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Abstract

A process to recover nutrients from human urine was tested at the Institute of Environmental
Engineering (ISA) of RWTH Aachen University. Before testing the recovery process the urine was
stored and the decomposition processes during this period were observed. Throughout the storage
the pH value and the concentration of ammonia nitrogen increased, the concentration of phosphate
phosphorus decreased. These variances can be speed up by addition of urease. The recovery
process - so-called NuReBas-process — consists of a phosphorus recovery process followed by a
nitrogen recovery process. The phosphorus recovery step is easy to handle and approx. 99% of the
load of phosphate phosphorus were eliminated and transferred into the product. Analysing the
product indicators for struvite could be identified. The final step of the process is the stripping of
the remaining ammonia-nitrogen by air followed by a gas scrubber.
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INTRODUCTION

At the Institute of Environmental Engineering (ISA) of RWTH Aachen University several research
and development projects concerning the field of nutrient recovery have been carried out. In the
context of these projects the decomposition processes during the storage of human urine were
observed and a process to recover phosphorus and nitrogen from the stored urine was tested. The
phosphorus recovery is based on struvite crystallization and the nitrogen recovery on the well-
known stripping process. Precondition for nutrient recovery is the use of no-mix-toilets separating
urine and faeces. These toilets have been integrated in some new settlements in Germany provided
with ecological sanitary systems.

DESCRIPTION OF THE PROCESSES AND RESULTS

Decomposition processes during storage of human urine

The major plant nutrients nitrogen and phosphorus are found in the human excreta and thus in do-
mestic wastewater. The content of them vary depending on the eating habits.

Using no-mix-toilets there are two effluents: urine and faeces. Regarding the nutrients the following
allocation (table 1) was noticed:

Table 1:  Allocation of nutrients in human urine and faeces (SCHONNING, 2007)

urine faeces

phosphorus > 55% <45%

nitrogen > 80% <20%
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At most of the places using no-mix-toilets the urine is stored before it will be treated. The composi-
tion of fresh human urine and stored urine is shown in table 2. The data of the stored urine are taken
from literature and from experiments carried out at the Institute of Environmental Engineering
(ISA) of RWTH Aachen University.

Table 2:  Composition of fresh and stored human urine from different places
fresh urine stored urine - stored urine - stored urine - stored urine -
workplace CH | residential area S | residential area S | residential area D
pH value [-1 6.2 9.1 9.1 9.2-93 9.15
COD [mg/ L] 12,000 10,000 n.i. 2,200 - 2,800 n.i
nitrogen [mg/ L] 9,200 9,200 3,631 n.i. 9,000
phosphorus [mg/ L] 1,000 540 313 170 - 240 344
sulphur [mg/ L] 1,000 n.i. 331 n.i. 314
calcium [mg/ L] 170 0 18 n.i. 13
magnesium [mg/ L] 100 0 11 n.i. 1.9
sodium [mg/ L] 4,200 2,600 1,210 n.i. 2,510
potassium [mg/ L] 2,200 2,200 1,000 n.i. 1,200
chlorine [mg/ L] 3,800 3,800 1,768 n.i. n.i.
experiments at the
CTAGHEY | MARERtl | NSNS | o |
Engineering (ISA)
legend: COD = chemical oxygen demand; n.i. = no information

For the experiments carried out at the Institute of Environmental Engineering (ISA) the human
urine was collected and stored in tanks with a volume of 1,000 litres. After collection the fresh urine
showed a pH value of 6.5, the concentration of ammonium nitrogen was 190 mg NH4-N/L and that
of phosphate phosphorus was 164 mg PO4-P/L. During the storage these three parameters altered
because of decomposition processes. The pH value and the concentration of ammonium nitrogen
increased. But the concentration of phosphate phosphorus decreased a little. Literature describes
that the addition of urease assists to speed up these changes. In the following three figures (figure 1,
figure 2, and figure 3) those three mentioned parameters are presented, which were analysed in the
human urine over a period of 246 days.
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Figure 1: Variances of the pH value during the storage of human urine
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After the addition of urease the pH value increases from 6.5 up to 8.8 within 10 days of storage.
Without the aid of urease the urine shows a final pH value of 9.2. To achieve this value it takes

approx. 40 days.
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Figure 2: Variances of the phosphate phosphorus concentration during the storage of human urine

At the beginning of the storage the concentration of phosphate phosphorus was 164 mg PO4-P/L.
The concentration decreases to approx. 110 mg PO4-P/L because of the increasing pH value and the
succeeding processes of precipitation. After this decrease the concentration was nearly constant.
Without the aid of urease it takes approx. 30 days to achieve this level, with the aid of urease it
takes only ten days.
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Figure 3: Variances of the ammonium nitrogen concentration during the storage of human urine

Because of decomposition processes the concentration of ammonium nitrogen increases from
190 mg NH4-N/L to approx. 3,500 mg NH4-N/L towards the end of storage. This concentration is
the final one, there are no variances after achieving. Also the same temporal phenomenon can be
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identified. To achieve this constant concentration of ammonium nitrogen it takes 40 days without
the aid of urease and only 25 days with the aid of urease.

