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Description

Field of the invention

[0001] In its broadest aspect the present invention re-
lates to U-shape and/or nozzle-U-loop fermentors and
methods of the operation of the same.
[0002] More specifically the invention relates to U-
shape and/or nozzle-U-loop fermentors and methods for
the operation of the same, which are particularly appro-
priate for production processes with methanotrophic bac-
teria and similar processes, whereby different gases and
other nutrients are to be supplied to the fermentation liq-
uid in order to obtain an optimally proceeding fermenta-
tion process with the highest possible yield of fermenta-
tion product in the shortest possible period of time.

Prior art

Stirred or back-mix fermentors

[0003] In conventional bioreactors (fermentors) the
mixing of gases with the fermentation liquid is effected
by means of stirrer blades placed centrally in the fermen-
tor. The stirrer blades generate turbulence in the liquid,
which means that gas, usually injected at the bottom of
the reactor, will be dissipated in the liquid in the form of
small fine gas bubbles. This type of reactor provides a
relatively homogenous mixing, i.e. that about the same
concentrations of gases and substrates will be found
whether measuring at the top or at the bottom of the re-
actor. This type of reactor is, however, not particularly
appropriate for up-scaling, since it is difficult to obtain the
same homogeneous mixing and the same mass trans-
portation in large reactors as can be obtained in small
laboratory and pilot reactors. Besides, the vigorous mix-
ing implies a significant heating of the fermentation liquid.

Airlift and Loop Fermentors

[0004] In order to avoid the mechanical stirring, differ-
ent types of airlift reactors have been developed. The
majority of these reactors are so-called loop reactors hav-
ing two sections: an upstream part and a downstream
part, which are interconnected at both ends. Gases are
supplied at the bottom of the reactor in the upstream part
in an arrangement, which yields small gas bubbles (e.g.
through a vitrified ceramic plate or an array of small noz-
zles). The bubbles mix with the liquid whereby the total
density is reduced and the gas-liquid mixture ascends
displaced by new liquid emerging from the downstream
part. The gas-liquid mixture moves up through the up-
stream part of the reactor and releases its gas bubbles
at the top, whereupon the liquid descends down through
the downstream part. In order to obtain a long residence
time for the gas bubbles in the liquid, airlift reactors are
conventionally tall slender reactors. This implies that the
gas must be supplied at a high pressure for overcoming

the hydrostatic pressure at the bottom of the reactor. If
the gas is air, this implies the use of compressors. Fur-
thermore, airlift reactors have a relatively poor exploita-
tion of the injected gas. Typically only 20-40% of the gas
is utilized. - Besides, it is difficult to obtain good and quick
release of the gas bubbles from the fermentation liquid
at the top of the reactor and separation of the gas phase
thus produced (which may be rather foaming) from the
liquid phase before the fermentation liquid moves down
in the downstream part of the reactor.

U-shape reactor

[0005] The U-shape reactor is constructed with a view
to provide:

• Non-compressed or nearly non-compressed gas in-
jection

• Long residence time and thus high degree of exploi-
tation of the injected gas

• Low energy consumption for liquid circulation
• Simple design
• Good separation of gases and liquid at the top.

[0006] In principle the U-shape reactor is also a loop
reactor. However, contradictory to conventional loop re-
actors the liquid circulation is effected by means of one
or more in-line pumps. This (or these) pump(s) may be
of the propeller pump type, wherein the propeller blades
are designed for pumping a mixture of liquid and gas.
The gases can be introduced at different locations in the
U-shape loop, but typically they will be supplied at the
upper end of the downstream part of the loop. By intro-
ducing the gases at the upper end of the downstream
part of the loop a nearly non-compressed injection is ob-
tained, since the gases only have to overcome a hydro-
static pressure of some few meters. The gases can be
introduced by means of particular gas dispensers pro-
viding for a distribution across the downstream part of
the loop. Fine dispersion of the gases in the liquid is ef-
fected by means of static mixing elements placed imme-
diate below the gas injectors (the mixing elements may
be of e.g. Sulzer manufacture). The liquid flow in the
downstream part of the loop must be sufficiently high so
that all the injected gas is carried along down through
the static mixers. Here a comminution of the gas is ef-
fected so that a large number of small gas bubbles is
obtained, which are dispersed uniformly in the liquid. The
bubbles are carried along with the liquid flow down
through the downstream part of the loop to its lower end
and further on through a U-bend to the upstream part of
the loop so that the gas bubbles are redispersed (e.g. by
means of static mixing elements) several times in the
liquid.
[0007] The U-bend causes a centrifugal effect and thus
some separation of gas bubbles and liquid.
[0008] Therefore, the in-line pump is preferably placed
adjacent the U-bend, partially because it then assists in
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producing a redispersing of the gas in the liquid and par-
tially because it is practical to have it placed at the bottom
of the fermentor.
[0009] In order to obtain a good bubble distribution in
the upstream part of the loop more static mixers may be
provided therein.
[0010] The top of the fermentor is designed so that the
upstream part of the loop via a bend is passed horizon-
tally onto the side of a widening of the upper end of the
downstream part of the loop. This particular construction
feature assists in yielding a good separation of liquid and
gas bubbles, as centrifugal forces act in the bend and in
the very widening of the upper end of the downstream
part of the loop a vigorous circulation of the liquid with
corresponding accompanying centrifugal forces arise,
which also bring about separation of liquid and gas bub-
bles. Thereby, one of the great problems associated with
airlift reactors - viz. separation of the gas and liquid phas-
es - is solved in an utmost elegant fashion.
[0011] Furthermore, the U-shape reactor provides for
a long contact time between the gas and liquid phases,
as the injected gas is present both in the downstream
and in the upstream parts of the loop. This means that
an essentially higher utilization of the gas is obtained
compared with conventional airlift reactors.
[0012] Gas bubbles in liquids have a tendency to fuse
together to larger volumes (coalesce). This tendency
contributes to making conventional airlift reactors inef-
fective inasmuch as the bubbles become larger and larg-
er upward through the upstream part, partly due to coa-
lescence and partly due to a reduced hydrostatic pres-
sure. In the U-shape reactor here described, this tenden-
cy in the upstream part is counteracted by providing static
mixers appropriately spaced apart at distances, which
depend on the medium applied. In the downstream part,
the increasing hydrostatic pressure counteracts the ten-
dency to increased bubble sizes. To the extent that this
effect cannot balance the fusion (coalescence) of the gas
bubbles there is provided for a redispersing by means of
static mixers.
[0013] The amount of gas, which advantageously can
be dispersed in the liquid, depends on the hydrostatic
pressure. In the case of tall reactors it will therefore be
advantageous to have several locations for the introduc-
tion of gases in the downstream part. The only require-
ment to the gas inlets is that at least one static mixing
element is placed immediately after each inlet for dis-
persing the gas in the liquid.
[0014] In order to give an impression of the dimen-
sions, which such a U-shape reactor may have it may be
mentioned that its total height can be about 40 metres
and its width can be about 6.6 metres, the said width is
to be understood as the perpendicular distance between
the portions of the vertical walls of the downstream and
upstream parts being spaced furthest from each other.
The internal diameter, d, of the downstream part and the
upstream part, respectively, can be about 1.65 metre,
and the radius of the bend part at the ends of the down-

