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Description

[0001] The invention relates to a method for nitrogen recovery from an ammonium comprising fluid. Such methods
extract nitrogen from a fluid, for example in the form of molecular nitrogen (N2) or ammonia (NH3). This is for instance
important in waste water treatment plants, since ammonium is considered a pollutant.
[0002] A conventional method for recovering nitrogen involves the use of a NH3 stripper. This device is similar to a
gas scrubber. The ammonium comprising fluid is brought into contact with a counter flowing gas stream, which strips
the ammonium from the water in the form of ammonia. However, this process is energy intensive and furthermore
requires large amounts of chemicals.
[0003] DE 101 38 966 A1 discloses a method for electrochemically splitting an aqueous solution of an ammonium salt
using an electrochemical cell having an anode compartment, an ion exchange membrane and a cathode compartment.
[0004] WO 2009/046417 A1 describes a waste water treatment using an MFC comprising an anode and a cathode,
wherein the anode comprises bacteria, to generate electricity.
[0005] A goal of the invention is to prevent or at least reduce the above disadvantages and to provide a method for
nitrogen recovery from an ammonium comprising fluid which is energy efficient.
[0006] This goal is achieved by the method for nitrogen recovery from an ammonium comprising fluid according to
claim 1.
[0007] In the context of the invention the term "ammonium" will be understood as NH4

+ ions, the term "molecular
nitrogen" will be understood as N2, and "ammonia" will be understood as NH3 (for example in the gas phase (g) or in
solution (aq)). The term "nitrogen recovery" will be understood as the recovery of a nitrogen comprising compound, such
as molecular nitrogen or ammonia (NH3). Ammonium-nitrogen will be understood as nitrogen in the form of NH4

+ and/or
NH3.
[0008] Ammonium ions will be transported from the anode compartment through the ion exchange membrane. Fur-
thermore, H+ ions will be consumed at the cathode, for example by reduction to hydrogen. Due to this H+ ion consumption
at the cathode the pH of the cathode compartment will increase. This enables the volatilisation and recovery of nitrogen
by the formation of ammonia according to the following reaction:

NH4
+ + OH- → NH3 + H2O.

[0009] The ammonia (NH3) can be extracted from the cathode compartment, by purging with a gas stream, such as
O2 or H2:

[0010] Therefore, ammonium nitrogen is recovered in a energy efficient way. Furthermore, no addition of chemicals
is required to increase the pH.
[0011] The at least one ion exchange membrane is for example a cation exchange membrane (CEM), an anion
exchange membrane (AEM), a bipolar exchange membrane (BEM) or a charge mosaic membrane (CMM). Preferably,
the membrane separating the anode compartment from the cathode compartment comprises a CEM, since transfer of
NH4

+ from the anode compartment is most efficient using a CEM.
[0012] Preferably, the applied voltage is in the range of 10 mV - 50 V, more preferably 50 mV - 10 V and most preferably
100 mV - 5 V, for example 1V - 2V.
[0013] The voltage preferably is a DC voltage.
[0014] Preferably, the method according to the invention comprises the step of providing a bio-electrode as the anode
and/or the cathode.
[0015] In other words, the anode and cathode are provided as components of a bio-electrochemical system. Conven-
tionally, bio-electrochemical systems are divided into two classes, namely microbial electrolysis cells (MECs) and mi-
crobial fuel cells (MFCs).
[0016] In conventional MECs a voltage is applied for electrolysis of water to produce H2. Usually the anode is provided
as a bio-electrode to oxidize organic compounds for electron production. The electrons are used to reduce protons (H+

