a more economical purification 

process for biogas and natural gas. 

 

The apparatus of the present invention is largely already described in 

WO 2012/000727. The subject matter of WO 2012/000727 is therefore fully 25 

incorporated in the description of the present invention by reference. 

 

WO 2012/000727 does not disclose a control system to compensate out fluctuations in 

the composition or pressure or flow rate of the raw gas stream. WO 2012/000727 

merely discloses varying the compressor performance and general pressure ranges to 30 
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be adhered to if good yields and purities of product gases are to be obtained. The 

present invention discloses for the first time an open and closed loop control concept 

of an interconnected membrane arrangement as described in WO 2012/000727, which 

even permits direct connection of this purification plant to biogas plants providing a 

variable feed stream. It is accordingly possible to abstain from specific upstream 5 

means for providing an approximately constant raw gas stream. The present invention 

accordingly represents a significant further development of the plant and process of 

WO 2012/000727. This is particularly true because the control means (18) and (19) 

and their regulation according to the present invention can be used to ensure a gas 

quality of streams (8) and (11) which is constant or else varies according to varying 10 

requirements, even though the amount of raw gas (17) to be processed and/or the 

amount of product gases (8) and/or (11) to be produced and/or the raw gas composition 

change(s). It is advantageous here that to maintain the required gas qualities in streams 

(8) and (11) the main pressure in the system (= operating pressure in separation stages 

(1) and (2)) and the membrane areas in separation stages (1) to (3) do not have to be 15 

changed. 

 

A further advantage is that the method/apparatus of the present invention 

has distinctly lower equipment and energy requirements than the known methods of 

the prior art. 20 

 

The apparatus/method of the present invention can especially be used for separating 

gas mixtures comprising two or more gases, in which case it is very particularly 

preferred for the gas mixture which is separated to be a mixture of predominantly but 

not exclusively carbon dioxide and methane, or predominantly but not exclusively 25 

hydrogen and methane, or predominantly but not exclusively carbon monoxide and 

hydrogen; or raw biogas or raw natural gas. 

The examples which follow are provided by way of further elucidation and description, 

but not in any way limitation of the present invention. 

 30 
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General experimental set-up 

Tests were run on a membrane separation plant using a three-stage interconnected 

arrangement in line with Figure 1.  

- Raw gas composition 54% methane, 46% CO2 (= biogas from a biogas plant) 

- Use of three 2“ experimental modules of Sepuran Green (1 module per stage) 5 

- Main pressure in the system (= retentate stage (2) pressure) was 17 bara 

- Air pressure 950 mbara 

- Permeate pressure of permeate separation stage (3) was 1000 mbara 

 

Example 1:  10 

 

The purpose of this test was to find a calibration line with which product gas quality in 

retentate stream (8) and off-gas quality in permeate stream (11)  can be maintained in 

the event of a change in the feed flow in feed stream (5), or the compressor speed, by 

changing the permeate pressure of retentate separation stage (2) and by changing the 15 

retentate pressure of permeate separation stage (3), respectively. 

 

To this end, compressor performance in a running 3-stage interconnected arrangement 

as per the general experimental set-up was raised in stages. The pressures of the 

permeate of retentate separation stage (2) and of the retentate of permeate separation 20 

stage (3) were then changed in an attempt to maintain the off-gas concentration (11) 

and the product gas concentration (8) within a narrow range. As the compressor 

performance increases from initially 60% to finally 75%, the feed volume flow (5) 

increases from 3.83 m3/h to 5.23 m3/h, i.e. by 36%. Within this interval, the permeate 

pressure of retentate separation stage (2) decreases from 951 mbara to 241 mbara and 25 

the retentate pressure of permeate separation stage (3) increases from 3.6 bara to 4.43 

bara. At all compressor performances, product gas concentration (8) fluctuates 

between 95.23 and 95.75% methane and the off-gas concentration of methane between 

0.5 and 0.62%. Both the values have been regulated within a narrow range, subject to 

experimental error. Detailed data regarding this test are presented below in Table 1: 30 
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Table 1: 

Com-

pressor 

perfor-

mance 

[%] 

Feed 

stream 

flow (5) 

[m3/h] 

Permeate 

stream (9a)  

pressure 

[mbara] 

Reten-

tate 

stream 

(10a) 

pressure 

[bara] 