stream part 2 and the upstream part 4 can be 1.5 x d.
[0015] U-shape and/or nozzle-loop fermentors of the
above type are disclosed in DK patent No. 163066 (EP-
B-0 418 187). These fermentors are i.a. well suited for
use in production processes with methanotrophic bacte-
ria. The document EP-A-0185407 describes a loop re-
actor for biological reactions, comprising the regulation
of the reaction rate by controling the speed of the pumps
in the reactor.
[0016] Production processes with methanotrophic
bacteria are anaerobic and based on natural gas as car-
bon and energy sources. Atmospheric air, pure oxygen
or atmospheric air enriched with pure oxygen is used as
oxygenation source in the fermentation process and am-
monium is used as nitrogen source. In addition to theses
substrates the cultivation of methanotrophic bacteria re-
quires water, phosphate, and several minerals such as
magnesium, calcium, potassium, iron, copper, zinc, man-
ganese, nickel, cobalt and molybdenum. Sodium hydrox-
ide and sulphuric acid are used for pH adjustments. All
chemicals are food grade. Phosphate is supplied in the
form of phosphoric acid, minerals as sulphates, chlorides
or nitrates. The pH value is controlled to 6.5 � 0.3 and
the temperature is maintained at 45°C � 2°C.
[0017] Methanotrophic bacteria are produced by con-
tinuous fermentation. A nozzle-loop fermentor with static
mixers is used. The nozzle-loop fermentor brings about
high utilization of the gases carried along through the
loop with the approximately plug-flowing fermentation liq-
uid. The gases are supplied at the beginning of the loop
and stay well admixed with the liquid until their separation
off at the headspace at the end of the loop.
[0018] Injection in the fermentor can be effected at one
or more locations, e.g. at four places - at top, at the middle
of the down loop, at the bottom of the down loop, and
after the passage of the U-bend part at the bottom a small
distance above that. In all circumstances the gases are
supplied in advance of the mechanical mixer(s), which
is (are) placed immediately after each injection in the flow
direction of the fermentor, cf. the figure of the drawing.
[0019] Additionally, more mechanical mixers may be
placed elsewhere in the fermentor.
[0020] The drawback of the prior art U-shape and/or
nozzle-U-loop fermentors in connection with the above
mentioned production processes with methanotrophic
bacteria and corresponding processes, wherein different
gases are to be continuously supplied, which partly may
be expensive and partly may constitute a potential dan-
ger of explosion if they accumulate in major amounts in
the reactor, is that up to now it has been difficult or even
impossible to supply these gases as well as the additional
nutrients (ammonium, phosphate and minerals) neces-
sary for the fermentation process, and pH controlling
means in such amounts and relative ratios that it has
been possible to obtain an optimum utilization of the gas-
es before the separation off in the headspace of the re-
actor with simultaneous achievement of an optimally pro-
ceeding fermentation process providing the largest pos-

3 4 



EP 1 183 326 B1

4

5

10

15

20

25

30

35

40

45

50

55

sible yield of fermentation product in the shortest possible
time. This is due to the fact that hitherto it has been nec-
essary to run the addition of the above mentioned proc-
ess substances to the reactor on the basis of a predeter-
mined dosage-time schedule which has been worked out
on the basis of previously performed test runs during
which samples of the fermentation liquid have been tak-
en, which samples subsequently have been analysed for
relevant constituent substances in the laboratory. The
fermentation processes are, however, biological proc-
esses which proceed far from uniformly from time to time,
but are subjected to even very large variations for which
reason the time-schedule fixed doses will not correspond
to the actual need for attainment of the results aimed at
with respect to the optimum utilization of the gases before
the separation thereof in the headspace of the reactor
and attainment of the largest possible yield of fermenta-
tion product in the shortest possible time.

Summary of the Invention

[0021] The present invention provides a U-shape
and/or nozzle-U-loop fermentor and a method of perform-
ing a fermentation process, wherein the above draw-
backs are avoided and, thus, it becomes possible to sup-
ply necessary gases and the additional nutrients required
for the fermentation process, pH adjustment means and
water in such amounts and ratios that at all times it cor-
responds to the actual need for achieving an optimum
utilization of the gases before separation thereof in the
head-space of the reactor simultaneous with obtaining
an optimally proceeding fermentation process with the
largest possible yield of fermentation product in the short-
est possible period of time.
[0022] This object is achieved with the U-shape and/or
nozzle-U-loop fermentor according to the invention,
which has a U-part consisting of an essentially vertical
downstream part 2, an essentially vertical upstream part
4, a U-shape bend part 3 which connects the lower ends
of said downstream and upstream parts, an in-line pump
12 placed in the U-part for the circulation of fermentation
liquid in the fermentor, a top part 5 placed above the
upper end of the downstream part and having the form
of a cylinder with a diameter which is substantially larger
than the diameter of the downstream part and being con-
nected thereto via a truncated cone-shaped connection
member, whereas the upper end of the upstream part 4
via a bend is passed substantially horizontally and tan-
gentially into the lower part of the top part 5, a vent pipe
6 for exhausting the gas(es) separated in the head-space
of the top part, an outlet 11, preferably placed in the U-
bend part 3, for draining off fermentation liquid, and gas
supply means 7,8,9,10, which according to wishes and
needs optionally are placed in the downstream part, the
U-bend part, and the upstream part, preferably in the
lower end thereof, with accompanying static-mechanical
mixing members 13,14,15,16,17 for the comminution of
the gases introduced into the fermentation liquid, and

