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Novel anaerobic digestion for simultaneous methane production and ammonia
removal
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In anaerobic digestion of food waste and manure, ammonia accumulates in the
digester and inhibits microorganisms. In this study, a novel anaerobic digestion process was
developed to remove ammonia in the digester "without inhibiting methanogenic microorganisms".
Stripping of CO2-free biogas removed the dissolved CO2 and create a high pH environment, resulted in

ammonia volatilization. Immediately after the stripping, the digester pH is quickly lowered by
re-dissolving the removed C02. This process was shown to reduce ammonia in the digester and maintain
the methanogenic activity of the microorganisms by shortening the duration of the high pH
environment that inhibits anaerobic digestion microorganisms.
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AU REETEMERENES - NAFTHRIELTIRIILX—ERTI2EYPNETOEITHY.
BREMSOERICET IHEMELTRECHFLAFTELATNS, BREEVOREE. TKE
BLGEDRHIBERZEEIIEFIT L. EREZRODNENTHAIT U EZTHREEEAIC
2000 mg/L U LD EEEICERBLTAIVKEEHRET D, TDH. TOE_TREREMTOEILIN
AORBTOCADEMERICEELRETHD. TVETIETILAVEEH T THEMSE T
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AT, PoEZT7HERLOCTLEEBGSCLUL) DEBEAIVRBEICENTREBEANTRRN)
YEVTBRETHTAERDOEKICHRYAL, pH ZHMEMHIREEZZ TV REECEVERIZTE
LMEIZTAIENEZONDD, ERHDE pH RENAZD REMEYICRIZTTHZEIIETHET
FEREHAINTOEN AR, ToE=TE2REBEANT AV EBMEMERSTET AN Y
EVTBRETIHBRAIVEKBETOCREMRRARE Lz BBEAIVRBICEVTAZUREREMO
HELBREDIAAZIVTEFIETHILICKY ., REEBRNEZERHILZTE pH REBICLTEBERND 7
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FEFRELTIE, — RS EAIREORESME (55C) TH 100 BREBIZEL. AFERHNR
FLEAPURKEEEREFERALE, A% 300mL OAEEORLEERTH4—% . FTUEZT
ARMJYEDGIBE VAR REBEOREBRICERALz, 7VoEZT7AN)YEV S WNE(XAR PTFE /N
T3—oBERNAAHREBIBLTRRAL, BREBEEMFT 5260 BE/N\(FTHRIEIT7—E
—A—T 60 CIZIELTBRALT =, BRI DERE CO:ZBRELTERE pH 2 LRESETTUE=TE
BRERIELO.COENMBRELIN\ATHREBRTHIEELTZ. RADDAIVEETLE/IN(L
HARAEMADE AU REBMEYMDAZ EBREEE AR M T SRIEEENAH D=0 KAAETIEE
FHREEENAATRAELTHERL:z, BEN\AFHRADOBREE (L 3 L-No/L-55/min £LT=,

[ZLOIZ. 55C D AP FEEERICAEER (120 min) D7V EZF7ARNIE LS MIBEETHELN. 7
VEZTREDRLGOVICAIVEBMENNDEEERA -, TVE=ZTAN)YEV T WBEZD
BIRICEERRE T (FvY7—F) 2 g-COD/L #HBELTHEMLTRIS A2 HERBREERLIz, K
WC.7VEZT7HBRELEIT A9 RBETOERIZE TAT7UEZTFRAMNYEL T NEBO#EYRL
DA EMEICRIZTHELZHALNCT 516, BEEHT(FyI7—R)% 1 B 1 BA (BE#Y
BRHEE 2 g-VS/L/day) 9538 A2 REERER CEFIRF M 30 B)2EEL-, S REDTY
EZTICH T RAREBMEYDOFZELZ T 5012, BERETICRBAKRTVEZILBEE
Mz, BREEMIZFDREEZEMSE-, 7VEZT7ANIVEL S 1% 10 BIZ 1 BIERELT-. EEH
IZHEERLT=5 RS A S DNA £t LT 16S rRNA $48iB D2 K% PCR [C&YEIEL, F/R7—
o —MIinlON #FAWNTAR U REEICEA ST HEEDE L &L=,

4. HEKR

FUOEZTERE 1254 mg-N/IL OEBAIVREFBRICTOEZFTAN)YEL T NMBEEELI-§E
B B7E CO2 MEREIZHEL pH AFEOMNZ 95 FTLERELTEETVEZ7DEIAIEKL. 5
FOTUEZTH 120 min DEFRBR T 43%BRESNDEFHLMN LIz, TUEZTRAMIVEY
SIBEDERIETILVAIEIZEZ =6 EONHMEYMDEE pH &HE (pH7-8) IZRTREAH
%, Z_T.BREIODELI- CO:%FRZETHIEFHEELT, AMNJYEV T AIBERIZ CO2 H A%t
#ALT pH7.5 ICBARLTEBEITORD A2 RBEERES A=, BBV EREITENE
X ELEELT 24% B WMEZTRL, AU HEHIMEHESNDIZENBHLI G-, BT E=TIZLD
HEEZEIZDETHETHRESNTOEN, WTHEAZ REMEYIAKRE~H+ELORR
BIChiz> Tl 7V E=TFICRBINGITIGE DR THS, —ATEAHAEDOREMNS. & pH
RE(=gEM7 E=7RERE) NEBRTOHNIE. ToEZTANIVEVTIZKYFBENSTY
ETENENICRRETEHEELIC, AU RBMAEMIIEEEZ TRV ENBELIEL ST, A
MANDEENBNESNIER T EZTREX, ARNJYEV T RBIZKY—FBICRABIZERTS
M. AMIYEL T MBOERIZ CO &FERICIRE RESE R EIZEYDHTH 10-15 min TEOH
2 pH ZIETSETERRADTUVE=TEZHF DB TUERZDLAAVICTHIENTELZEND
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MSEATEICKY BT U E_TREZETIEAIEAZEELTWVEN, PUoEZTFAMN)YELS T
FREMLBRESINT: CO ZBIRMICEIRLTTUVEZ7RERITERISRET HIET, AMUHEE
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RREEFAR)VE LS ALIR% 1 B TERIELT=, 10 BEIZ(X 60 min DRAR)YE S NEBERAF-MT
VEZTRERIL 18%EEL, MIBEENF+HTHHIEN TR SN, 20 BRIZIFAMN)YELS
WEEFE 120 min EMELIECATUEZTIE I3%BESI T, #BETE=7EEAD 500-1500 mg-
NIL U EISETBEAIVERDEESNSZENLITHETHRESN TS B, KRAETIHERHT
VEZTREIFZ—EMIZ 1500 mg-N/L ZBBLIIZEMIH ST, AU RENERELEN=0I1F,
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Nz, —A.30 BEMENSAIVEFDETHERIN, CNIIMEYEEET HEEDTES
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Fig. 1. Effect of repeated short ammonia stripping on fed-batch anaerobic digestion process. A)
Daily methane production rate. B) pH. C) total ammonia nitrogen (TAN). D) free ammonia nitrogen
(FAN). Arrows on the figures show the time ammonia stripping was applied.
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Fig. 2. Bacterial community succession (genus level, maximum relative abundance 1% or larger).
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