Reten-

tate 

stream 

(8) 

c(CH4) 

[%] 

Per-

meate 

stream 

(11)  

c(CH4) 

[%] 

Reten-

tate 

stream 

(8)  

flow 

[m3/h] 

Per-

meate 

stream 

(9a) 

flow 

[m3/h] 

Per-

meate 

stream 

(6) 

flow 

[m3/h] 

Per-

meate 

stream 

(11) 

flow 

[m3/h] 

Calcu-

lated 

re-

tentate 

stream 

(7) 

flow 

[m3/h] 

60 3.83 951 3.6 95.75 0.5 1.665 0.622 1.641 1.28 2.287 

62.5 4.1 760 3.8 95.68 0.62 1.807 0.756 1.669 1.372 2.563 

65 4.3 660 3.9 95.54 0.58 1.907 0.838 1.715 1.427 2.745 

67.5 4.53 560 4.03 95.23 0.62 2 0.94 1.76 1.5 2.94 

70 4.77 460 4.16 95.52 0.55 2.086 1.044 1.828 1.57 3.13 

72.5 5.01 320 4.29 95.43 0.55 2.175 1.16 1.894 1.646 3.335 

75 5.23 241 4.43 95.34 0.62 2.267 1.28 1.925 1.697 3.547 

 

In addition, volume flow was measured for the second retentate stream (8), the first 

permeate stream (6), the third permeate stream (11) (= off-gas) and the second 5 

permeate stream (9a). The volume flows of the first retentate stream (7) can be 

determined from the sum total of the volume flow values of the second retentate 

stream (8) and of the second permeate stream (9a).  

 

The permeate pressure of retentate separation stage (2) can then be plotted against the 10 

volume flow of the first retentate stream (7) to determine a calibration curve for 

maintaining product gas concentration when the feed rate of retentate separation stage 

(2) changes, for example as a result of a change in the compressor speed or as a result 

of a change in the composition of the raw gas (see Figure 4). 

 15 

Figure 4 shows that a linear regression with good correlation is obtained. This 

relationship can then be used in a control system for the plant of the present invention. 

This control system uses a flow value determined for the first retentate stream (7) by 

means of a volume flow meter (20a) by calculating the permeate pressure as per the 
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straight-line equation in Figure 4 to determine the permeate pressure required in 

retentate separation stage (2) to maintain the product gas concentration. This pressure 

is then appropriately set using a control means (18) in the second permeate stream.  

 

The retentate pressure of permeate separation stage (3) can then be plotted against the 5 

volume flow of the first permeate stream (6) to analogously determine a calibration 

curve for maintaining off-gas concentration in permeate stream (11) when the feed rate 

of permeate separation stage (3), i.e. the first permeate stream (6), changes, for 

example as a result of a change in the compressor speed or as a result of a change in 

the composition of the raw gas (see Figure 5).    10 

 

A linear regression with good correlation is also obtained in Figure 5. This relationship 

can then be used similarly to the procedure described above for retentate separation 

stage (2) in a control system for the plant of the present invention. First the flow value 

of the first permeate stream (6) is determined by measurement with a volume flow 15 

meter (21a) and used in the straight-line equation in Figure 5 to determine the retentate 

pressure needed in permeate separation stage (3) – and set using the control means (19) 

in the third retentate stream (10) – to maintain the off-gas concentration in permeate 

stream (11). 

 20 

Example 2: 

The issue to be examined is whether, by changing the retentate pressure of permeate 

separation stage (3), using the control means (19) in the third retentate stream (10), it is 

possible to achieve a change in the methane concentration in the off-gas from the plant 

(third permeate stream (11)) and to obtain a calibration curve. In the event that a 25 

measurement of the off-gas concentration shows that a change has occurred, it would 

then be possible to use this calibrated relationship to adjust the methane content of the 

off-gas. 
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To this end, while keeping the compressor speed constant, the retentate pressure of 

permeate separation stage (3) was changed with a control means (19) in the third 

retentate stream (10) and the resulting change in the methane concentration of the third 

permeate stream (11) (off-gas) was measured. The volume flows of the plant were also 

recorded. The values are shown in Table 2. 5 

 

Table 2: 

Com-

pressor 

per-

form-

ance 

 [%] 

Feed 

stream (5) 

flow 

[m3/h] 