inlet means for water and nutrient salts 18 and 19, re-
spectively, said fermentor being characterized in that ion
sensor(s) or analyser(s) 20,21,22,23 for sensing the con-
centration of at least one of the ion species phosphate,
ammonium, nitrate and hydrogen ion, oxygen sensor(s)
for sensing the oxygen concentration and at least one
thermo phial for sensing the temperature are provided
in-line in the circulating fermentation liquid in connection
with the supply means 7,8,9,10,18,19 or in by-pass ar-
rangements attached thereto, said sensor(s), analyser
(s) and phial(s) delivering signals to a data processing
system (PC) wherein the received signals are processed
and the doses of supplied gases, water, minerals and pH
controlling means supplied via the supply means
7,8,9,10,18,19 are calculated and optimised from pre-
programmed amounts in relation to the results measured.
[0023] From the outlet 11 the fermentation liquid with
its content of biomass and dissolved gases, etc. are
pumped to a gas separator from which separated resid-
ual gases are recirculated to the fermentor, whereas the
fermentation liquid is passed to a separator (centrifuge)
for up-concentration of the content of solids in the fer-
mentation liquid and from there further on to a sterilization
unit and an ultra filtration unit eventually to end up in a
spray drying unit, wherein the product solids of the fer-
mentation are recovered, whereas the amounts of liquid
separated in these units with their contents of nutrients
essentially are recirculated to the fermentor loop.
[0024] The invention also relates to a method of per-
forming a fermentation process, by which method water,
fermenting micro-organisms, at least two different gases,
necessary nutrient salts and pH controlling means as well
as possible recovered fermentation liquid (supernatant)
are introduced into a U-shape and/or nozzle-U-loop fer-
mentor and fermentation liquid is withdrawn, the fermen-
tation liquid being circulated in the fermentor by means
of an in-line pump placed in the U-part of the fermentor,
said method being characterized in that the concentration
of at least one of the ion species phosphate, ammonium,
nitrate and hydrogen ion are sensed by an ion sensor or
analyser which is placed in-line in the circulating fermen-
tation liquid in connection with supply means for gases,
nutrient salts, pH controlling means and water, in that the
oxygen concentration of the fermentation liquid is corre-
spondingly sensed by an oxygen sensor being placed in
connection with the respective supply means, and in that
the temperature of the fermentation liquid is sensed by
at least one thermo phial, the said sensors, analysers
and phials delivering signals to a data processing system
(PC), wherein the signals received are processed, and
the doses of supplied gases, water, minerals and pH con-
trolling means added via the supply means are calculated
and optimised from pre-programmed amounts in relation
to the results measured.
[0025] Preferably, both phosphate, ammonium and ni-
trate are measured in-line with an ion analyser at the
injection of the gases or gas-liquid mixture, and oxygen
is also measured in-line with an oxygen sensor. Further-
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more, also pH values and temperature are measured in-
line.
[0026] It is a common feature for all measures and gas
injections and other substances of addition that they are
controlled and adjusted on the basis of the results meas-
ured in the fermentation liquid, which are transferred to
a data processing system (PC), wherein the data are
processed and the doses of addition via the nozzle ar-
rangements are calculated and optimised from pre-pro-
grammed amounts relative to the results measured.
[0027] The nozzle arrangement can be a single flow
or a multiple flow arrangement. - By multiple flows it will
be liquid from the fermentor, which is mixed with gas,
either oxygen, natural gas or any other gas, before injec-
tion under pressure in the fermentor, so that a fine dis-
persion is obtained.
[0028] In case of a multiple flow arrangement ammo-
nium, phosphate and nitrate can be measured via a by-
pass in the return flow, e.g. with an ion analyser, and the
oxygen content can be measured on-line via other meas-
uring instruments, while other ingredients are monitored
via laboratory analyses.
[0029] The pressure in the nozzles can be varied so
that the dispersion (bubble size) can be measured in the
liquid or via a high-speed camera placed in connection
with the injection and designed so that switching between
the different nozzle arrangements can be effected ac-
cording to a programmed cycle.
[0030] The fermentors are either without pressure or
have a constant gauge pressure above that of the atmos-
phere. The pressure is here controlled via the consump-
tion of the gases injected into the head-space of the fer-
mentor so that a variable counter pressure can be estab-
lished relative to the residual gases measured in the
head-space, and the consumption of the gases is super-
vised and controlled so that the head-space at no point
of time is filled with a mixture of gases which constitutes
an explosion risk.
[0031] Thus, in operation the fermentor can be without
any over pressure in the headspace or with an over pres-
sure of up to 2-3 bars or more.
[0032] Similar measurements are performed on the
supernatant, which is returned from the centrifugal sep-
aration, and on the liquid, which is passed back from ultra
filtration, so that back conveyance of these liquids with
the contents they may have of different organic and in-
organic substances are also incorporated in the optimi-
sation of the fermentor.
[0033] No other fermentor, it being a U-nozzle loop or
a stirred fermentor, has an optimisation process as that
disclosed herein, via on-line measurements, including
ion analysers, and optimisation of gas injections and oth-
er substance additions via nozzle arrangements, wherein
the pressure can be varied relative to the optimum con-
sumption of the gases and security conditions.

Detailed description of preferred embodiments of the in-
vention

[0034] The invention will be further illustrated in more
details with reference to figure 1 of the drawing, which
shows a cross section of an embodiment of a U-shape
and/or nozzle-U-loop fermentor according to the inven-
tion with accompanying process auxiliary units and proc-
ess diagram.
[0035] In the figure, 1 designates the very U-shape
and/or nozzle-U-loop fermentor. 2 indicates the down-
stream part of the fermentor, 3 its U-bend part, and 4 its
upstream part. The downstream part 2, the U-bend part
3 and the upstream part 4 constitute together the U-part
of the apparatus, which unitarily is denoted 2,3,4. 5 indi-
cates the top part of the fermentor, while 6 indicates a
venting tube for exhausting the gas or gases separated
in the headspace of the top part. 7 indicates a first mem-
ber for introducing a gas, e.g. natural gas or methane, 8
indicates another member for introducing the same or
another gas, e.g. ammonia and 9 and 10 indicate supply
members for the addition of a gas different from the first
gas, e.g. atmospheric air, pure oxygen or atmospheric
air enriched with pure oxygen. 13,14,15,16 and 17 each
indicate a mixing member such as a static-mechanical
mixing member for comminution of the preceding sup-
plied gases into numerous small fine bubbles.
[0036] 18 indicates a supply conduit for water for sup-
plementing the fermentation liquid, 19 indicates a supply
conduit for nutrient salts, such as ammonium, magnesi-
um, calcium, potassium, iron, copper, zinc, manganese,
nickel, cobalt and molybdenum in the form of sulphates,
chlorides oritrates and pH controlling means, and 11 de-
notes an outlet for draining off fermentation liquid with
contents of produced biomass and/or other product sub-
stances. Immediately in front of the gas inlet members
7,8,9,10 sensors 20,21,22,23 are provided for sensing
the concentrations of the gases in question, e.g. CH4 and
O2, and at least one of the ions phosphate, ammonium,
nitrate and hydrogen ion. Similar sensors unitarily denot-
ed 24 are provided in the liquid recirculation conduit 25.
Besides, a thermo phial 26 for sensing the temperature
of the fermentation liquid is provided at at least one lo-
cation in the fermentor loop. Sensors and phials deliver
signals which are conducted to a data processing system
(PC) (not shown), wherein they are processed and where
the doses of substances supplied via the supply mem-
bers 7,8,9,10,18,19 are calculated, optimised and con-
trolled from pre-programmed amounts of addition relative
to the concentrations measured and calculated.
[0037] The fermentation liquid withdrawn through the
outlet 11 is pumped by a pump 27 to a gas separator 28,
from which the separated air (gases) is passed back to
the fermentor, e.g. to the top part 5 thereof, through a
conduit 29. Via a dosing nozzle 30 acid, preferably sul-
phuric acid, is added to the fermentation liquid dis-
charged from the air separator 28, so that a sufficiently
low pH is obtained to release CO2. The acid-dosing noz-
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zle 30 is controlled by a signal from the pH sensor 31,
which measures the pH value in the fermentation liquid
after the addition of acid.
[0038] The released CO2 is separated in the CO2 sep-
arator 32 and vented from there through a conduit 33 to
the atmosphere. The CO2 depleted fermentation liquid
is passed through a conduit 34 to a separator 35, such
as a centrifuge. In the separator the fermentation liquid
is divided into a liquid flow which is substantially depleted
for biomass/product substances and which through a
conduit 36 is passed back to the fermentor loop through
the recirculation conduit 25, and another liquid flow which
is enriched with biomass/product substances and which
through a conduit 37 is pumped by the pump 38 to a
sterilization unit 39 (UHT = Ultra High Temperature). The
sterilization unit is supplied superheated steam through
the steam supply nozzle 40 which is controlled by a signal
from the temperature phial 41 (T), so that the concen-
trated fermentation liquid attains a temperature of e.g.
140°C.
[0039] The sterilized fermentation liquid is quenched
to e.g. 70°C and is passed through a conduit 42 to an
ultra filtration unit 43 (UF), wherein a further concentra-
tion of biomass/product substances occurs, which
through a conduit 44 is conducted to a spray-drier 45,
wherein the major part of the residual liquid is removed
and biomass/product substances having a content of sol-
ids of e.g. about 94% are withdrawn.
[0040] From the sterilization unit 39 and the ultra filtra-
tion unit 43 liquid flows having a low content of biomass/
product substances are drained off through conduits 46
and 47, respectively, which conduct these liquid flows
back to the fermentor loop via the recirculation conduit 25.
[0041] From the sterilization unit 39 and the ultra filtra-
tion unit 43 small flows of condensates are further with-
drawn, which are collected via the collection conduits 49
and 50, respectively.