ions) at the cathode to hydrogen. The goal of MECs is to produce a product at the cathode, in most cases hydrogen. In
contrast, the method according to the invention is aimed at nitrogen recovery, for example in the form of ammonia or
molecular nitrogen.
[0017] In conventional microbial fuel cells (MFCs) the organic compounds are consumed by the bacteria to produce
(bio-anode) and/or consume (bio-cathode) electrons to produce a current. In other words, the goal in conventional MFCs
is to produce electricity. In contrast, the invention is aimed at nitrogen recovery.
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[0018] Furthermore, conventional MFCs do not apply a voltage between the anode and the cathode, such as in the
method according to the invention.
[0019] Therefore, it is noted that the denominators MEC and MFC are strictly not appropriate for the components
provided by the method according to the invention, since the method is aimed at nitrogen recovery instead of hydrogen
or electricity production only, and a voltage is applied between the anode and the cathode. Therefore, the more general
term bio-electrochemical system will be used, i.e. a bio-electrochemical system is any system wherein micro-organisms,
such as bacteria, produce or consume electrons. In particular, bio-electrochemical systems comprise systems comprising
one or more bio-electrodes.
[0020] The bio-electrode is an anode provided with micro-organisms, such as bacteria, for example in the form of a
biofilm on the electrode.
[0021] The micro-organisms of the bio-electrode catalyze the reactions at the anode and/or cathode, thereby improving
the energy efficiency.
[0022] Preferably the anode is provided as a bio-electrode.
[0023] The bacteria of the bio-electrode catalyze the anodic reaction. This improves the energy efficiency.
[0024] Due to the oxidation of organic compounds at the anode the nitrogen recovery of the method according to the
invention is even more efficient. The electrons produced by the bacteria lower the voltage which has to be applied across
the anode and the cathode thereby decreasing the power consumption of the system and leading to an efficient method.
[0025] Furthermore, the method according to the invention has the advantage that no chemicals are required for
increasing the pH at the cathode.
[0026] For example, the organic compound comprises acetate or other fatty acids, creatinine, organic acids, creatine
or sugars. Complex organic compounds can be broken down stepwise by the bacteria of the bio-electrode.
[0027] For example, the oxidation reaction of acetate at a bio-anode is given by:

CH3COO- + 4H2O → 2HCO3
- + 9H+ + 8e-.

[0028] So, for each mole of acetate, eight moles of electrons are produced by the bacteria. Preferably, the ammonium
comprising fluid of the method comprises the organic compounds which can be oxidized by the bacteria of the bio-
electrode, for example the fluid comprises a waste water stream. Alternatively, organic compounds can be added to the
ammonium comprising fluid.
[0029] At least some of the protons produced at the anode, for example due to the above reaction, will pass through
the membrane to the cathode compartment. This increases the production of NH3, N2 and/or H2.
[0030] Preferably, a bio-anode is provided in an anaerobic anode compartment.
[0031] Preferably, the method of the invention comprises controlling the voltage to control ion transport rates. By
increasing the voltage between anode and cathode, the current density increases and therefore the ion transport in-
creases. This leads to an increased ammonium transport. Therefore, by investing a bit more energy via an increased
voltage a higher recovery can be achieved. Thus, by controlling the voltage, the recovery rate and energy expenditure
can be controlled.
[0032] The method according to the invention can be combined with other treatment methods, for example as a pre-
or post-treatment. For example, the method according to the invention is combined with an MAP (magnesium ammonium
phosphate) precipitation process. A fluid, preferably urine or a urine comprising fluid, is first treated with the MAP process,
thereby removing phosphorus from the fluid. The supernatant of the MAP process is subsequently treated with the
method according to the invention, for efficient removal of nitrogen from the fluid.
[0033] Preferably, the method according to the invention comprises the step of providing the fluid in the cathode
compartment with a pH above 7, preferably above 8, more preferably above 9, most preferably above 10.
[0034] As mentioned above the pH at the cathode will naturally increase due to H+ consumption at the cathode. In the
method according to the invention this increase in pH is not counteracted, as for example is common practice with MECs
or MFCs. Furthermore, the step of providing the fluid with an increased pH may comprise actively increasing the pH of
the fluid, for example by adding sodium hydroxide (NaOH).
[0035] The relatively high pH at the cathode enables the recovery of nitrogen according to the reaction:

NH4
+ + OH- → NH3 + H2O.