Retentate 

stream 

(10a) 

pressure 

(bara) 

Permeate 

stream 

(9a) 

pressure 

(mbara) 

Per-

meate 

stream 

(11) 

c(CH4) 

[%] 

Reten- 

tate 

stream 

(8)  

flow 

[m3/h] 

Per-

meate 

stream 

(9a)  

flow 

[m3/h] 

Per-

meate 

stream 

(6)  

flow 

[m3/h] 

Per-

meate 

stream 

(11)  

flow 

[m3/h] 

Calcul-

ated  

retentate 

stream 

(7) flow 

[m3/h] 

Double 

com-

pression 

60 3.3 3.5 950 0.99 1.494 0.47 1.37 1.166 1.964 24.1% 

60 3.3 3.4 950 0.94 1.482 0.456 1.399 1.147 1.938 25.5% 

60 3.3 3.3 950 0.88 1.462 0.44 1.434 1.122 1.902 27.7% 

60 3.3 3.2 950 0.82 1.44 0.427 1.464 1.09 1.867 30.4% 

60 3.3 3.1 950 0.76 1.406 0.409 1.509 1.062 1.815 33.7% 

60 3.3 3 950 0.69 1.375 0.394 1.555 1.027 1.769 37.4% 

60 3.3 2.9 950 0.63 1.347 0.38 1.596 0.986 1.727 41.4% 

60 3.3 2.8 950 0.56 1.283 0.36 1.663 0.955 1.643 47.5% 

60 3.3 2.7 950 0.5 1.247 0.345 1.713 0.911 1.592 52.9% 

60 3.3 2.6 950 0.44 1.177 0.33 1.789 0.868 1.507 61.4% 

 

As Table 2 shows, the methane concentration in off-gas stream (11) increases as a 

result of increasing the retentate pressure in permeate separation stage (3). This is 10 

shown in graph form in Figure 6.  The regression is linear with very good correlation. 

This curve can be used as a calibration curve for control purposes. By inserting the 

desired methane concentration in the equation of Figure 6 the corresponding retentate 

pressure required can be determined. 

 15 
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As a point of interest the fast rising double compression rate for a decreasing retentate 

pressure of permeate separation stage (3) and hence a decreasing methane 

concentration in the off-gas is depicted in graph form in Figure 7. 

 

Example 3: 5 

 

A change in the permeate pressure of retentate separation stage (2) with a control 

means (18) in the second permeate stream (9a) can be used to achieve a change in the 

methane concentration in the product gas of the plant (= second retentate stream (8)). 

In the event that a measurement of the product gas concentration reveals that a change 10 

has occurred, this calibrated relationship can be used to adjust the methane content of 

the product gas. 

 

To this end, the permeate pressure of retentate separation stage (2) was changed while 

keeping compressor speed constant, and the resultant change in the methane 15 

concentration in the product gas was measured. The values are shown Table 3. 

 

Table 3: 

Stage 2 permeate pressure [bara] 

c(CH4) in retentate stream (8) 

[%] 

1.005 96.44 
0.95 96.77 
0.9 97.03 
0.85 97.23 
0.8 97.48 
0.75 97.68 
0.7 97.93 
0.65 98.14 
0.6 98.34 
0.55 98.55 
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0.5 98.80 
0.445 99.07 
0.4 99.28 
0.35 99.47 
0.3 99.59 
0.284 99.66 
 

As is apparent, the methane concentration of product gas (8) increases on reducing the 

permeate pressure in retentate separation stage (2). This is shown in graph form in 

Figure 8. 

The regression is linear with very good correlation. This curve can be used as a 5 

calibration curve for control purposes. By inserting the desired  

methane concentration in the equation of diagram 5, the corresponding permeate 

pressure required can be determined. 

 

Description of Figures 10 

 

Figure 1:  Exemplary inventive interconnected arrangement comprising measuring 

means (20a) and (20b), (21a) and (21b), (22) and (23) and also the control 

means (18) and (19). The control means in raw gas stream (17) and the 

controller and data-processing means are not shown. However, their 15 

arrangement and use is clearly apparent from the overall context of the 

description. Figure 1 shows an inventive arrangement with the recycling 

of streams (9b) and (10b) onto the suction side of the compressor. 