Example of production

[0042] As an example of the application of the fermen-
tor described above with accompanying process auxilia-
ry units, a production of single cell protein using natural
gas as carbon and energy sources will be described in
the following.
[0043] Initially, the fermentation system is cleaned with
hot sodium hydroxide followed by a short treatment with
dilute nitric acid solution and sterilization with super heat-
ed steam having a temperature of 120°C for one hour.
The fermentor is then filled with water, which has been
heat-sterilized at 130°C for 10 seconds. Gases and so-
lutions of minerals, ammonia and phosphoric acid are
also sterilized before they are fed into the fermentor.
[0044] Atmospheric air, pure oxygen or atmospheric
air enriched with pure oxygen is used as oxygen source
and ammonia is used as nitrogen source. Additionally,
phosphate is introduced as phosphoric acid and miner-
als, such as magnesium, calcium, potassium, iron, cop-

per, zinc, manganese, nickel, cobalt and molybdenum,
in the form of sulphate, chloride or nitrate salts. Besides,
sodium hydroxide and sulphuric acid are supplied for
controlling the pH of the fermentation liquid so that it is
at 6.5 � 0.3, while the temperature is maintained at 45°C
� 2°C.
[0045] Methylococcus capsulatus (M. capsulatus) is
used as methanotrophic microorganism for the utilization
of the supplied gases. M. capsulatus metabolises the
methane in the natural gas into biomass and carbon di-
oxide. However, natural gas frequently contains 5-10%
ethane and higher hydrocarbons, and M. capsulatus can
only oxidize these hydrocarbons into the corresponding
alcohols, aldehydes and carboxylic acids, but cannot ox-
idize these completely to solely carbon dioxide and water
or utilize them for biomass production. Therefore, a pure
culture of M. capsulatus, which is supplied with natural
gas, will accumulate acetic acid and other carboxylic ac-
ids due to the content of higher hydrocarbons in the nat-
ural gas. Accumulated high concentrations of carboxylic
acids inhibit the growth of M. capsulatus and, therefore,
the fermentation liquid is supplemented with three het-
erotrophic bacteria, which are selected so that a fermen-
tation ecosystem is obtained, in which all product niches
are occupied. Their main function is to exploit acetic acid
and other carboxylic acids and degrade them to carbon
dioxide so that carboxylic acid accumulation is avoided.
[0046] When the entire U-shape fermentor has been
filled with water and the necessary nutrient salts and an
inoculation culture of microorganisms have been added,
the fermentation liquid circulation is started and propelled
by the in-line pump 12, whereupon the feed gases natural
gas, ammonia and oxygen (atmospheric air) are intro-
duced into the fermentation liquid until a steady state with
a biomass content of 2-3% solids is obtained. Then with-
drawing of fermentation liquid through the outlet 11 is
initiated simultaneously with supplying water and recir-
culation liquid (supernatant) at a dilution rate of 0.20 -
0.25 h-1. From then, the supply of gases, nutrient salts
and pH adjustment means is effected on the basis of in-
line measurements of ammonium, phosphate and nitrate
as well as oxygen and methane by the sensors 20-23 in
the fermentor loop and by the sensors 24 in the conduit
25 for recirculation liquid (supernatant). Besides, deter-
minations of the headspace gases can be performed in
the top part 5 of the fermentor. The calculations for ad-
dition of gases and nutrient salts are performed in the
data processing system (PC) (not shown in fig. 1) on the
basis of the measurement signals delivered from the sen-
sors and a detailed knowledge about the stoichiometric
demands of the different minerals for the fermentation
culture used.
[0047] When the whole fermentation plant with ap-
pending process auxiliary units have reached the station-
ary condition, at which the biomass content in the fer-
mentation liquid is about 2-3% solids, the supply process
and product flows are e.g. as shown in figure 1 of the
drawing. This state of production with continuous oper-
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ation can subsequently be maintained for 4-5 weeks,
whereupon the plant is emptied, cleaned and restarted
as described above.
[0048] The fermentation liquid with a biomass content
of 2-3% solids withdrawn from the U-loop fermentor is
concentrated in the separator 35 to a contents of solids
of about 15%, is quickly heated in the sterilization unit 39
to a temperature of about 140°C for the attainment of a
sterile product, and is then quenched to about 70°C.
Hereby the biomass is inactivated and the cells undergo
lyses so that the protein becomes more accessible. Fi-
nally, the sterilized biomass is dried in the spray drier unit
45 having an integrated fluidised bed. Hereby a non-
dusty agglomerated product having a content of solids
(TS) of e.g. 94% by weight is obtained.
[0049] In order to minimise the consumption of process
water and to minimise the amount of wastewater, the
process water (supernatant) separated by the separator
35, by the sterilization unit 39 and by the ultra filtration
unit 43 is returned after a short heat treatment.
[0050] The product obtained is routinely examined for
microbial contaminations, water content and chemical
composition. Tests have shown that the sterilization
treatment kills all the fermentation bacteria used in the
production.
[0051] The spray drying is the last step in the produc-
tion of the biomass protein, which does not undergo fur-
ther processing before final use.
[0052] The protein product obtained is a free-flowing,
reddish-brown, non-dusty agglomerate with a particle
size of 150-200 Pm.
[0053] Analyses of the biomass protein product have
on a dry weight basis given the following average com-
position values:

Claims

1. A U-shape and/or nozzle-U-loop fermentor having a
U-part consisting of an essentially vertical down-
stream part (2), an essentially vertical upstream part
(4), a U-shape bend part (3), which connects the
lower ends of the downstream and the upstream
parts, an in-line pump (12) placed in the U-part for
circulation of fermentation liquid in the fermentor, a
top part (5) which is provided above the upper end

Composition Weight %

Crude protein 70.6

Crude fat 9.8

Ash 7.1

Crude fibre 0.7

N-free extract 11.8

Total 100.0

of the downstream part and has the form of a cylinder
with a diameter which is substantially larger than the
diameter of the downstream part and is connected
thereto via a truncated cone-shaped connection
part, the upper end of the upstream part (4) being
passed essentially horizontally and tangentially into
the lower part of the top part (5) via a bend, a vent
tube (6) for discharging gas(es) released in the head-
space of the top part, an outlet (11) preferably placed
in the U-bend part (3) for withdrawing fermentation
liquid, and gas supply members (7,8,9,10) which ac-
cording to wishes and demand optionally are placed
in the downstream part, the U-part and the upstream
part, preferably in the lower end thereof, with accom-
panying static-mechanical mixing members
(13,14,15,16,17) for comminution of the gases intro-
duced into the fermentation liquid, and inlet members
for water and nutrient salts (18) and (19), respective-
ly, characterized in that one (or more) ion sensor
(s) or analyser(s) (20,21,22,23) for sensing the con-
centration of at least one of the ion species phos-
phate, ammonium, nitrate and hydrogen ion, oxygen
sensor(s) for sensing the oxygen concentration, and
at least one thermo phial for sensing the temperature
are provided in-line in the circulating fermentation
liquid in connection with the supply members
(7,8,9,10,18,19) or in by-pass arrangements in con-
nection therewith, said sensor(s), analyser(s) and
phial(s) deliver signals to a data processing system
(PC), and that sensors (24) are also provided in a
liquid recirculation conduit (25) for sensing the con-
centration of at least one of the ion species phos-
phate, ammonium, nitrate and hydrogen ion, said
sensors also deliver signals to the data processing
system (PC), wherein the signals received are proc-
essed and the dosage of feed gases, water, minerals
and pH adjustment means via the supply members
(7,8,9,10,18,19) are calculated and optimised from
pre-programmed amounts relative to the results
measured.

2. A fermentor according to claim 1, characterized in
that at least one of the sensors (20,21,22,23), pref-
erably the sensor (20), is capable of sensing the con-
centration of methane in the fermentation liquid and
deliver a corresponding signal to the data processing
system (PC), wherein it is processed and included
in the calculation and optimisation of the dosage of
feed gases, water, minerals and pH adjustment
means via the supply members (7,8,9,10,18,19)
from pre-programmed amounts relative to the results
measured.

3. A fermentor according to claim 1, characterized in
that the sensors or analysers (20,21,22,23,24) are
capable of sensing the concentration of all the ion
species phosphate, ammonium, nitrate and hydro-
gen ion, and the oxygen concentration and delivering
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signals to the data processing system (PC), wherein
the signals received are processed and the dosage
of feed gases water, minerals and pH adjustment
means via the supply members (7,8,9,10,18,19) are
calculated and optimised from pre-programmed
amounts relative to the results measured.

4. A method of effecting a fermentation process, by
which method water, fermenting microorganisms, at
least two different gases, necessary nutrient salts
and pH adjustment means as well as any recovered
fermentation liquid (supernatant) are introduced into
a U-shape and/or nozzle-U-loop fermentor and fer-
mentation liquid is withdrawn, the fermentation liquid
being circulated in the fermentor by means of an in-
line pump provided in the U-part of the fermentor,
characterized in that the concentration of at least
one of the ion species phosphate, ammonium, nitrate
and hydrogen ion is sensed with an ion sensor or
analyser placed in-line in the circulating fermentation
liquid in connection with the supply members for gas-
es, nutrient salts, pH adjustment means and water,
that the oxygen concentration in the fermentation liq-
uid correspondingly is sensed with an oxygen sensor
placed in connection with the respective supply
member, and the temperature of the fermentation
liquid is sensed with at least one thermo phial, the
said sensors, analysers and phials delivering signals
to a data processing system (PC), and that the con-
centration of at least one of the ion species phos-
phate, ammonium, nitrate and hydrogen ion, is
sensed with sensor(s) provided in a liquid recircula-
tion conduit, said sensor(s) also delivering signals
to the data processing system (PC), wherein the sig-
nals received are processed and the dosage of feed
gases, water, minerals and pH adjustment means
via the supply members are calculated and opti-
mised from pre-programmed amounts relative to the
results measured.

5. A method according to claim 4, characterized in
that the concentration of all the ion species phos-
phate, ammonium, nitrate and hydrogen ion are
sensed with ion sensors or analysers placed in-line
in the circulating fermentation liquid in connection
with the supply members for gases, nutrient salts,
pH adjustment means and water, and that the sen-
sors or analysers deliver signals to a data processing
system (PC), wherein the signals received are proc-
essed and the dosage of feed gases, water, minerals
and pH adjustment means via the supply members
are calculated and optimised from pre-programmed
amounts relative to the results measured.

6. A method according to any of the claims 4 and 5,
characterized in that the fermentation process is a
methanotrophic fermentation process and at least
one of the gases introduced into the fermentation

liquid is methane or natural gas and that additionally
one gas is introduced, which is either atmospheric
air, pure oxygen or atmospheric air enriched with
oxygen.

7. A method according to claim 6, characterized in
that additionally ammonia is introduced into the fer-
mentation circulation loop as nitrogen source for the
fermentation process.

8. A method according to claim 7, characterized in
that methane or natural gas, ammonia, and atmos-
pheric air, pure oxygen or atmospheric air enriched
with oxygen are introduced in the said order in the
flow direction of the fermentation liquid in the U-loop
fermentor as viewed from the upper end of the down-
stream part of the fermentor.