It can be stated that the addition of urease only speeds up the variances of the three observed para-
meters and the total values of pH and of the nutrient concentrations are not dependent on this.

Urine of a healthy human is amicrobic. Microorganisms are only present in urine of sick humans.
Storage significantly lowers the number of microorganisms in urine (table 3).

Table 3:  Storage time for 90 % reduction of selected microorganisms in human urine (pH = 9)

(SCHONNING, 2007)

time [d] for 90 % reduction of
ram-negative ram-positive Cryptosporidium Salmonella
g bac tefia g baclt)eria P ar‘\)'um Rhesus rotavirus typhimurium
P (phage 28B)
urine storage at 4 °C 1 30 29 172 1,466
urine storage at 20 °C 1 5 5 35 71

The findings in table 3 show that more than 90 % of bacteria, protozoa and viruses are eliminated
after eleven-week storage at a temperature of 20 °C (SCHONNING, 2007). A storage at lower tem-
perature leads to longer storage time. Storage at a temperature of 4 °C needs 210 weeks for an
elimination rate of 90 % (SCHONNING, 2007). Reason for this phenomenon is that the dissociation
balance is moved in favour of ammonia nitrogen at higher temperatures. Thus, the microorganisms
are killed not only by the high pH value (pH =9) but also by the high concentration of ammonia
nitrogen.

Most of the administered pharmaceuticals are used only to a minor part by the human body. The
overplus of pharmaceuticals and of pharmaceutical residues respectively is excreted with the urine.
At present experiments on the decomposition of active pharmaceutical ingredients during the
storage of the urine are carried out. In table 4 the elimination rate of Erythtromycin, which is an
often used antibiotic for the treatment of different bacterial infections, is exemplified.

Table 4:  Elimination rate of Erythtromycin

concentration of Erythtromycin [pg/ L]

stored urine

fresh urine
5 weeks at 4°C

O,
5 weeks at 4°C + 3 weeks at 20°C

sample 1 1.9 1.7 0.9

sample 2 1.2 1.0 0.6

Regarding the decomposition rate of Erythtromycin it can be stated that the basic conditions must
be analogue to them of the elimination of microorganisms. By storage at a temperature of 20 °C the
concentration of “Erythtromycin” in the urine can be lowered significantly.
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Nutrient recovery process from human urine

For the treatment of human urine a wide variety of technologies can be used. MAURER et al.
(2006) defined seven main purposes of a treatment unit: hygienisation, volume reduction, stabilisa-
tion, phosphorus recovery, nitrogen recovery, biological nutrient removal and removal of micro-
pollutants. Table 5 gives an overview of the currently known urine treatment processes. In addition,
the processes are discussed concerning their efficiencies for phosphorus and nitrogen recovery.

Table 5:  Overview of the urine treatment processes (MAURER at al., 2006, modified)
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As seen in table 5 the volume reduction processes and struvite precipitation show a strong effect on
phosphorus and nitrogen recovery.

Based on these results the NuReBas-process (NuReBas = nutrient recovery with bag filtration sys-
tems; DE 102006043246.0) for urine treatment was developed at the Institute of Environmental
Engineering (ISA) at RWTH Aachen University. As shown in figure 4 the NuReBas-process con-
sists of a phosphorus recovery process (struvite crystallization) and a nitrogen recovery process
(ammonia nitrogen stripping). The phosphorus recovery process is made up of a collecting tank and
a bag filter housings and is being tested in pilot-scale experiments. The nitrogen recovery process is
made up of a stripping tank and a gas scrubber. Between both processes an intermediate tank is
interposed.
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Figure 4: Flow chart of the NuReBas-process (DE 102006043246.0)
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The collection tank has a volume of 200 litres. The bag filter housings is made of stainless steel and
can operate with a pressure up to 800 kPA and a flow rate up to 35 m’/h. The filtration surface is
0.5 m”. The bag filter is made of nylon texture with a pore size of 50 pm.

The urine which was used to test the NuReBas-process has been stored for nearly eight months.
Thus the urine shows a pH value of approx. 9. This pH value supports the recovery process because
the recovery of phosphorus by struvite crystallization works ideal at pH values between 9.0 and 9.5.
The chemical reaction of the struvite crystallization is:

Mg*" + NH*" + PO, + 6 H,O — MgNH,PO, * 6 H,0

To accomplish the chemical reaction magnesium is added as a precipitant in form of magnesium
oxide powder or magnesium chloride. For each experiment the collecting tank was filled with
180 litres of human urine. The urine was circulated through the bag filter housings using a rotary
pump. The special feature of the process is that the used magnesium compound is added directly in
the bag filter. The mass of the added magnesium compound is dependent on the phosphate
phosphorus concentration in the urine. A molar ratio of Mg/ P =2/ 1 has been used.