Alternative arrangements explained in the above description, for example 

the recycling of one or more of streams (9b) or (10b) into an elevated 20 

compression stage of compressor (4) or without measuring means (22) 

and (23) or with only some of measuring means (20a) and (20b) and (21a) 

and (21b), are easily derived by a person skilled in the art as a 

modification of Figure 1 and therefore are not shown separately. Figure 1 
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is merely provided by way of elucidation of the present invention and not 

in any way as limitation of its scope of protection. 

 

Figure 2:  The permeate pressure needed in retentate separation stage (2) to achieve 

a retentate quality of 98.3% of component B in the second retentate 5 

stream (8) and of 0.7% of component B in the third permeate stream (11) 

is shown as a function of the volume flow of the first retentate stream (7). 

The area ratio chosen for the membranes in the membrane separation 

stages was as follows: stage 1: stage 2: stage 3= 2:2:3. Three curves are 

depicted for different concentrations of component B (CH4 in this case) 10 

of 45, 55 and 65% in raw gas stream (17). 

 

Figure 3:  The retentate pressure needed in permeate separation stage (3) to achieve 

a retentate quality of 98.3% of component B in the second  

 retentate stream (8) and of 0.7% of component B in the third permeate 15 

stream (11) is shown as a function of the volume flow of the first 

permeate stream (6). The area ratio chosen for the membranes in the 

membrane separation stages was as follows: stage 1: stage 2: stage 3= 

2:2:3. Three curves, which merge into each other, are depicted for 

different concentrations of component B (CH4 in this case) – 45%, 55% 20 

and 65% – in raw gas stream (17). 

 

Figure 4: Dependence of permeate pressure of retentate separation stage (2) on 

feed gas rate of retentate separation stage (2) to maintain product gas 

quality  25 

 

Figure 5:  Dependence of retentate pressure of permeate separation stage (3) on 

feed gas rate of permeate separation stage (3) to maintain off-gas quality 
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Figure 6:  Dependence of methane concentration in off-gas (11) on retentate 

pressure of permeate separation stage (3) 

 

Figure 7: Dependence of recycling rate on methane content in permeate (11) of 

permeate separation stage (3)  5 

 

Figure 8:  Dependence of methane concentration in product gas (8) on permeate 

pressure of retentate separation stage (2) 

 

10 
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List of reference signs: 

1:  feed stream separation stage  

2:  retentate separation stage  

3:  permeate separation stage  

4:  single-stage or multi-stage compressor 5 

5:  feed stream 

6:  first permeate stream  

7:  first retentate stream  

8:  second retentate stream  

9:  second permeate stream consisting of sub-streams 9a, between control means 10 

18 and retentate separation stage 2, and 9b downstream of control means 18   

10:  third retentate stream consisting of sub-streams 10a, between control means 19 

and permeate separation stage 3, and 10b downstream of control means 19   

11:  third permeate stream  

12:  optional pressure-reducing valve in first retentate stream 7 (not shown in the 15 

Figures) 

13:  optional pressure-reducing valve in second retentate stream 8 (not shown in the 

Figures) 

14:  optional pressure-reducing valve in third retentate stream 10 (not shown in the 

Figures) 20 

15:  vacuum pump (not shown in the Figures) 

16:  mixing chamber (not shown in the Figures) 

17:  raw gas stream  

18:  permeate control means in 2nd permeate stream (also simply referred to as 

control means 18 in the description) 25 

19: retentate control means in 3rd retentate stream (also simply referred to as 

control means 19 in the description) 

20a: 1st retentate measuring means for analysis of 1st retentate stream (also simply 

referred to as measuring means 20a in the description) 
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20b: 2nd retentate measuring means for analysis of 2nd retentate stream (also simply 

referred to as measuring means 20b in the description) 

21a: 1st permeate measuring means for analysis of 1st permeate stream (also simply 

referred to as measuring means 21a in the description) 

21b: 2nd permeate measuring means for analysis of 3rd permeate stream (also simply 5 

referred to as measuring means 21b in the description) 

22: 3rd permeate measuring means for analysis of 2nd permeate stream (also simply 

referred to as measuring means 22 in the description) 

23: 3rd retentate measuring means for analysis of 3rd retentate stream (also simply 

referred to as measuring means 23 in the description) 10 

24: controller means of the compressor (not shown in the Figures) 

25: raw gas control means to control the raw gas stream (17) (not shown in the 

Figures) 
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Patentkrav 

 