[0036] In a preferred embodiment according to the invention, extracting the nitrogen comprises extracting ammonia,
and the method further comprises the step of feeding the ammonia to a fuel cell.
[0037] In this embodiment the nitrogen is extracted at least in the form of ammonia (NH3), for example in the form of
ammonia gas. The ammonia is extracted and fed to a fuel cell. Two situations are distinguished.
[0038] In the first situation both hydrogen gas and ammonia are produced in the cathode compartment. The ammonia
is produced according to the above reaction and the hydrogen is produced by reduction of H+ ions at the cathode. For
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example, the fuel cell is a proton exchange membrane fuel cell or a solid oxide fuel cell (SOFC), or two separate fuel
cells are provided, one being a hydrogen fuel cell and one being an ammonia fuel cell.
[0039] Surprisingly, the energy content of the fuel produced exceeds the energy requirement of the voltage supply,
thereby resulting in a net energy gain. For example, the voltage supply can be powered by the fuel cell and the surplus
can be used for other purposes.
[0040] In the second situation the fluid in the cathode compartment comprises oxygen (O2) or preferably, oxygen is
supplied to the cathode compartment. The H+ ions can react with the available oxygen (O2) to form water (H2O) instead
of hydrogen, and the output of the cathode compartment will substantially comprise ammonia, which can be fed to an
ammonia fuel cell.
[0041] It is noted that no pre-treatment of the ammonia is required prior to electricity production.
[0042] In an alternative preferred embodiment according to the invention extracting the nitrogen comprises extracting
molecular nitrogen (N2) and the method further comprises the step of providing an additional anode.
[0043] The effect of the additional anode is that ammonia is decomposed to molecular nitrogen and, depending on
the configuration, hydrogen or water.
[0044] Preferably, but not necessarily, the anode and the additional anode are separated from each other by an ion
exchange membrane.
[0045] Preferably the anode and the additional anode are kept at substantially the same potential with respect to the
cathode, for example by connecting them is parallel.
[0046] Optionally the additional anode is a bio-anode.
[0047] The additional anode may be arranged in the cathode compartment or in an additional compartment.
[0048] When the additional anode is provided in the cathode compartment, in other words, the anode is provided in
an anode compartment which is separated from the cathode compartment by a ion exchange membrane and the cathode
compartment comprises both the additional anode and the cathode, the ammonia will be oxidized at the additional anode
according to the following reaction:

2NH3 → N2 + 6H+ + 6e- .

[0049] At the cathode protons will be reduced to hydrogen gas. Therefore, both molecular nitrogen (N2) and hydrogen
(H2) are produced in the cathode compartment.
[0050] Preferably, the method comprises extracting the molecular nitrogen and hydrogen separately. The molecular
nitrogen will be produced at the additional anode and can therefore be extracted from an outlet in the vicinity of the
additional anode. On the other hand, the hydrogen gas will be produced at the cathode and therefore preferably the
hydrogen gas is extracted from an outlet in the vicinity of the cathode.
[0051] In an alternative preferred embodiment the method according to the invention further comprises the steps of:

- providing an additional compartment between the anode compartment and the cathode compartment and arranging
the additional anode in the additional compartment;

- separating the anode compartment from the additional compartment by a first ion exchange membrane; and
- separating the additional compartment from the cathode compartment by a second ion exchange membrane.

[0052] By providing an additional compartment between the anode compartment and the cathode compartment dif-
ferent reactions at the additional anode and at the cathode can be obtained compared to the above embodiment in which
both electrodes are in the cathode compartment. Preferably, hydroxyl ions (OH-) produced at the cathode pass through
the second ion exchange membrane to the additional compartment comprising the additional anode. In the additional
compartment ammonia is decomposed into molecular nitrogen and protons according to 2NH3 → N2 + 6H+ + 6e-. For
every mole of NH3, three moles of electrons are formed. The H+ ions react with the hydroxide (OH-) to form H2O.
Therefore, nitrogen is extracted in the form of molecular nitrogen (gas) and furthermore water is produced. Both sub-
stances are environmentally friendly.
[0053] Preferably the first membrane is a Cation Exchange Membrane. Preferably the second membrane, i.e. the
membrane between the cathode compartment and the additional compartment, is an Anion Exchange Membrane.
[0054] In a further preferred embodiment according to the invention the method comprises the step of feeding fluid
from the anode compartment to the compartment comprising the additional anode.
[0055] The additional anode decomposes ammonia from the fluid in the compartment with the additional anode, i.e.
the cathode compartment or the additional compartment. By feeding at least a part of the fluid from the anode compartment
to this compartment remaining ammonia in the anode compartment’s effluent can be decomposed in the compartment
comprising the additional anode. Preferably the fluid or part of the fluid from the anode compartment is fed periodically
to the compartment comprising the additional anode.
[0056] In a preferred embodiment according to the invention the method comprises the step of supplying oxygen to
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the cathode compartment.
[0057] By supplying oxygen (O2) to the cathode compartment water (H2O) can be formed due to a reaction between
the oxygen (O2), electrons (e-) and H+ ions. This is an advantage for example in the case one is only interested in
producing an ammonium reaction product, such as ammonia (NH3) or nitrogen (N2), but no hydrogen production is
desired. Due to the reaction of protons with oxygen, water will be produced at the cathode instead of hydrogen. Further-
more, O2 reduction requires less energy than H+ reduction, thus further increasing the energy efficiency of the method
according to the invention.
[0058] Furthermore, current densities are increased and as a result the transport rate of NH4