The results of four experiments are shown in table 6.

Table 6:  Phosphorus recovery process - results of four experiments

recipitant influent effluent recovery rate
precipl i after 120 minutes very
dosage with | pH value PO,-P NH,-N PO,-P NH,-N PO,-P NH,-N
type molar ratio
Mg:P -l mg/L] | [mg/L] | [mg/L] | [mgL| [%] [%]
experiment 1 MgO 2:1 9.01 396 4,700 3.10 4,233 99.22 9.94
experiment 2 MgCl, 2:1 9.06 361 4,208 2.20 3,904 99.39 7.22
experiment 3 MgO 2:1 9.16 933 4,181 0.55 3,668 99.94 12.27
experiment 4 MgO 1,5:1 9.16 933 4,181 0.41 4,040 99.96 3.37

In all four experiments the recovery rate of phosphate phosphorus was approx. 99 % and of ammo-
nium nitrogen between 3 and 12 %. Nearly the complete phosphate phosphorus load was tranferred
into the product struvite. Reason for the low recovery rate of ammonium nitrogen is that the
compound ratio in struvite is Mg : NHs : POs=1:1:1 and thus ammonium nitrogen abounds in
urine.

In figure 5 the variances of the phosphate phosphorus and ammonium nitrogen concentration of
experiment 1 and 3 subject to the time of filtration are exemplified.
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Figure 5: Result of experiment 1 and 3 - POy-P concentration and NH 4N concentration subject to
the time of filtration

Within 60 minutes the PO4-P concentration in the urine highly decreased, which complies with a
recovery rate of approx. 90 %. After 120 minutes 99 % of the phosphate phosphorus load was re-
covered and thus transferred into the product. Evaluating the product a microscopic picture was
made (figure 6).

Figure 6: Microscopic picture of the product (400-times magnified)

The struvite crystal has two main forms. One of the forms resembles a coffin lid and the other form
is shaped like the letter “X”. Typical struvite crystals — the “x”-form — can be identified in figure 6,
which is an indicator, that the process recovers phosphorus based on struvite crystallization.

The final step of the NuReBas-process is the stripping of the remaining ammonium nitrogen by air
followed by a gas scrubber. At present experiments on this stripping process are carried out and will
be tested in pilot-scale experiments. The pilot plant is made up of a stripping tank and a gas
scrubber.

After the phosphorus recovery process the urine will be discharged into the stripping tank and
heated up to approx. 60°C. At this temperature the urine will be stirred up and stripped by air injec-
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tion. Because of these conditions the ammonium nitrogen of the human urine will react and pass
over into the gas phase as ammonia gas.

The ammonia enriched air will be discharged into the gas scrubber which is filled with high
concentrated sulphuric acid (approx. pH of 1). The sulphuric acid reacts with the ammonia enriched
air and forms ammonium sulphate. The capacity of the gas scrubber will be monitored by measur-
ing by the pH value, because the described reaction leads to an increase of the pH value. Achieving
a pH value of approx. 6 the sulphuric acid has to be replaced.

CONCLUSIONS

The described NuReBas-process is a process for nutrient recovery from human urine. One impor-
tant advantage of this process is that it is composed of ready-made components and thus it can be
adapted to the points of use (size, flow rate etc.).

The phosphorus recovery process based on struvite crystallization is easy to handle and needs only
marginal consumption of additives. The most important additive is the magnesium compound. The
bag filter can be cleaned and thus it can be used several times. Producing struvite has two main
advantages. The first advantage is that struvite can directly be used as a fertiliser and the second that
the crystallization of struvite avoids widely the integration of harmful substances.

The nitrogen recovery process is based on ammonia nitrogen stripping which is a well-known and
approved technique. The product of the stripping process — ammonium sulphate — is also valuable,
because it is a raw material of the fertilizer industry.

REFERENCES

CIBA GEIGY (1977): Wissenschaftliche Tabellen Geigy. Teilband Korperfliissigkeiten, 8. Edition, Basel, 1977

EK, M.; BERGSTROM, R.; BIURHEM, J.-E. BIORLENIUS, B.; HELLSTROM, D. (2006): Concentration of nutrients
from urine and reject water from anaerobically digested sludge. Water Science & Technology, Vol. 54, No. 11-12,
pp. 437-444, 2006

JONSSON, H.; STENSTROM, T.-A.; SVENSSON, J.; SUNDIN, A. (1997): Source separated urine-nutrient and heavy
metal content, water saving and faecal contamination. Water Science & Technology, Vol. 35, No. 9, pp. 145-152,
1997

SCHONNING, C. (2007): Urine diversion — hygienic risks and microbial guidelines for reuse. WHO World Health
Organization, URL: http://www.who.int (24.01.2007)

MAURER, M.; PRONK, W.; LARSEN, T.A. (2006): Treatment processes for source-separated urine. Water research
40 (2006) 3151-3166




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