1. Apparat for å separere gasser, omfattende som membranseparasjonstrinn minst et 

matestrømseparasjonstrinn (1), et retentatseparasjonstrinn (2) og et 5 

permeatseparasjonstrinn (3) og også minst én kompressor (4) anordnet på matesiden av 

nevnte matestrømseparasjonstrinn (1) og / eller minst én, foretrukket én eller to, 

vakuumpumpe(r) anordnet nedstrøms av nevnte matestrømseparasjonstrinn (1), 

foretrukket på permeatsiden av nevnte retentatseparasjonstrinn (2) i den andre 

permeatstrømmen (9a + 9b) og / eller på permeatsiden av permeatseparasjonstrinnet (3) 10 

i den tredje permeatstrømmen (11), hvori  

nevnte matestrømseparasjonstrinn (1) skiller en matestrøm (5), bestående av to 

eller flere komponenter, i en første permeatstrøm (6) og en første retentatstrøm 

(7), 

nevnte retentatseparasjonstrinn (2) deler nevnte første retentatstrøm (7) i en 15 

andre permeatstrøm (9a + 9b) og en andre retentatstrøm (8) som fjernes som 

produkt eller videre behandles, og nevnte andre permeatstrøm tilføres til nevnte 

matestrøm (5), 

nevnte permeatseparasjonstrinn (3) deler nevnte første permeatstrøm (6) i en 

tredje retentatstrøm (10a + 10b) og en tredje permeatstrøm (11), som fjernes 20 

som produkt eller videre behandles eller forkastes, og nevnte tredje retentatstrøm 

blir levert til nevnte matestrøm (5), karakterisert ved at  

- nevnte andre permeatstrøm (9a + 9b) omfatter minst ett 

permeatkontrollmiddel (18) med hvilket permeattrykket til nevnte 

retentatseparasjonstrinn (2) kan heves eller senkes og hvilket styres på 25 

basis av målte verdier fra én eller flere strømningsmålere (20a) i nevnte 

første retentatstrøm (7) og / eller ett eller flere målemidler (20b) i nevnte 

andre retentatstrøm (8) for å bestemme sammensetningen av den spesielle 

gassblandingen og nevnte andre permeatstrøm (9b) ) tilføres nevnte 

matestrøm (5) nedstrøms av nevnte permeatkontrollmidler (18), 30 

og  

- nevnte tredje retentatstrøm (10a + 10b) omfatter minst ett 

retentatkontrollmiddel (19) med hvilket retentattrykket til nevnte 

permeatseparasjonstrinn (3) kan heves eller senkes og hvilket styres på 
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basis av målte verdier fra én eller flere strømningsmålere (21a) i nevnte 

første permeatstrøm (6) og / eller ett eller flere målemidler (21b) i nevnte 

tredje permeatstrøm (11) for å bestemme sammensetningen av den 

spesielle gassblandingen. 

 5 

2. Apparat ifølge krav 1, hvor  

nevnte første permeatstrøm (6) er ikke utsatt for rekompresjon 

og / eller 

minst ett av nevnte membranseparasjonstrinn (1) til (3) omfatter mer enn én 

gasseparasjonsmembranmodul som er koblet in parallelt og / eller i serie, 10 

og / eller 

gasseparasjonsmembranmodulen(e) består av hule fibermembraner og / eller flate 

membraner. 

 

3. Apparat ifølge krav 1 eller 2, hvor  15 

nevnte andre permeatstrøm (9b) og nevnte tredje retentatstrøm (10b) føres til 

sugesiden av nevnte kompressor (4), 

og / eller hvor 

en flertrinnskompressor (4) blir brukt, hvori foretrukket den andre 

permeatstrømmen (9b) og / eller den tredje retentatstrømmen (10b) føres inn i 20 

kompressoren (4) mellom to kompresjonstrinn, 

og / eller hvor nevnte kompressor (4) er anordnet i nevnte apparat slik at den 

genererer en trykkgradient i nevnte matestrømseparasjonstrinn (1). 

