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Summary
Human sewage can be an important source of macro-nutrients
for plants.  In the UK, over 100,000 hectares of agricultural
land are beneficially treated with sewage sludge per year.
However, in many countries in the Global South, this waste is
not captured and used, depriving the land of a sustainable
source of nutrients for plant growth.  Using Sierra Leone in
West Africa as an exemplar country, this paper details the
calculations and assumptions made to quantify the main plant
nutrients that can be potentially found in the biofertiliser
produced by treating human waste in an anaerobic digestion
system such as the FlexigesterTM system (Sustainable OneWorld
Technologies CIC).

Introduction
One method of producing biofertiliser is from the anaerobic
digestion (AD) of organic material.  This paper deals specifically
with human waste collected from pour-flush toilets.  The use
of human waste as a fertiliser for fields is not a new idea.  The
sludge from sewage treatment works has been used to fertilise
agricultural land in the UK for decades.  In 2007 in the UK,
over 100,000 hectares of agricultural land was treated with
sewage sludge (DEFRA website).  By contrast, in the Global
South, human sewage is seldom collected and rarely used as
fertiliser.

The calculations presented here are for the three primary
nutrients required by plants.  It is acknowledged that these
nutrients alone are not sufficient for healthy plant growth and
that there are many other factors which affect growth and
health of the crop, including water availability, seed variety,
pests and disease.  Plants also require additional secondary
nutrients (eg sulphur, magnesium and calcium) and a number

of other micro-nutrients, as well as carbon, hydrogen and
oxygen for growth.  Human waste contains micro-nutrients,
but they are not considered here as there is limited published
quantifiable data of their presence in sewage. 

SOWTech are involved with projects for the collection and
treatment of sewage in Sierra Leone, which have been chosen
to illustrate the potential of sewage as a form of biofertiliser.

The scale of the potential in Sierra
Leone
The human digestive system requires waste products to be
removed from the body in the form of urine and faeces.  In an
ideal world, all of this waste would be collected and treated.
The population of Sierra Leone, as estimated by the World
Bank (World Bank website), is over 6 million people.  This
equates to around 3.3 million tonnes of sewage per year.  At
the present time, it is unrealistic to use these figures due to
the problems associated with the collecting of such waste.  This
article focuses on three case study examples of the potential
benefits of such waste from the Flexigester projects in Sierra
Leone.  They include: Freetown, the country’s capital; Bombali
District, a rice growing area; and Makeni, the capital town of
Bombali and close to a rice mill.

The populations of these areas are given in Table 1 below.
Assumptions, based on the best available field data, have been
made as to the amount of waste produced per person per day
and the amount of macro-nutrients in such waste.  Details of
these assumptions are given later in this article.  The amount
of macro-nutrients that could be recovered if the sewage was
collected from various percentages of the population are given
in Table 2. 

Table 1.  Population statistics for areas of Sierra Leone
 
Population of Sierra Leone 6,000,000 
Population of Makeni 112,000 
Population of Bombali District 440,000 
Population of Freetown 773,000 



Table 2.  Potential nutrients available in t/year from exemplar areas of Sierra Leone from the sewage output from different 
percentages of the populations in those areas

 
Percentage of population tN/yr                        tP/yr tK/yr 

From Makeni    
 25% 128 15 36 
 50% 256 31 72 
 75% 383 46 107 
 100% 511 61 143 

From Bombali district    
 25% 502 60 141 
 50% 1004 120 281 
 75% 1506 181 42 
 100% 2008 241 562 

From Freetown    
 25% 882 106 247 
 50% 1763 212 494 
 75% 2645 317 741 
 100% 3527 423 988 
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As can be seen from Table 2, the quantity of plant nutrients
(fertiliser) that could be recovered from human sewage in
Sierra Leone is large enough to be significant.  For example,
the total quantity of nitrogen could be as much as 500 tonnes
per year for the Makeni district, from a population of 112,000.
However, it would clearly be difficult to achieve 100 percent
‘capture, treatment and reuse’ of the sewage.  So, for example,
if only 50 percent of the sewage was included, this would still
capture over 250 t/yr of N.  Table 2 illustrates what plant
nutrients would be captured for varying levels of sewage
capture. 

