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Assessment of Optimum Hydraulic Retention Time (HRT) for Maximum
Biogas Production and Total Volatile Solid (TVS) Removal Efficiency of Semi-
Continuously Fed and Mixed Reactor (SCFMR) Fed with Dairy Cow Manure
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Abstract : This study was carried out to evaluate the optimum operational condition of Semi-continuously Fed and Mixed Reactor
(SCFMR) to treat the dairy cow manure and saw dust mixture. Step-wise increase in organic loading rates (OLRs) or decrease in
hydraulic retention times (HRTs) were utilized until the biogas volume became significantly decreased at mesophilic temperature
(35C). The optimum operating condition of the SCFMR fed with TS 13% dairy cow manure and saw dust mixture was found to
be an HRTs of 25 days and its corresponding OLRs of 4.45 kg VS/m3-day. At this condition the biogas and methane production rates
were 1.44 v/v-d and 1.12 v/v-d (volume of biogas per volume of reactor per day), respectively and the TVS removal efficiency
of 37% was achieved. The successful operation with such a high OLR was due to the high reactor alkalinity concentration of
14,500~15,600 mg/L as CaCOs as a result of the characteristic of the original substrate, dairy cow manure and saw dust mixture
whose alkalinity was more than 8,000 mg/L as CaCOs. The parameters for the reactor stability, the ratios of volatile acids and
alkalinity concentrations (V/A) and the ratio of propionic acid and acetic acid concentrations (P/A) appeared to be 0.11 and 0.43,
respectively, that were greatly stable in operation. Free ammonia toxicity was not experienced due to the long term acclimation
by the reactor TS content ranged 7.2~10.4% during the entire operational period.
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Table 1. Analytical methods for operational parameters

Parameter Method of analysis

pH pH Meter (Model 60, YSI, U.S.A)
Alkalinity ~ Standard Method 2320 B
TS Standard Method 2540 B
VS Standard Method 2540 E
TCOD  Standard Method 5220 B

Standard Method 5220 B after filtration with 0.45 um
filter paper

TKN Standard Method 4500-N B
NHs-N  Standard Method 4500-NH3 C
TP Standard Method 4500-P F
PO4-P  Standard Method 4500-P F
VFA Gas Chromatograph (Agilent HP G1530A, U .S A)

Element Analyzer (FLASH 2000 series, Thermo Scientific,
USA)

(0] Element Analyzer (FlashEA 1112, Thermo Finnigan, Italia)
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Fig. 2. Theoretical HRT estimated by graphical technique isolat-
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Table 2. Physicochemical characteristics of dairy cow manure
and saw dust mixture

Dairy cow manure Dairy cow manure

Parameters / saw dust mixture Parameters / saw dust mixture
Alkalinity
pH 79~80 (mg/L as CaCOy) 8,020~9,250
TS (%) 130 VS (%) 109~118
Vif)s 83.8~90.8 TCOD (mg/L)  140,750~159,470
0
BOD TVFA
26,100~28,650 138~170
(mg/L) ’ ’ (mg/L as Cy)
TKN
1,395~1,640 NHs*N (mg/L 1,250~1,410
(ma/L) , , 4"-N (mg/L) , ,
Org-N
190~205 NOs-N (mg/L] 5~7
(mg/L) 3-N (mg/L)
P 777~818 PO4-P (mg/L) 620~645
(mg/L) !
7]
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F2of| Hlsl| % A& 54 AR v Tt

Eul 77l RAERS] VFAL 138-170 mg/L as C0 ¥
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Bl 77 BAERS TKN 3352 1,395~1,640 mg/L2)
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o SIS& & 4 Stk
Z7) Aafeo] g - 3ty EA & P 2
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Table 3. Elemental analysis of dairy cow manure and saw dust

mixture
Parameters Dairy cow manure / saw dust mixture

C (%) 48 4~487
H (%) 59~61

O (%) 35.0~36.4
N (%) 1.80~1.83
S (%) 0.09-0.13
C/N 26.6~26.8

O
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Fig. 3. Temporal variations of biogas and methane production rates during SCFMR operation,
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3.23 kg VS/m’-day (HRT 402)ol| 4] 4.27 kg VS/m’-day (HRT
DE F7FFAA T TVS A AL EL 39-44%E A5t
%} Rico'™ S-2 CSTR Pilot €% AT} HRT 202(OLR 2
kg VS/m’-day)o] A TVS A7 &E& 30~34%S HI5t00
L 2 A+43H= OLRO| 287} FAl o E=5of&= TVS A
ABEE 26%E5 Kol o L% 2475 el