 

4. Apparat ifølge et hvilket som helst av kravene 1 til 3, hvor  25 

nevnte apparat omfatter et kontrollmiddel (24) som tilpasser kapasiteten til 

nevnte kompressor (4), foretrukket dens rotasjonshastighet, til endringer i nevnte 

andre permeatstrøm (9b) og / eller nevnte tredje retentatstrøm (10b) og / eller 

nevnte rågasstrøm (17), hvori rågasstrømmen er en strøm av minst to gasser som 
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tilføres apparatet ifølge oppfinnelsen for å bli separert deri og hvilken sammen 

med den andre permeatstrømmen (9b) og retentatstrømmen (10b) tilføres 

matestrømmen (5), og / eller hvor 

nevnte apparat er konfigurert slik at endrete mengder av resirkulert gass fra 

nevnte andre permeatstrøm (9b) og / eller nevnte tredje retentatstrøm (10b) 5 

kompenseres, foretrukket automatisk, ved en regulering av den tilførte mengden 

rågass, foretrukket via et rågasskontrollmiddel (25), foretrukket uten å endre 

rotasjonshastigheten til kompressoren (4). 

 

5. Apparat ifølge et hvilket som helst av kravene 1 til 4, hvor 10 

et online eller offline målemiddel (20b) og / eller (21b) blir brukt i den andre 

retentatstrømmen (8) og / eller i den tredje permeatstrømmen (11) for å bestemme 

sammensetningen av den spesielle gassblandingen. 

   

6. Apparat ifølge et hvilket som helst av kravene 1 til 5, hvor 15 

materialene som brukes til det separasjonsaktive laget av membranene er amorfe eller 

delvis krystallinske plastmaterialer, som for eksempel, men ikke utelukkende, polyimider, 

polyamider, polysulfoner, celluloseacetater og derivater, polyfenylenoksider, 

polysiloksaner, polymerer med intrinsisk mikroporositet, blandete matrisemembraner, 

tilrettelagte transportmembraner, polyetylenoksider, polypropylenoksider eller blandinger 20 

derav. 

   

7. Apparat ifølge krav 6, hvor 

materialet som brukes til det separasjonsaktive laget av membranene er et polyimid med 

den generelle formelen  25 
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hvor 0 ≤ x ≤ 0,5 og 1 ≥ y ≥ 0,5 og R tilsvarer én eller flere, identiske eller forskjellige 

radikaler R valgt fra gruppen bestående av radikalene L1, L2, L3 og L4,  

 

 5 

 

 

 

 

 10 
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foretrukket et polyimid med CAS-nummer 9046-51-9 og / eller et polyimid med CAS-

nummer 134119-41-8. 

   

8. Fremgangsmåte for å kontrollere et gasseparasjonsanlegg ifølge et hvilket som helst av 

kravene 1 til 7, hvor  5 

i. når konsentrasjonen av en mindre lett gjennomtrengende komponent B, 

eventuelt også bestemt ut fra en parameter som korrelerer med denne, av den 

andre retentatstrømmen (8) faller under en forhåndsbestemt setpoint-verdi, 

senkes trykket til den andre permeatstrømmen (9a) ved nevnte 

permeatkontrollmidler (18) til nevnte konsentrasjon / parameter er tilbake i 10 

setpoint-verdiområdet, 

ii. når konsentrasjonen av en mindre lett gjennomtrengende komponent B, 

eventuelt også bestemt ut fra en parameter som korrelerer med denne, av den 

andre retentatstrømmen (8) stiger over en forhåndsbestemt setpoint-verdi, heves 

trykket til den andre permeatstrømmen (9a) ved nevnte permeatkontrollmidler 15 

(18) til nevnte konsentrasjon / parameter er tilbake i setpoint-verdiområdet, 

og  

iii. når konsentrasjonen av en mindre lett gjennomtrengende komponent B, 

eventuelt også bestemt ut fra en parameter som korrelerer med denne, av den 

tredje permeatstrømmen (11) faller under en forhåndsbestemt setpoint-verdi, 20 

heves trykket til nevnte tredje retentatstrøm (10a) ved nevnte 

retentatkontrollmidler (19) til nevnte konsentrasjon / parameter er tilbake i 

setpoint-verdiområdet, 

iv. når konsentrasjonen av en mindre lett gjennomtrengende komponent B, 

eventuelt også bestemt ut fra en parameter som korrelerer med denne, av den 25 

tredje permeatstrømmen (11) stiger over en forhåndsbestemt setpoint-verdi, 

senkes trykket til nevnte tredje retentatstrøm (10a) ved nevnte 

retentatkontrollmidler (19) til nevnte konsentrasjon / parameter er tilbake i 

setpoint-verdiområdet. 