9. A method according to any of claims 6-8, charac-
terized in that also the concentration of methane in
the fermentation liquid is sensed with a sensor or
analyser which deliver a corresponding signal to the
data processing system (PC), wherein it is proc-
essed and included in the calculation and optimisa-
tion of the dosage of feed gases, water, minerals and
pH adjustment means via the supply members
(7,8,9,10,18,19) from pre-programmed amounts rel-
ative to results measured.

Patentansprüche

1. U-förmige Fermentationsvorrichtung und/oder Dü-
sen-U-Schlaufen-Fermentationsvorrichtung mit ei-
nem U-Teil, bestehend aus: einem im Wesentlichen
vertikalen Abwärtsstromteil (2), einem im Wesentli-
chen vertikalen Aufwärtsstromteil (4), einem U-för-
mig gebogenen Teil (3), das die unteren Enden der
Abwärtsstrom- und Aufwärtsstromteile verbindet, ei-
ner Inline-Pumpe (12), die für die Zirkulation von Fer-
mentationsflüssigkeit in der Fermentationsvorrich-
tung in dem U-Teil angeordnet ist, einem Oberteil
(5), das oberhalb des oberen Endes des Abwärts-
stromteils vorgesehen ist und die Form eines Zylin-
ders aufweist mit einem Durchmesser, der wesent-
lich größer ist als der Durchmesser des Abwärts-
stromteils und daran über ein kegelstumpfförmiges
Verbindungsteil angeschlossen ist, wobei das obere
Ende des Aufwärtsstromteils (4) im Wesentlichen
horizontal und tangential über einen Bogen in den
unteren Teil des Oberteils (5) übergeht, einem Ven-
tilationsrohr (6) zum Ablassen von im Oberraum des
Oberteils abgegebenem (abgegebenen) Gas (Ga-
sen), einem vorzugsweise in dem U-förmig geboge-
nen Teil (3) angebrachten Auslass (11) zum Entneh-
men von Fermentationsflüssigkeit, und Gaslieferein-
richtungen (7, 8, 9, 10), die in Übereinstimmung mit
Wünschen und Anforderungen als Option in dem Ab-
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wärtsstromteil, dem U-Teil und dem Aufwärtsstrom-
teil, vorzugsweise in deren unterem Ende, ange-
bracht sind, mit dazu gehörenden statischmechani-
schen Mischvorrichtungen (13, 14, 15, 16, 17) für
die Feinstverteilung der Gase, die in die Fermenta-
tionsflüssigkeit eingeführt werden, und Einlassein-
richtungen für jeweils Wasser und Nährsalze (18)
und (19), dadurch gekennzeichnet, dass ein (oder
mehrere) lonen-Sensor(en) oder Analysator(en)
(20, 21, 22, 23) zum Abfühlen der Konzentration von
mindestens einer der Ionensorten, nämlich Phos-
phat, Ammonium, Nitrat und Wasserstoff-lon, dass
ein Sauerstoff-Sensor(en) zum Abfühlen der Sauer-
stoff-Konzentration und mindestens eine Thermo-
Phiole zum Abfühlen der Temperatur in der mit den
Liefereinrichtungen (7, 8, 9, 10, 18, 19) in Verbin-
dung stehenden, zirkulierenden Fermentationsflüs-
sigkeit oder in damit in Verbindung stehenden "By-
pass"-Anordnungen "inline" angeordnet sind, wobei
der (die) genannte(n) Sensor(en), Analysator(en),
und Phiole(n) Signale an ein Datenverarbeitungssy-
stem (PC) abgeben, und dass auch Sensoren (24)
in einem Flüssigkeits-Rezirkulationskanal (25) zum
Abfühlen der Konzentration von mindestens einer
der Ionensorten, nämlich Phosphat, Ammonium, Ni-
trat und Wasserstoff-Ion, vorgesehen sind, wobei die
Sensoren auch Signale an das Datenverarbeitungs-
system (PC) abgeben, wobei die empfangenen Si-
gnale verarbeitet werden und die Dosierung der Zu-
leitung von Gasen, Wasser, Mineralien und pH-Ein-
stellmitteln über die Liefereinrichtungen (7, 8, 9, 10,
18, 19) auf der Basis von vorprogrammierten Men-
gen, die sich auf die Messergebnisse beziehen, be-
rechnet und optimiert werden.

2. Fermentationsvorrichtung nach Anspruch 1, da-
durch gekennzeichnet, dass zumindest einer der
Sensoren (20, 21, 22, 23), vorzugsweise der Sensor
(20), so ausgebildet ist, dass die Methankonzentra-
tion in der Fermentationsflüssigkeit abfühlbar ist und
ein entsprechendes Signal an das Datenverarbei-
tungssystem (PC) lieferbar ist, worin es verarbeitet
wird und in die Berechnung und Optimierung der Do-
sierung der Zuleitung von Gasen, Wasser, Minera-
lien und pH-Einstellmitteln über die Liefereinrichtun-
gen (7, 8, 9, 10, 18, 19) auf Basis von vorprogram-
mierten Mengen, die sich auf die Messergebnisse
beziehen, einbezogen wird.

3. Fermentationsvorrichtung nach Anspruch 1, da-
durch gekennzeichnet, dass die Sensoren oder
Analysatoren (20, 21, 22, 23, 24) so ausgebildet
sind, dass die Konzentration von allen Ionensorten,
nämlich Phosphat, Ammonium, Nitrat und Wasser-
stoff-Ion, und die Sauerstoffkonzentration abfühlbar
und Signale an das Datenverarbeitungssystem (PC)
lieferbar sind, worin die empfangenen Signale ver-
arbeitet werden und die Dosierung von der Zuleitung

von Gasen, Wasser, Mineralien und pH-Einstellmit-
tel über die Liefereinrichtungen (7, 8, 9, 10, 18, 19)
auf Basis von vorprogrammierten Mengen, die sich
auf die Messergebnisse beziehen, berechnet und
optimiert werden.