HEA] ko] 2.7}

3.2.3. HtAAl Edb 77 MAH L SCFMRL| 2F =740
2 Ht2 X LY TS(%) 35}
23kx9] FHj= &2A Aede] gle CSTR
(Completely Stirred Tank Reactor) -2 SCFMR-Z 4735}
o] 48t 9ot a1 ERE HSX Y TS EX7} vHiole
720 AEFT TVS A AR & & &S v|Xt Fig. 4
of YebH ule} ZHo] TS 13% WA 4] SCFMRQ] TS A A&
£2 HRT 40|l A 45%, HRT 3504 40%, HRT 30
o A} 35%0]%l o HRT7} 25U = o Zobd -9 TS A|A
BE2 20%= AAE] WobA OLRE F7hAIzlol whet 2+
28te AR Ut FUXRY TS 5= 13%°]
QAT WSRO TS %% HRT 30¥ A7|7M7HA] 7.2~

uEAA] @714

85% W5 Bl g ugE] FFEHUSS & = Uk
HRT 309 @AZANA TS AALEE 35%=H Rico'™

59 A AT oA 30~36%2] LS Ho] B A Ayt
o} ARt AA 47|17 Z<9F SCFMRO] wHEe &
Alglo] A ALl 7Hsatgict

3.2.4. HEAA| B4 2 MARL SCFMRS| 2FE 0]
IE FE+ YYHs

Table 40 Uebd vEe} 2ol TS 13% ¥hA 4] SCFMR A
A A 7|17F 59t pHE= 7.74~8.06 Y2 QA # o]}l o
Alkalinity+= 12,970~15,050 mg/L as CaCO; & o}F =2 &

£ §A3k4ck o] HRT7} mov‘oﬂ we} OLRo| %
Thstel FA RS ol FASHEE U AR AL R
Alkalinity =2 I3} 7]<lgt Ao|n o]&2 ol3f ¥r-3-=
o 9550l ok AN HRT7ZH Ze SdzAc| M o
Aol &4 AFE el Aoz dordEch

TS 13% =4} 77 22510 SCFMR ©4 A] 4 HRT
Q1 25~30Y WHolA FE42 TCOD % SCOD+= 84,590~
106,230 mg/Le} 27,630~31,120 mg/Lo]%lixZ SCOD/TCOD
(%)= 29~33% W Llo] ATt

O] 4 717F 59k NHYTKN H]= 80%7} H3le
HRT 25¢0] A NH49] %= 1,722 mg/Lo|t) A4S 1}
EfUl= Free 9tRYol F%= & 271 pH 7.90)4 =
Yo} %% 9] 10%7} Free Ammonia® A %}5}9] Free Ammonia

T+ 172 mg/L7} "t} o] 5%+ McCarty7} A A% =
B 150 mglLE st L7175 gmuiop 4
o2 gt BAIL FUER ek ol e Yo &

TS(9~12%)7F &3 H717Hs<¢t =4 NHy 5k «
: ?ﬂ%ﬁ}@l I s EEE R DR E I

thElt) Yamashiro™ 2 4B E Al o & CSTR
ﬂH F2 @71 4stzE 4% Z3 OLR 3 kg VS/
day ZAOA BFSE W NH42] 5% 1,653 mg/LZ W
slo] = oAy ATe} o AT

K B oft HU oo rlo
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Table 4. A summary of SCFMR operation at each HRT (TS 13%)