+ ions is increased.
[0059] Preferably, the method according to the invention comprises providing a urine comprising fluid as ammonium
comprising fluid, preferably the urine concentration is high, most preferably 100%.
[0060] Urine comprises relatively high levels of nitrogen in the form of urea. Urea decomposes to ammonia and
ammonium. For example, waste water treatment plants have to remove considerable amounts of ammonium and am-
monia due to urine. In particular since approximately 80% of nitrogen in waste water originates from urine. The method
according to the invention is in particular suitable for this task.
[0061] Preferably, the method comprises the step of collecting urine separated from other waste stream fluids, such
that a separate treatment of the urine is possible. It is noted that urine comprises furthermore several organic compounds,
such as fatty acids, organic acids, proteins, polysaccharides and lipids for example. The typical amount of oxidizable
organic compounds in urine is as high as 10 g/L. With the method according to the invention, wherein a bio-electrode
is used, such compounds can be biologically oxidized, and in addition electrons are produced in this process. This leads
to an effective treatment of waste water. Furthermore, treatment of the ammonium comprising fluid, such as waste water,
is sustainable. Energy can be gained from the process, and COD and nitrogen are removed from the fluid.
[0062] In a preferred embodiment according to the present invention the method comprises providing an ammonium
comprising fluid having an ammonium-nitrogen concentration ≥ 0.5 g/l, preferably > 1 g/l, more preferably > 5 g/l and
most preferably > 10 g/l.
[0063] Further advantages and details of the invention are elucidated using the accompanying drawings, wherein:

- figure 1 illustrates a first embodiment of the method according to the invention, wherein hydrogen and ammonia are
produced;

- figure 2 illustrates a second embodiment of the method according to the invention wherein ammonia is produced;
- figure 3 illustrates a third embodiment of the method according to the invention wherein an additional anode in the

cathode compartment is provided and molecular nitrogen and hydrogen are produced;
- figure 4 illustrates a fourth embodiment of the method according to the invention, wherein an additional anode in

the cathode compartment is provided and molecular nitrogen and hydrogen is produced;
- figure 5 illustrates a fifth embodiment of the method according to the invention wherein an additional compartment

is provided and an additional anode is provided within this additional compartment;
- figure 6 shows experimental results in the form of a graph of pH, current and cell voltage over time; and
- figure 7 shows a block diagram of a combination of an MAP process and the method according to the invention.

[0064] In figures 1-5, similar components have been given the same reference numeral increased with a hundreds,
e.g. element 14 in figure 1 is similar to element 114, 214, 314, 414 in figures 2, 3, 4 and 5 respectively.
[0065] A first bio-electrochemical system 2 (figure 1) comprises an anode compartment 4 with a bio-anode 6 and a
cathode compartment 8 with a cathode 10. The anode compartment 4 and the cathode compartment 8 are separated
by a cation exchange membrane 12. The bio-anode 6 and the cathode 10 are connected with a power supply 14.
[0066] The anode compartment 4 comprises an inlet 16 for supplying urine to the anode compartment 4, as indicated
with the arrow. The cathode compartment 8 comprises an outlet 18 for extraction of a hydrogen ammonia mixture
(H2/NH3). The anode compartment comprises an outlet 20 for releasing effluent. Preferably, the effluent is released
periodically, for example by means of a valve controlled by a control mechanism. The effluent is optionally fed to a
system for removal of phosphorus. This is in particular efficient due to the low carbonate/bicarbonate concentration of
the effluent. Furthermore, the low pH of the anode is beneficial for phosphorus recovery, since carbonate (CO3

2-) can
be easily stripped as CO2 at a low pH:

H2CO3 ↔ H2O + CO2

H2CO3 ↔ HCO3
- + H+ (pKa = 6.3)

HCO3
- ↔ H+ + CO3

2- (pKa = 10.05)

[0067] Less carbonate in the solution means that less calcium carbonate (CaCO3) will be formed during the recovery
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of phosphate as a calcium phosphate (e.g. hydroxyapatite, Ca5(PO4)3(OH)). Therefore, phosphate recovery becomes
more efficient.
[0068] The outlet 18 of the cathode compartment 8 is connected to a fuel cell 22 for the production of electricity. The
amount of power produced by fuel cell 22 exceeds the power consumption of power supply 14 and a part of the produced
power is directed to the power supply 14 to power the process.
[0069] The urine supplied to the anode compartment 4 via inlet 16 comprises ammonium ions (NH4

+) and organic
compounds (COD), such as acetate ions (CH3COO-). The bacteria of the bio-anode 6 will oxidize the acetate according
to the following reaction:

CH3COO- + 4H2O → 2HCO3
- + 9H+ + 8e-

[0070] For every mole of acetate eight moles of electrons are produced at the bio-anode 6.
[0071] The power supply 14 connected to these electrodes provides an additional driving force for the ammonium
transport from anode compartment 4 to the cathode compartment 8 (arrow A). Due to this added energy, higher current
densities are achieved, which lead to a high ammonium transport. At the cathode 10 protons (H+) are reduced to form
hydrogen (H2):

3H2O → H2 + 2OH- + H2O

[0072] Due to the proton consumption of the cathode 10, the pH of the cathode compartment 8 increases. This enables
the reaction of ammonium ions in the cathode compartment according to the reaction:

NH4
+ + OH- → NH3 + H2O

[0073] Therefore, the produced hydrogen and ammonia can be extracted from outlet 18 and fed to a modified fuel cell
22. The modified fuel cell can produce electricity from both hydrogen and ammonia. Alternatively, the modified fuel cell
is replaced by a solid oxide fuel cell (SOFC).
[0074] Bio-electrochemical system 102 (figure 2) comprises an anode compartment 104 with a bio-anode 106 and a
cathode compartment 108 with a cathode 110. Again, the anode compartment 104 and cathode compartment 108 are
separated by a cation exchange membrane 112. The anode 106 and cathode 110 are connected to a power supply 114.
Urine is provided to the anode compartment 104 through inlet 116. Ammonia (NH3) which is produced in the cathode
compartment 108 is extracted through outlet 118. Effluent from the anode compartment 104 is released periodically via
outlet 120.
[0075] The ammonia extracted via outlet 118 is fed to an ammonia fuel cell 122 to produce electricity. Again, the
energy produced exceeds the energy requirement of the power supply 114 and a part of the electricity can be used to
power the power supply 114. The cathode compartment 108 further comprises an inlet 121 for providing oxygen (O2)
to the fluid in the cathode compartment 108.
[0076] In the anode compartment 104 the same reactions take place as described with respect to figure 1. In the
cathode compartment the availability of oxygen (O2) enables a reaction at the cathode:

4H+ + O2 + 4e- → 2H2O

[0077] Therefore, substantially no hydrogen is produced and the outlet 118 of the cathode compartment 108 releases
predominantly ammonia.
[0078] The bio-electrochemical system 202 (figure 3) comprises an anode compartment 204 with a bio-anode 206, a
second compartment 208 comprising a cathode 210 and an additional anode 211. The cathode 210 and the additional
anode 211 are separated from the anode 206 by a cation exchange membrane 212. The anode 206, the cathode 210
and the additional anode 211 are connected to a power supply 214.
[0079] In this example, the voltage of the anode 206 and the additional anode 211 is substantially the same, since the
anode 206 and additional anode 211 are connected in parallel. It is noted that this need not be the case and the voltage
of the electrodes may be controlled individually according to the invention.
[0080] The anode compartment 204 comprises an inlet 216 for providing urine and the cathode compartment 208
comprises a first outlet 217 for releasing molecular nitrogen (N2) and a second outlet 218 for releasing hydrogen (H2).
Furthermore the anode compartment 204 comprises an outlet 220 for periodically releasing effluent fluid.
[0081] The reactions in the anode compartment 204 are the same as described above. In the second compartment
208 an additional reaction occurs due to the additional anode 211. At the additional anode 211 the ammonia (NH3) in
the compartment 208 is decomposed according to the following reaction:
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2NH3 → N2 + 6H+ + 6e-.