 30 

9. Fremgangsmåte ifølge krav 8, hvor  

konsentrasjonen bestemmes online og / eller offline. 
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10. Fremgangsmåte for å kontrollere et gasseparasjonsanlegg ifølge et hvilket som helst 

av kravene 1 til 7, hvor  

v. når volumstrømmen til den første retentatstrømmen (7) øker, senkes trykket til 

den andre permeatstrømmen (9a) ved permeatkontrollmidlene (18) inntil en 

egenskap av den andre retentatstrømmen (8) som er korrelert ved en 5 

kalibreringskurve med volumstrømmen til den første retentatstrømmen (7), 

foretrukket sammensetningen av den andre retentatstrømmen (8), er tilbake i 

setpoint-verdiområdet, 

vi. når volumstrømmen til nevnte første retentatstrøm (7) faller, heves trykket til 

nevnte andre permeatstrøm (9a) ved permeatkontrollmidlene (18) inntil en 10 

egenskap til den andre retentatstrømmen (8) som er korrelert ved en 

kalibreringskurve med volumstrømmen til den første retentatstrømmen (7), 

foretrukket sammensetningen av nevnte andre retentatstrøm (8), er tilbake i 

setpoint-verdiområdet, 

og / eller  15 

vii. når volumstrømmen til nevnte første permeatstrøm (6) øker, heves trykket til 

nevnte tredje retentatstrøm (10a) ved nevnte retentatkontrollmidler (19) inntil en 

egenskap til nevnte tredje permeatstrøm (11) som er korrelert ved en 

kalibreringskurve med nevnte volumstrøm til nevnte første permeatstrøm (6), 

foretrukket sammensetningen av nevnte tredje permeatstrøm (11), er tilbake i 20 

setpoint-verdiområdet, 

viii. når volumstrømmen til nevnte første permeatstrøm (6) faller, senkes trykket 

til nevnte tredje retentatstrøm (10a) ved nevnte retentatkontrollmidler (19) inntil 

en egenskap til nevnte tredje permeatstrøm (11) som er korrelert ved en 

kalibreringskurve med volumstrømmen til nevnte første permeatstrøm (6), 25 

foretrukket sammensetningen av nevnte tredje permeatstrøm (11), er tilbake i 

setpoint-verdiområdet. 

 

11. Fremgangsmåte ifølge krav 10, hvor 

en kalibreringskurve som inneholder en korrelasjon mellom strømningshastighet og trykk 30 

blir brukt som kontrollkurve for å opprettholde en konsentrasjon i en annen gasstrøm. 

   

12. Fremgangsmåte ifølge et hvilket som helst av kravene 8 til 11, hvor  
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trykkfallet over nevnte matestrømseparasjonstrinn (1) er satt til fra 1 til 30 bar, 

foretrukket til fra 2 til 20 bar og mer foretrukket til 3 og 10 bar, 

og / eller hvor 

trykkfallet over nevnte matestrømseparasjonstrinn (1) og nevnte 

retentatseparasjonstrinn (2) er satt til fra 1 til 100 bar, foretrukket til fra 5 til 80 5 

bar og mer foretrukket til fra 10 til 70 bar. 

 

13. Fremgangsmåte ifølge et hvilket som helst av kravene 8 til 12, hvor 

 

drivkraften som blir brukt for separasjonsoppgaven er en deltrykkforskjell mellom 10 

retentatsiden og permeatsiden i de spesielle membranseparasjonstrinnene, hvori 

nevnte deltrykkforskjell genereres av en kompressor (4), som er anordnet på 

matesiden av nevnte matestrømseparasjonstrinn (1), og eventuelt ved minst én, 

foretrukket én eller to vakuumpumpe(r) i nevnte andre og / eller tredje 

permeatstrøm (9a + 9b) og / eller (11) og / eller ved en 15 

permeatsiderensegasstrøm, 

og / eller hvor 

trykket til permeatet i nevnte matestrømseparasjonstrinn (1) er i en lik eller 

forhøyet tilstand i forhold til omgivelsestrykket, så at det er fortsatt en 

deltrykkforskjell mellom retentatet og permeatet til nevnte 20 

permeatseparasjonstrinn (3) og følgelig er det en drivkraft i tilfelle at permeatet til 

nevnte permeatseparasjonstrinn (3) brukes ved omgivelsestrykk eller undertrykk. 

