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•• ContaminationContamination soilsoil and and groundground waterwater

•• ContaminationContamination surfacesurface waterwater

•• EmissionEmission of green house of green house gassesgasses (carbon (carbon 

dioxide and dioxide and methanemethane))

•• EmissionEmission of ammonia gas (of ammonia gas (acidificationacidification))

•• OdourOdour emissionemission

Main environmental problems

caused by pig manure
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Pig manure on Cyprus
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•• Total  swine manure  70,000 mTotal  swine manure  70,000 m33/year,/year,

•• 2 settling pond (4,000 m2 settling pond (4,000 m33))

•• Sludge cleaning every  year  Sludge cleaning every  year  –– 4,000 m4,000 m33

Sludge cleaning (KIBUTZ LAHAV-Israel)
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ToTo developdevelop and test a and test a workingworking prototype prototype 

of a of a digesterdigester + water + water treatmenttreatment plant:plant:

•• RemovalRemoval of of organicorganic matter (matter (anaerobicanaerobic
digestdigestionion))

•• P P precipitationprecipitation as as struvitestruvite and and biofibersbiofibers

•• N remN removal by partial ammonia oxidation oval by partial ammonia oxidation 
process and process and anammoxanammox processprocess

Main objective
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ProcessProcess flowflow chartchart
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FlowFlow sheetsheet suggestionsuggestion
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DTUDTU’’s s activitiesactivities::

•• CodigestionCodigestion ofof manuremanure togethertogether withwith animalanimal

byproductsbyproducts

•• UltrafiltrationUltrafiltration ofof centrifugatecentrifugate

•• P P removalremoval by by struvitestruvite precipitationprecipitation

•• N N removalremoval by by anammoxanammox processprocess
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HegndalHegndal biogas plantbiogas plant

Reactor Decanter Centrifuge Ultra filter
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FoamingFoaming 12 12 hourshours afterafter initiation initiation ofof the filtration, the filtration, 

membranemembrane cloggingclogging afterafter 3 3 daysdays ofof operationoperation



Institute of Environment & Resources

Technical University of Denmark

Conclusions for the membrane filtration stepConclusions for the membrane filtration step

•• UltrafiltrationUltrafiltration not feasiblenot feasible

•• Problem: We need to reduce the COD Problem: We need to reduce the COD 

content of the effluent before it enters the content of the effluent before it enters the 

ANAMMOX process.ANAMMOX process.

•• Solution: Post digestion in UASB reactor.Solution: Post digestion in UASB reactor.
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Revised process schemeRevised process scheme
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Post digestion in UASB Post digestion in UASB reactorsreactors
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Reactor Volume: 350 ml

HRT: 96 hours

Temperature: 55oC
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COD COD removal:UASBremoval:UASB experimentsexperiments

ANPHOS effluent from centrifuged 

digested manure was used as influent
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COD COD removalremoval: : conclusionsconclusions

•• 6565--70 % 70 % ofof thethe organicorganic matter in matter in thethe centrifugedcentrifuged
digesteddigested manuremanure waswas anaerobicallyanaerobically degradabledegradable..

•• DegradableDegradable COD COD removalremoval efficiencyefficiency waswas aroundaround
7070÷÷80 %.80 %.

•• AlmostAlmost nono removalremoval ofof ammoniaammonia and and phosphatesphosphates
werewere noticednoticed..
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Anaerobic phosphorus removalAnaerobic phosphorus removal
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P removal as struvite (ANPHOS)



Institute of Environment & Resources

Technical University of Denmark

ANPHOS: ANPHOS: conclusionsconclusions

•• High phosphate removal (95%)High phosphate removal (95%)

•• Ammonia removal (6 Ammonia removal (6 -- 7 %) was both due to 7 %) was both due to 

struvitestruvite formation, but also to ammonia strippingformation, but also to ammonia stripping
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ANAMMOX: Batch ANAMMOX: Batch experimentsexperiments

SubstrateSubstrate: : 

SyntheticSynthetic wastewaterwastewater

containingcontaining NHNH44
++, NO, NO22

--

NONO33
-- ,,,,POPO44

--33,HCO,HCO33
--

InoculumInoculum: OLAND : OLAND sludgesludge

((GhentGhent UniversityUniversity))

114 114 mLmL serum serum vialsvials
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UASB UASB reactorreactor experimentsexperiments

Start Start –– upup : : syntheticsynthetic

wastewaterwastewater containingcontaining NHNH44
++, , 

NONO22
--

NONO33
-- ,,,,POPO44

--33,HCO,HCO33
--

Total volume=200 Total volume=200 mLmL

HRT= 2,2 HRT= 2,2 daysdays

AnammoxAnammox bacteriabacteria: : granulesgranules: : 
wastewaterwastewater =1:1:1=1:1:1
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PartialPartial aerationaeration: an approach for : an approach for improvingimproving

AnammoxAnammox processprocess performanceperformance
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Aeration of anaerobically digested pig manure in order to reduce as 

much as possible the residual biodegradable organic matter

Set-up: A mixture of 20 % of activated/nitrifying sludge and an 80% of 

digested pig manure, were aerated with an air pump during 24 hours. 
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AmmoniaAmmonia removalremoval
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RemovalRemoval ofof ammoniaammonia at at differentdifferent steps steps testedtested

UpUp to 100to 100ANAMMOXANAMMOX

6 6 ÷÷ 77ANPHOSANPHOS

0 0 ÷÷ 44UASBUASB

NHNH44
++ removalremoval (%)(%)StepStep
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ANAMMOX: ANAMMOX: conclusionsconclusions

•• Mass balance of the batch test showed that Mass balance of the batch test showed that 
ANAMMOX plus nitrification and ANAMMOX plus nitrification and 
denitrificationdenitrification were taking place. were taking place. 

•• Reactor experiments gave indication that Reactor experiments gave indication that 
the ANAMMOX bacteria were the ANAMMOX bacteria were immobilisedimmobilised in in 
the granules.the granules.

•• 100% ammonia removal was achieved100% ammonia removal was achieved
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Final process scheme suggestionFinal process scheme suggestion
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RemovalRemoval ofof COD, POCOD, PO44 and and solublesoluble N (NHN (NH44, , 

NONO2+NO+NO3)3)