[0082] At the cathode protons are oxidized to form hydrogen. Therefore in compartment 208, molecular nitrogen is
formed at the additional anode 211 and hydrogen is formed at the cathode 210, such that outlet 217 substantially
comprises N2 (g) and outlet 218 substantially comprises H2 (g).
[0083] Bio-electrical system 302 (figure 4) shows as a similar arrangement as in figure 3. A difference between the
system of figure 3 and figure 4 is that in system 302 the second compartment 308 comprises an inlet 322 which is
connected to outlet 320 of the anode compartment 304 such that effluent from the anode compartment 304 is directed
into the second compartment 308. Preferably the fluid is fed periodically to the second compartment 308.
[0084] The effluent exiting the anode compartment 304 may still comprise some ammonia which can be further de-
composed by exposing it to the additional anode 311 in the second compartment 308.
[0085] In system 402 (figure 5), three compartments are provided: an anode compartment 404 comprising a bio-anode
406, a cathode compartment 408 comprising a cathode 410 and an additional compartment 409 comprising an additional
anode 411. The anode compartment 404 is separated from the additional compartment 409 by a cation exchange
membrane 412 and the additional anode compartment 409 is separated from the cathode compartment 408 by an anion
exchange membrane 413. Anode 406, anode 411 and cathode 410 are connected to power supply 414. Urine is provided
via inlet 416. Nitrogen (N2) is released via outlet 418.
[0086] The effluent from the anode compartment 404 is fed from the outlet 420 of the anode compartment 404 to the
inlet 422 of the additional compartment 409. Fluid can exit the additional compartment 409 via outlet 424. Furthermore,
the cathode compartment 408 comprises an inlet 421 for O2 supply.
[0087] In the cathode compartment oxygen (O2) and protons (H+) form water (H2O). Hydroxide ions (OH-) pass through
the anion exchange membrane 413 (arrow B). Therefore, no hydrogen is produced and all the ammonia in the urine is
decomposed into water and molecular nitrogen N2 (g), which exits via outlet 418.
[0088] Optionally, cathode compartment 408 comprises an outlet for surplus gas.
[0089] An experiment has been performed using system 202 of figure 3. The system was operated for three days on
real urine and produced 678.08 ml of gas, composed of 86% H2, 0.05% O2 and 6% N2. The graph of figure 6 shows
further results of the experiment. The potential of the anode and the cathode was measured relative to a Ag/AgCl
reference electrode. The graph shows a constant voltage level during the 3 days for both the anode (Eanode), graph 508,
as the system (Ecell), graph 500. The current, graph 502, dropped slightly during three days operation. The pH levels of
the anode, graph 506, and cathode, graph 504, are constant. Furthermore, ammonia was recovered in the experiment.
In a further experiment, the system was operated stably for more than 270 days.
[0090] In a further experiment, H2 and NH3 was produced using bio-electrochemical system 2 of figure 1. The exper-
iments were conducted using different types of membranes. The results are shown in the table below.

[0091] The first column of the table shows the membrane type: cation exchange membrane (CEM) (membrane 12)
or anion exchange membrane (AEM) (instead of membrane 12). The column further denotes whether synthetic waste-
water (s) or real wastewater (r) was used. In this case, the real wastewater was urine.
[0092] The second column shows the chemical oxygen demand (COD) of the fluid in mg/L. COD is a sum parameter
of the oxidizable compounds in the fluid.
[0093] The third column shows the current density (i) in A/m2.
[0094] The fourth column shows the Coulombic efficiency (η CE), which is the efficiency of conversion of COD to
electrons.
[0095] The fifth column shows the nitrogen removal from the influent as a percentage.
[0096] The last column shows the hydrogen efficiency (η H2), which is the efficiency of current to hydrogen gas.
[0097] It is noted that the use of a CEM is particularly advantageous for removing nitrogen from a fluid, as a high
removal is achieved at relatively low current densities, while at the same time providing a high hydrogen efficiency.
[0098] The method according the invention is advantageously combined with further treatment steps. For example,
the method according to the invention is combined with a Magnesium Ammonium Phopsphate (MAP) precipitation

Membrane type
COD in i η  CE N removal η H2

(mg/L) (A/m2) (%) (%) (%)

AEM (s) 475.7 28.27 95.78 1.88 94.0 6

CEM (s) 480.2 8.07 87.13 18.21 86.9

CEM (r) 700.8 15.74 99.5 32.6 86

CEM (r) 658 22.61 99.1 34.3 90.9
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process (figure 7).
[0099] Urine is supplied to a short term storage α, which enables hydrolysis of urea to form NH3. Furthermore, storage
α serves as a buffer to regulate the inflow to the system. From storage α the urine flows to a struvite reactor β, wherein
magnesium phosphate ammonium (MAP), MgNH4PO4.6H2O, is formed. For example, NH4

+, Mg2+ and PO4
3- react at

elevated pH to form MAP. The precipitated MAP is extracted, as indicated by the arrow P, and can for example be used
as a fertilizer. Therefore, in this first treatment step, both ammonium and phosphorus are removed from the fluid. However,
not all ammonium will be precipitated.
[0100] The supernatant effluent from reactor β is fed to reactor γ, in which the method according the invention is
applied. In this example, reactor γ corresponds to the system described in relation to figure 1, i.e. a bio-electrochemical
system for NH3/H2 production. However, instead of this system, any other system and method according to the invention
can be used for reactor γ.
[0101] The treated urine leaving reactor γ will be depleted from nitrogen, COD and phosphorus. The hydrogen /
ammonia mixture is fed to a solid oxide fuel cell (SOFC) δ. Also oxygen is supplied to fuel cell δ. Other types of fuel cells
may be used as well, in particular when a different method according to the invention is used in reactor γ.
[0102] Energy will be produced in system δ and the end products are N2 and H2O, which are harmless to the envi-
ronment.