 

14. Fremgangsmåte ifølge et hvilket som helst av kravene 8 til 13, hvor 

kontrollmidler (24) tilpasser kapasiteten til nevnte kompressor (4), foretrukket 25 

dens rotasjonshastighet, til endringer i den andre permeatstrømmen (9b) og / 

eller nevnte tredje retentatstrøm (10b) og / eller nevnte rågasstrøm (17) ), 

eller hvor 

endring av mengder av resirkulert gass fra den andre permeatstrømmen (9b) og / 

eller den tredje retentatstrømmen (10b) kompenseres, foretrukket automatisk, 30 

ved en regulering av den tilførte mengden rågass, foretrukket via nevnte 

rågasskontrollmidler (25), foretrukket uten å endre rotasjonshastigheten til 

kompressoren 
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eller hvor 

ytelsen til anlegget ifølge den foreliggende oppfinnelsen heves eller senkes ved å 

endre volumgjennomstrømningen til nevnte kompressor (4), hvor  

en resulterende endring i konsentrasjonen av nevnte mindre lett 

gjennomtrengende komponent B i den andre retentatstrømmen (8) 5 

motvirkes i henhold til fremgangsmåtealternativene i / ii, 

og / eller 

en resulterende endring i konsentrasjonen av den mindre lett 

gjennomtrengende komponent B i den tredje permeatstrømmen (11) 

motvirkes i henhold til fremgangsmåtealternativene iii / iv 10 

og / eller 

en resulterende endring i strømningshastigheten for nevnte første 

retentatstrøm (7) motvirkes i henhold til fremgangsmåtealternativene v / 

vi, 

og / eller 15 

en resulterende endring i strømningshastigheten til nevnte første 

permeatstrøm (6) motvirkes i henhold til fremgangsmåtealternativene vii / 

viii. 

 

15. Fremgangsmåte ifølge et hvilket som helst av kravene 8 til 14, hvor  20 

nevnte fremgangsmåte praktiseres i forbindelse med drift av et biogassanlegg og 

hvor kompressorens rotasjonshastighet og derved volumgjennomstrømningen til 

kompressoren (4) kontrolleres i henhold med nevnte biogassanleggs fyllingsnivå, 

foretrukket bestemt via fermenteringstrykk eller mellomlagerfyllingsnivå, for at 

fyllingsnivået i fermenteren og / eller mellomlageret kan endres eller holdes 25 

konstant, 

og / eller hvor 

den brukte gassblandingen er en blanding av hovedsakelig, men ikke utelukkende, 

karbondioksid og metan eller hovedsakelig, men ikke utelukkende, hydrogen og 
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metan eller hovedsakelig, men ikke utelukkende, karbonmonoksid og hydrogen 

eller råbiogass eller rånaturgass. 

 

16. Fremgangsmåte ifølge et hvilket som helst av kravene 8 til 15, hvor  

gasseparasjonsmembranmoduler som har et blandet gasselektivitet CO2/ CH4 på 5 

ikke mindre enn 30, foretrukket ikke mindre enn 35, mer foretrukket ikke mindre 

enn 40 og mest foretrukket ikke mindre enn 45, blir brukt i det minste i nevnte 

matestrømseparasjonstrinn (1), men foretrukket i alle tre 

membranseparasjonstrinn (1) til (3), 

og / eller hvor 10 

gassvolumet resirkulert i nevnte andre permeatstrøm (9b) og i nevnte tredje 

retentatstrøm (10b) utgjør totalt mindre enn 60 volum% av volumet til 

rågasstrømmen (17), 

og / eller hvor 

konsentrasjonen av minst én permeatgass fra matestrømseparasjonstrinnet (1), 15 

etter at den andre permeatstrømmen (9b) og den tredje retentatstrømmen (10b) 

er returnert, heves i matestrømmen (5), foretrukket med ikke mindre enn 2%, 

mer foretrukket med ikke mindre enn 3% og enda mer foretrukket med 3 til 40%, 

alt sammenliknet med konsentrasjonen i nevnte rågasstrøm (17). 

 20 

17. Biogassanlegg omfattende et apparat ifølge et hvilket som helst av kravene 1 til 7. 
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