4. Verfahren zum Durchführen eines Fermationsvor-
gangs, wobei durch das Verfahren Wasser, Fermen-
tations-Mikroorganismen, zumindest zwei unter-
schiedliche Gase, notwendige Nährsalze und pH-
Einstellmittel sowie jede angesammelte Fermenta-
tionsflüssigkeit (oben schwimmend) in eine U-förmi-
ge Fermentationsvorrichtung und/oder Düsen-U-
Schlaufen-Fermentationsvorrichtung eingeführt
werden und Fermentationsflüssigkeit entnommen
wird, wobei die Fermentationsflüssigkeit mittels ei-
ner Inline-Pumpe, die in dem U-Teil der Fermenta-
tionsvorrichtung angeordnet ist, in der Fermentati-
onsvorrichtung zirkuliert wird, dadurch gekenn-
zeichnet, dass die Konzentration von mindestens
einer der Ionensorten, nämlich Phosphat, Ammoni-
um, Nitrat und Wasserstoff-lon, mit einem Ionensen-
sor oder Analysator abgefühlt wird, der "inline" in der
zirkulierenden Fermentationsflüssigkeit angeordnet
ist, die mit den Liefereinrichtungen für Gase, Nähr-
salze, pH-Einstellmittel und Wasser in Verbindung
steht, dass die Sauerstoff-Konzentration in der Fer-
mentationsfllüssigkeit entsprechend mit einem Sau-
erstoffsensor abgefühlt wird, der mit der jeweiligen
Liefereinrichtung in Verbindung stehend angebracht
ist, und die Temperatur der Fermentationsflüssigkeit
mit mindestens einer Thermo-Phiole abgefühlt wird,
wobei die besagten Sensoren, Analysatoren und die
Phiolen Signale an ein Datenverarbeitungssystem
liefern, und dass die Konzentration von zumindest
einer der Ionensorten, nämlich Phosphat, Ammoni-
um, Nitrat und Wasserstoff-Ion, mit in einem Flüs-
sigkeits-Rezirkulationskanal angebrachten Senso-
ren abgefühlt wird, wobei besagte(r) Sensor(en)
auch Signale an das Datenverarbeitungssystem
(PC) liefert bzw. liefern, wobei die empfangenen Si-
gnale verarbeitet werden und die Dosierung der Zu-
leitung von Gasen, Wasser, Mineralien und pH-Ein-
stellmitteln über die Liefereinrichtungen auf Basis
von vorprogrammierten Mengen, die sich auf die
Messergebnisse beziehen, berechnet und optimiert
werden.

5. Verfahren nach Anspruch 4, dadurch gekenn-
zeichnet, dass die Konzentration aller Ionensorten,
nämlich Phosphat, Ammonium, Nitrat und Wasser-
stoff-lon, mit Ionensensoren oder Analysatoren, ab-
gefühlt werden, die "inline" in der zirkulierenden Fer-
mentationsflüssigkeit angeordnet sind, die mit den
Liefereinrichtungen für Gase, Nährsalze, pH-Ein-
stellmittel und Wasser in Verbindung steht, und dass
die Sensoren oder Analysatoren Signale an ein Da-
tenverarbeitungssystem (PC) liefern, wobei die
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empfangenen Signale verarbeitet werden und die
Dosierung der Zuleitung von Gasen, Wasser, Mine-
ralien und pH-Einstellmitteln über die Liefereinrich-
tungen auf Basis von vorprogrammierten Mengen,
die sich auf die Messergebnisse beziehen, berech-
net und optimiert werden.

6. Verfahren nach einem der Ansprüche 4 und 5, da-
durch gekennzeichnet, dass der Fermentations-
vorgang ein methanotropher Fermentationsvorgang
ist und mindestens eines der Gase, die in die Fer-
mentationsflüssigkeit eingeleitet werden, Methan
oder natürliches Gas ist und dass zusätzlich ein Gas
eingeführt wird, welches entweder atmosphärische
Luft, reiner Sauerstoff oder mit Sauerstoff angerei-
cherte atmosphärische Luft ist.

7. Verfahren nach Anspruch 6, dadurch gekenn-
zeichnet, dass zusätzlich als Stickstoffquelle für
den Fermentationsvorgang Ammonium in den Fer-
mentations-Umlaufregelkreis eingeführt wird.

8. Verfahren nach Anspruch 7, dadurch gekenn-
zeichnet, dass Methan oder natürliches Gas, Am-
monium und atmosphärische Luft, reiner Sauerstoff
oder mit Sauerstoff angereicherte atmosphärische
Luft in dieser Reihenfolge in Strömungsrichtung der
Fermentationsflüssigkeit in der U-Schlaufen-Fer-
mentationsvorrichtung zugeleitet wird, gesehen vom
oberen Ende des Abwärtsstromteils der Fermenta-
tionsvorrichtung.

9. Verfahren nach einem der Ansprüche 6 - 8, dadurch
gekennzeichnet, dass auch die Methankonzentra-
tion in der Fermentationsflüssigkeit mit einem Sen-
sor oder Analysator abgefühlt wird, der ein entspre-
chendes Signal an das Datenverarbeitungssystem
(PC) leitet, in welchem es verarbeitet und über die
Liefereinrichtungen (7, 8, 9, 10, 18, 19) auf Basis
von vorprogrammierten Mengen, die sich auf Mes-
sergebnisse beziehen, bei der Berechnung und Op-
timierung der Dosierung der Zuleitung von Gasen,
Wasser, Mineralien und pH-Einstellmitteln mit ein-
geschlossen wird.

Revendications

1. Fermentateur en forme de U et/ou à boucle en U
avec buses, comportant une partie en forme de U
consistant en une partie sensiblement verticale (2)
descendante, une partie sensiblement verticale (4)
ascendante, une partie courbe en forme de U (3),
qui relie les extrémités inférieures des parties des-
cendante et ascendante, une pompe en ligne (12)
placée dans la partie en forme de U et destinée à
faire circuler un liquide de fermentation dans le fer-
mentateur, une partie supérieure (5) qui est ména-

gée au dessus de l’extrémité supérieure de la partie
descendante et a la forme d’un cylindre de diamètre
sensiblement plus grand que celui de la partie des-
cendante et est reliée à cette dernière via une partie
de raccordement en forme de tronc de cône, l’extré-
mité supérieure de la partie ascendante (4) étant in-
troduite sensiblement horizontalement et tangentiel-
lement dans la région inférieure de la partie supé-
rieure (5) via un coude, un tuyau d’aération (6) pour
évacuer un ou des gaz relâchés dans l’espace de
tête de la partie supérieure, une sortie (11) ménagée
de préférence dans la partie courbe en forme de U
(3) et prévue pour l’extraction du liquide de fermen-
tation, et des éléments d’alimentation en gaz (7, 8,
9, 10) qui, suivant le souhait et les besoins, sont pla-
cés optionnellement dans la partie descendante, la
partie en forme de U et la partie ascendante, et de
préférence dans l’extrémité inférieure de cette der-
nière, avec des éléments de mélange mécaniques
statiques associés (13, 14, 15, 16, 17) destinés à
disperser les gaz introduits dans le liquide de fer-
mentation, et des éléments d’admission pour l’eau
et les sels nutritifs (18) et (19), respectivement,
caractérisé en ce qu’une (ou plusieurs) sonde(s)
ou analyseur(s) ionique(s) (20, 21, 22, 23) pour me-
surer la concentration d’au moins une parmi les dif-
férentes espèces d’ions, telles que ion phosphate,
ammonium, nitrate et hydrogène, qu’une ou des son-
de(s) d’oxygène pour mesurer la concentration
d’oxygène, et qu’au moins une ampoule, ou sonde
thermique pour mesurer la température sont prévus
en ligne dans le liquide de fermentation circulant en
association avec les éléments d’alimentation (7, 8,
9, 10, 18, 19) ou dans des configurations de con-
tournement en liaison avec ces derniers, en ce que
ledit ou lesdits sonde(s), analyseur(s) et ampoule(s)
émettent des signaux vers un système de traitement
de données (PC), et en ce que des sondes (24) sont
également prévues dans un conduit de re-circulation
de liquide (25) pour mesurer la concentration d’au
moins une des espèces d’ions, telles que ion phos-
phate, ammonium, nitrate et hydrogène, lesdites
sondes émettant également des signaux vers le sys-
tème de traitement de données (PC), dans lequel
les signaux reçus sont traités et le dosage en gaz,
eau, minéraux introduits, ainsi que le réglage du pH
via les éléments d’alimentation (7, 8, 9, 10, 18, 19)
sont calculés et optimisés par comparaison des va-
leurs prédéfinies aux résultats mesurés.