Claims

1. Method for nitrogen recovery from an ammonium comprising fluid, comprising:

- providing an anode compartment (4) comprising an anode (6);
- providing a cathode compartment (8) comprising a cathode (10), wherein the compartments are separated by
at least one ion exchange membrane (12), and wherein a bio-electrode is provided as the anode, with the bio-
electrode comprising micro-organisms configured for catalyzing the reactions at the anode;
- providing the ammonium comprising fluid having an ammonium nitrogen concentration ≥ 0.5 g/l in the anode
compartment and a second fluid in the cathode compartment;
- applying a voltage between the anode and the cathode such that nitrogen recovery is achieved; and
- extracting nitrogen from the cathode compartment.

2. Method according to claim 1, comprising the step of providing the fluid in the cathode compartment with a pH above
7, preferably above 8, more preferably above 9, most preferably above 10.

3. Method according to claim 1 or 2, wherein extracting the nitrogen comprises extracting ammonia, the method further
comprising the step of feeding the ammonia to a fuel cell.

4. Method according to claim 1 or 2, wherein extracting the nitrogen comprises extracting molecular nitrogen, the
method further comprising the step of providing an additional anode.

5. Method according to claim 4, wherein providing an additional anode comprises providing the additional anode (211)
in the cathode compartment.

6. Method according to claim 4, further comprising the steps of:

- providing an additional compartment (409) between the anode compartment and the cathode compartment
and arranging the additional anode (411) in the additional compartment;
- separating the anode compartment from the additional compartment by a first ion exchange membrane; and
- separating the additional compartment from the cathode compartment by a second ion exchange membrane.

7. Method according to claim 4, 5 or 6, comprising the step of feeding fluid from the anode compartment to the
compartment comprising the additional anode.

8. Method according to any of the claims 1-7, comprising the step of supplying oxygen to the cathode compartment.

9. Method according to any of the claims 1-8, comprising providing a urine comprising fluid as ammonium comprising
fluid.
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10. Method according to any of the claims 1-9, comprising providing an ammonium comprising fluid having an ammonium
nitrogen concentration > 1 g/l, preferably > 5 g/l, and more preferably > 10 g/l.

Patentansprüche

1. Verfahren zur Stickstoffgewinnung aus einem Ammonium enthaltenen Fluid, das aufweist:

- Bereitstellen einer Anodenkammer (4), die eine Anode (6) aufweist;
- Bereitstellen einer Kathodenkammer (8), die eine Kathode (10) aufweist, wobei die Kammern durch wenigstens
eine Ionenaustauschmembran (12) getrennt sind und wobei eine Bioelektrode als die Anode bereitgestellt wird,
wobei die Bioelektrode Mikroorganismen aufweist, die konfiguriert ist, um die Reaktionen an der Anode zu
katalysieren;
- Bereitstellen des Ammoniums mit einer Ammoniumstickstoffkonzentration ≥ 0,5 g/l in der Anodenkammer und
eines zweiten Fluids in der Kathodenkammer;
- Anlegen einer Spannung zwischen der Anode und der Kathode, so dass die Stickstoffgewinnung erreicht wird;
und
- Extrahieren von Stickstoff aus der Kathodenkammer.

2. Verfahren nach Anspruch 1, das den Schritt der Bereitstellung des Fluids in der Kathodenkammer mit einem pH-
Wert über 7, vorzugsweise über 8, bevorzugter über 9, am bevorzugtesten über 10, aufweist.

3. Verfahren nach Anspruch 1 oder 2, wobei das Extrahieren des Stickstoffs das Extrahieren von Ammoniak aufweist,
wobei das Verfahren ferner den Schritt des Zuführens des Ammoniaks an eine Brennstoffzelle aufweist.

4. Verfahren nach Anspruch 1 oder 2, wobei das Extrahieren des Stickstoffs das Extrahieren von molekularem Stickstoff
aufweist, wobei das Verfahren ferner den Schritt des Bereitstellens einer zusätzlichen Anode aufweist.

5. Verfahren nach Anspruch 4, wobei das Bereitstellen einer zusätzlichen Anode das Bereitstellen der zusätzlichen
Anode (211) in der Kathodenkammer aufweist.