The potential financial value of human waste as fertiliser has
been documented in a paper by the Norwegian NGO, GRID-
Arendal (Caldwell & Rosemarin, 2008), part of the United
Nations Environment Programme.  Mauritania was used as an
example of the financial value of fertiliser in sewage.  The paper
states “In Mauritania, which has a population of about 3
million, the excreta from the entire population is worth
annually about EUR 25 million for the equivalent amount of
chemical fertilizer”. 

Nutrients in human waste
The volume of sewage produced per person per day varies
according to diet, but figures quoted in literature for Africa
range from 69 to over 500 g faeces, and around 1.2 litres of
urine per person per day (Aalbers, 1999; Caldwell & Rosemarin,
2008; Stanwell-Smith, 2002).

Equally, the amounts of nutrients in that sewage vary
according to diet, but an illustration of the amounts that could
be expected are given below (Caldwell & Rosemarin, 2008;
Esrey, 2001; Timmer & Visker, 1998).

In order to extrapolate these data to a population, it is
necessary to assume a single set of figures for waste arisings.
The data sources show a wide range of faeces arising: 69 - 520
g/person/day.  For the purpose of this article, a mid-range
assumption of 300 g/p/day has been used.  The figure for urine
generation is consistent between data sources, so a figure of
1.2 l/p/day (equivalent to 1.2 kg/p/d) has been used.  The
figures used in the per capita calculations are therefore
summarised in Table 4.

Table 3.  Macro-nutrients in human sewage in g per person per day taken from three different data sources
 

 N (g/p/d) P2O5 (g/p/d) K2O (g/p/d) 

Urine                          11.0         15-19                             1            2.5-5                            2.5          3-4.5
Faeces                         1.5            5-7                              0.5          3-5.4                              1           1-2.5
Urine         10.9          12.5                             1.4            1.5                              2.7            3.5
       + 
Faeces 

(Esrey,
2001)

(Timmer
& Visker,

1998)

(Vogeli
et al,
2014)

(Esrey,
2001)

(Timmer
& Visker,

1998)

(Vogeli
et al,
2014)

(Esrey,
2001)

(Timmer
& Visker,

1998)

(Vogeli
et al,
2014)
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Table 4.  Quantity of macro-nutrients excreted per person per year

Table 5.  Macro-nutrients captured anually by a Flexigester V10 from human waste from 50 persons

 
Amount of waste production 

Faeces 0.3 kg/p/d 
Urine 1.2 kg/p/d 
Faeces + Urine 1.5 kg/p/d 

Therefore in one year each person will 
produce 
Faeces + Urine 548 kg 
containing 4.6 kg N 
 0.5 kg P 
 1.3 kg K 

 
A Flexigester V10 will therefore output: 228 kg of N/year 

 raey/P fo gk 72 
 raey/K fo gk 46 

% nutrient value in digestate 0.31% N 
P %40.0 2O5 
K %90.0 2O 

These figures are in close agreement with those published by
Caldwell & Rosemarin (2008) which state that “Humans
produce roughly 500 litres of urine and 50 litres of faeces per
person per year.  These contain about 4 kg of nitrogen, 0.5 kg
of phosphorous and 1 kg of potassium”.

Treating sewage by anaerobic 
digestion in a Flexigester
The process of anaerobic digestion (AD) will decompose
sewage and render it suitable for reuse as a fertiliser.  The
Flexigester V10 (Sustainable OneWorld Technologies CIC) is
an example of a modest scale AD system, designed to be
connected to pour-flush toilets and capture all waste from
those toilets.  Water at approximately 2.5 l/day is needed to
flush the waste away from the toilet.  Although, this can be
grey water, (including from cooking etc) and will contain
additional nutrients, clean water has been used for the
following calculations.  So the total input to the Flexigester will
be 1.5 kg of excrement and 2.5 kg of flush water, making a total
of 4 kg input per person per day.