2. Fermentateur selon la revendication 1, caractérisé
en ce qu’au moins une des sondes (20, 21, 22, 23),
et de préférence la sonde (20), peut mesurer la con-
centration de méthane dans le liquide de fermenta-
tion et émet un signal correspondant vers le système
de traitement de données (PC), dans lequel il est
traité et pris en compte pour le calcul et l’optimisation
du dosage en gaz, eau, minéraux introduits, ainsi

17 18 



EP 1 183 326 B1

11

5

10

15

20

25

30

35

40

45

50

55

que le réglage du pH via les éléments d’alimentation
(7, 8, 9, 10, 18, 19) par comparaison des valeurs
prédéfinies aux résultats mesurés.

3. Fermentateur selon la revendication 1, caractérisé
en ce que les sondes ou analyseurs (20, 21, 22, 23)
permettent de mesurer la concentration de toutes
les espèces d’ions, telles que ion phosphate, ammo-
nium, nitrate et hydrogène, et la concentration d’oxy-
gène, et d’émettre des signaux vers le système de
traitement de données (PC), dans lequel les signaux
reçus sont traités et le dosage en gaz, eau, minéraux
introduits, ainsi que le réglage du pH via les éléments
d’alimentation (7, 8, 9, 10, 18, 19) sont calculés et
optimisés par comparaison des valeurs prédéfinies
aux résultats mesurés.

4. Procédé pour mettre en oeuvre un processus de fer-
mentation, par laquelle l’eau, les microorganismes
de fermentation, au moins deux gaz différents, les
sels nutritifs nécessaires et les moyens de réglage
de pH ainsi que tout liquide de fermentation récupéré
(liquide surnageant) sont introduits dans un fermen-
tateur en forme de U et/ou à boucle en U avec buses,
et le liquide de fermentation est extrait, le liquide de
fermentation étant mis en circulation dans le fermen-
tateur au moyen d’une pompe en ligne ménagée
dans la partie en forme de U du fermentateur,
caractérisée en ce que la concentration d’au moins
une des espèces d’ions, telles que ion phosphate,
ammonium, nitrate et hydrogène, est mesurée au
moyen d’une sonde ou d’un analyseur ionique placé
en ligne dans le liquide de fermentation circulant en
association avec les éléments d’alimentation en gaz,
sels nutritifs, moyens de réglage de pH et eau, et en
ce que la concentration d’oxygène dans le liquide
de fermentation est de même mesurée au moyen
d’une sonde d’oxygène placée en association avec
l’élément d’alimentation respectif, et en ce que la
température du liquide de fermentation est mesurée
par au moins une ampoule thermique, lesdits son-
des, analyseurs et ampoules émettant des signaux
vers un système de traitement de données (PC), et
en ce que la concentration d’au moins une parmi
les différentes espèces d’ions, telles que ion phos-
phate, ammonium, nitrate et hydrogène, est mesu-
rée par une ou des sondes prévues dans un conduit
de re-circulation de liquide, la ou lesdites sondes
émettant également des signaux vers le système de
traitement de données (PC), dans lequel les signaux
reçus sont traités et le dosage en gaz, eau, minéraux
introduits, ainsi que le réglage du pH via les éléments
d’alimentation sont calculés et optimisés par com-
paraison des valeurs prédéfinies aux résultats me-
surés.

5. Méthode selon la revendication 4, caractérisée en
ce que la concentration de toutes les espèces d’ions,

telles que ion phosphate, ammonium, nitrate et hy-
drogène, est mesurée à l’aide de sondes ou d’ana-
lyseurs ioniques placés en ligne dans le liquide de
fermentation circulant en association avec les élé-
ments d’alimentation en gaz, sels nutritifs, moyens
de réglage de pH et eau, et en ce que les sondes
ou analyseurs émettent des signaux vers un systè-
me de traitement de données (PC), dans lequel les
signaux reçus sont traités et le dosage en gaz, eau,
minéraux introduits, ainsi que le réglage du pH via
les éléments d’alimentation sont calculés et optimi-
sés par comparaison des valeurs prédéfinies aux
résultats mesurés.

6. Méthode selon l’une quelconque des revendications
4 et 5, caractérisée en ce que le procédé de fer-
mentation est un procédé de fermentation méthano-
trophique et au moins un des gaz introduits dans le
liquide de fermentation est du méthane ou un gaz
naturel, et qu’en outre un gaz est introduit, lequel est
soit de l’air atmosphérique, de l’oxygène pur ou de
l’air atmosphérique enrichi en oxygène.

7. Méthode selon la revendication 6, caractérisée en
ce que de l’ammoniac est également introduit dans
la boucle de circulation de fermentation comme sour-
ce d’azote pour le procédé de fermentation.

8. Méthode selon la revendications 7, caractérisée en
ce que le méthane ou un gaz naturel, ammoniac, et
air atmosphérique, oxygène pur ou air atmosphéri-
que enrichi en oxygène, sont introduits, dans ce mê-
me ordre, dans la direction d’écoulement du liquide
de fermentation dans le fermentateur à boucle en U,
lorsqu’il est vu depuis l’extrémité supérieure de la
partie descendante du fermentateur.

9. Méthode selon l’une quelconque des revendications
6-8, caractérisée en ce qu’également la concen-
tration de méthane est mesurée à l’aide d’une sonde
ou d’un analyseur qui émet un signal correspondant
au système de traitement de données (PC), dans
lequel il est traité et pris en compte pour le calcul et
l’optimisation du dosage en gaz, eau, minéraux in-
troduits, ainsi que le réglage du pH via les éléments
d’alimentation (7, 8, 9, 10, 18, 19) par comparaison
des valeurs prédéfinies aux résultats mesurés.
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