6. Verfahren nach Anspruch 4, das ferner die folgenden Schritte aufweist:

- Bereitstellen einer zusätzlichen Kammer (409) zwischen der Anodenkammer und der Kathodenkammer und
Anordnen der zusätzlichen Anode (411) in der zusätzlichen Kammer;
- Trennen der Anodenkammer von der zusätzlichen Kammer durch eine erste Ionenaustauschmembran; und
- Trennen der zusätzlichen Kammer von der Kathodenkammer durch eine zweite Ionenaustauschmembran.

7. Verfahren nach Anspruch 4, 5 oder 6, das den Schritt des Zuführens von Fluid von der Anodenkammer an die
Kammer aufweist, welche die zusätzliche Anode aufweist.

8. Verfahren nach einem der Ansprüche 1 - 7, das den Schritt des Zuführens von Sauerstoff an die Kathodenkammer
aufweist.

9. Verfahren nach einem der Ansprüche 1 - 8, das die Bereitstellung eines Urin enthaltenden Fluids als Ammonium
enthaltendes Fluid aufweist.

10. Verfahren nach einem der Ansprüche 1 - 9, das die Bereitstellung eines Ammonium enthaltenden Fluids mit einer
Ammoniumstickstoffkonzentration > 1 g/l, vorzugsweise > 5 g/l und bevorzugter > 10 g/l aufweist.

Revendications

1. Procédé de récupération d’azote à partir d’un fluide comprenant un ammonium, comprenant :

- la fourniture d’un compartiment anodique (4) comprenant une anode (6) ;
- la fourniture d’un compartiment cathodique (8) comprenant une cathode (10), dans lequel les compartiments
sont séparés par au moins une membrane échangeuse d’ions (12), et dans lequel une bio-électrode est fournie
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en tant qu’anode, la bio-électrode comprenant des micro-organismes configurés pour catalyser les réactions
au niveau de l’anode ;
- la fourniture du fluide comprenant un ammonium présentant une concentration en azote d’ammonium ≥ 0,5
g/l dans le compartiment anodique et d’un second fluide dans le compartiment cathodique ;
- l’application d’une tension entre l’anode et la cathode de façon qu’une récupération d’azote soit effectuée ; et
- l’extraction d’azote à partir du compartiment cathodique.

2. Procédé selon la revendication 1, comprenant l’étape de fourniture du fluide dans le compartiment cathodique avec
un pH supérieur à 7, de préférence supérieur à 8, de manière davantage préférée supérieur à 9, de manière préférée
entre toutes supérieur à 10.

3. Procédé selon la revendication 1 ou 2, dans lequel l’extraction de l’azote comprend l’extraction d’ammoniac, le
procédé comprenant en outre l’étape d’introduction de l’ammoniac dans une pile à combustible.

4. Procédé selon la revendication 1 ou 2, dans lequel l’extraction de l’azote comprend l’extraction d’azote moléculaire,
le procédé comprenant en outre l’étape de fourniture d’une anode supplémentaire.

5. Procédé selon la revendication 4, dans lequel la fourniture d’une anode supplémentaire comprend la fourniture de
l’anode supplémentaire (211) dans le compartiment cathodique.

6. Procédé selon la revendication 4, comprenant en outre les étapes suivantes :

- la fourniture d’un compartiment supplémentaire (409) entre le compartiment anodique et le compartiment
cathodique et l’agencement de l’anode supplémentaire (411) dans le compartiment supplémentaire ;
- la séparation entre le compartiment anodique et le compartiment supplémentaire par une première membrane
échangeuse d’ions ; et
- la séparation entre le compartiment supplémentaire et le compartiment cathodique par une seconde membrane
échangeuse d’ions.

7. Procédé selon la revendication 4, 5 ou 6, comprenant l’étape d’introduction d’un fluide provenant du compartiment
anodique dans le compartiment comprenant l’anode supplémentaire.

8. Procédé selon l’une quelconque des revendications 1 à 7, comprenant l’étape d’introduction d’oxygène dans le
compartiment cathodique.

9. Procédé selon l’une quelconque des revendications 1 à 8, comprenant la fourniture d’un fluide comprenant de l’urine
en tant que fluide comprenant un ammonium.

10. Procédé selon l’une quelconque des revendications 1 à 9, comprenant la fourniture d’un fluide comprenant un
ammonium présentant une concentration en azote d’ammonium > 1 g/l, de préférence > 5 g/l, et de manière da-
vantage préférée > 10 g/l.
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