The breakdown of sewage in a digester requires time, which is
dependent on factors such as temperature.  A Flexigester V10,
with a nominal capacity of 10 m3 (10,000 kg of waste), being
used by 50 people each day in a subtropical climate without
additional heating, would have an annual input of 73,000 kg
of waste, including flush water, and a retention time of around
50 days for the waste.

During the process of anaerobic digestion, biogas is produced
and removed, but this has an insignificant effect on the volume
of material in the digester or the annual output of 73,000 kg
of digestate or biofertiliser, which is equivalent to the input.
Table 5 shows the nutrient content of this biofertiliser captured

and recycled in a year for a Flexigester V10 system treating
waste from 50 persons.

How the process of AD affects the 
capture and form of plant nutrients
Sewage left untreated and exposed will lose nitrogen due to the
loss of volatile ammonia, however, the gas tight Flexigester means
that all the potential nitrogen is captured, although the form of
nitrogen changes during the AD process.  In fresh excreta, 75
percent of the nitrogen is in the form of organic macromolecules
and 25 percent as available ammonium compounds.  During
anaerobic digestion, the organic macromolecules are broken
down to give more ammoniacal nitrogen, which can be readily
used by the plants (Vögeli et al, 2014).

The plant-available form of phosphate (P2O5) is around 50
percent of the total phosphorus content and it is not adversely
affected through losses or conversion by the AD process (Vögeli
et al, 2014).  Plant-available potassium (K2O) is also unaffected
by anaerobic digestion.  It is estimated that 75-100 percent of
the total potassium would be available to plants (Vögeli et al,
2014). 

Discussion and Conclusion
Human waste can be a rich source of macro-nutrients for plant
growth.  However, it should be noted that around 70 percent
of the nutrients are found in the urine fraction compared to
faeces.  For the highest levels of nutrient recovery, the use of
latrines is important to capture as much as possible of urine
produced.

This paper illustrates the significant scope of the potential for
sewage-derived fertiliser, but the figures quoted can only be
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indicative due to the variability of the source data.
Nevertheless, reference to third party assessments show our
projections are in line with other similar studies.  The AD
process can be a key tool in the capture, treatment and reuse
of human sewage making it possible to utilise the fertiliser
potential of this abundant and under-utilised resource.  The
Flexigester system is one example of how this can be achieved
in hot low-income countries.  

References

Aalbers H, 1999. Resource recovery from faecal sludge using constructed
wetlands. UWEP working document, WASTE Netherlands. 

Caldwell L, Rosemarin A, 2008. Human urine and faeces as a fertilizer,
Stockholm Environment Institute, [http://www.grida.no/publications/et/ep5/
page/2823.aspx]. Accessed 10 July 2015.

Defra website. Long term sewage sludge experiments, Frequently Asked
Questions. [http://randd.defra.gov.uk/Document.aspx?Document=SP0130_64
22_INF.pdf]. Accessed 10 July 2015.

Esrey S, 2001. Towards a recycling society. Ecological sanitation - closing the
loop to food security. Proceedings of the International Symposium Ecosan -
closing the loop in wastewater management and sanitation, 30–31 October
2000, Bonn, Germany: Deutsche Gesellschaft fur Technische Zusammenarbeit
(GTZ), 34-44.

Stanwell-Smith R, 2002. Sanitation: controlling the problems at source.
Prepared for WHO Water, Sanitation and Health Programme,
[http://www.who.int/water_sanitation_health/ sanitproblems/en/index1.html].
Accessed 10 July 2015.

Timmer L, Visker C, 1998. Possibilities and impossibilities of the use of human
excreta as fertilizer in agriculture in sub-Sahara Africa. A literature review.
[http://www.ircwash.org/ sites/default/files/352.2-98PO-16640.pdf]. Accessed
10 July 2015.

Vögeli Y, Lohri CR, Gallardo A, Diener S, Zurbrügg C, 2014. Anaerobic
digestion of biowaste in developing countries: practical information and case
studies, Swiss Federal Institute of Aquatic Science and Technology (Eawag),
Dübendorf, Switzerland.

World Bank website. [http://data.worldbank.org/country/sierra-leone].
Accessed 10 July 2015.



<<
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /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 true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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