Parameter Reactor 1 Reactor 2 Reactor 3 Reactor 4 Reactor 5
OLR (kg VS/m*-day) 275-286(281) 305-326(316) 365~375(369)  440~450(445)  542~562 (552)
HRT (day) 40 35 30 25 20
. viv-d 092~103(099) 103~120(108) 121~132(127)  136~150(144)  1.06~123(1.15)
priﬁiiity m® Biogas/kg VSamwa  0.33~037 (0.35)  032~039(0.34)  032-036(034)  035-089(037)  0.19~023(0.21)
m®Biogas/kg VSem  0.82~091(0.86)  076~091(086)  080-094(089)  082-091(087)  0.73-0.87 (0.79)
“gg:;:gte % 708-786(744)  642-792(744)  6921-822(778) T727-806(775)  629~77.6(703)
viv-d 066~078(074)  069-~091(081) 087~106(098)  103~119(112)  0.66~095(0.81)
pxg‘:‘g’l’v‘fty m® Methane/kg VSaea  0.23~028(0.26)  022-030(026)  023-028(027)  023-027 (025  0.12~0.18(0.15)
m® Methane/kg VSem  058~074(0.64)  049-072(064)  055-078(069)  060~073(068)  0.46~067 (0.56)
?i?ga;etr’:?;? 36.3-430(408)  350-468(402)  855-417(386) 348399872  233-289(264)
vs Effluent based
Removal 443-460(449)  387-407(400)  B15-37.4(346)  17.3-242(201)  137~157 (14.6)
efficiency TS Rem (%)
Eclé‘gngrﬁif/zd 480-521(503)  418-476(448  327-393(370) 246-293(266)  11.0~213(149)
Effluent TS (%) 702-724(717)  771~797(780)  824-891(854) 9.86~1075(1039) 1096~1122(11.11)
Effiuent VS (%) 548-595(559)  598-621(6.06) 668~737(697) 795-830(817)  853~9.73(9.40)
pH 797-813(806)  739-810(774)  7.66~822(787) 7.85-808(797)  7.78~8.12(7.96)
Alkalinity 11,270~14,000 12,465~14,450 13,900~15,050 14,500~15,600 14,915~16,535
(mg/L as CaCOy) (12,970) (13,150) (14,550) (15,050) (15,810)
160D (gL 68,000~68400  71,300~73,300  83333-85333  101,500~108,300  116,000~120,000
(68,210) (72,100) (84,590) (106,230) (117,580)
21,000~21,600  22,100~23333  27,100~28,333 30,100~32,300  41,500~43,500
Effluent SCOD (mg/L) (21,360) (22,770) (27,630) (31,120) (42,620)
TKN (mg/L) 1,306~1,432 (1,384) 1,587~1,716 (1,650) 1,798~1,950 (1,861) 2,125~2,200 (2,170) 2,202~2,315 (2,266)
NHo~N(mg/)  1,145~1273(1,223) 1,403~1,498 (1,463) 1,455~1,555 (1,509) 1,700~1,755 (1,722) 1,907~1,999 (1,939)
TP (mg/L) 635~681 (655) 705~766 (730) 815~888 (853) 900~985 (948)  1,078~1,183 (1,114)
PO4~P (mg/L) 442~470 (457) 513~543 (524) 605~690 (642) 703~800 (739) 898~928 (911)
TVFA (mg/L as Cy) 832~872 (858)  1,008~1,120 (1,058) 1,322~1,420 (1,383) 1,630~1,763 (1,679) 1,846~2,001 (1,944)
V/A 006-008(007)  007-009(008)  009~010(010)  010~012(0.11)  0.12~0.13(0.12)
P/A 040-046(043)  028-040(035)  033-~039(037)  034~057(043)  058-067 (0.64)
3.2.5. HtAHAl EdE 25 HAE L SCFMRe| X X740 4
[tE 0|2 QI X|A HRT AHH
Fig. 50 YA H}e} 7o Graphical Statistics Analaysis 3 k,
(@SA) HHE FA WME RASE 3} = BosE (
ko HAAe] WA B gAAREY o]2Fel FHa s,
HRTZ A3l BVS(So) % ki (0.072 day™)o] mh2 2 z kq
T2 2E= 7 AEES)T} k, (0.001 day)o] £EZ 1
27 BallEE 7 AEE(S)S 1Ejste] By 24 AR
o] o] 24 HRTE 35~4129] H9|S H g}
e B4l SCFMR 42yt 4 Z7) ZA4aEwk TS % 20 HRT 40 60 80 100

13%2] %9 GSA el Asprct o Fe HHeH HRT
ol 25302 WelE YTk o= AR A
Alkalinity @} n]&Flart FRoto] 7]/ 48 w30 ¢t
4491 £ 15T, 2 248 F) SCFMRS]
71 axshto] g - A8t ¥ OLR 2oA=
A 714K Volatile Fatty Acids, VFA)9] &% 02 9l

Operation time (day)

Fig. 5. Determination of HRT for degradation of dairy cow ma-
nure and saw dust mixture,

ol Qe AT 9

AR
2 %9 oA AYu}2ol = “Juhnde Village™= F&
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4312 HRT 51~58Y 2 7[&=E ke 30E/U7} Grass Silage
35%/9S FQlatal glom 200 m/hre] HRO]|QtAS A
AFstal @)t “Bioenergie Neustadt AD Plant”= 40°C, HRT
3542 A3} 910 Maize Silage, Grass SilageS 50=
/A& Z9]ake] vFo] 9712 10,800 m/dayS AJAFsEaL 9k
oo} & ke FUAT A% ZUEMAL HRTES
35602 Wel2 At ek

wepA & AFATolA =EEH 5 2 AR F
4 HRTS} 8|5b8 ] §iAkg 270lul, HRT A7) A
H AILofA] =&% HRTO| ¢+ -E(Safety Factor, SF)1} 7
A B Tejslel B ) kol FEE
A1 43}t w20l P grsfof & Zlojth

3.2.6. X|CH HIO|R7tA MMS Q|
HRMzHAEE

Hpo| @ 7FAE Ao |A|8tsk7] flliAl= Zthe] Methane
S RAEtojof sitt o]|E PAEH7] el OLRS =7}
AACF skt 1 A FHYEE] {713 AHVFA)©]

253l o]2 Q8| pH7F SobA A= wighyd HhE o}
o] Ao w3tEERE wetA RESo]l FAHSh I
£ Aafk o] W74t Al o] AR A Hio] &
7k AL 2310] TVS AlARES FAl 24T o+ 3l
om F RS UEAE 5 Qe HAARUS =EStofof
gkt

2 AAn S92 Hai o] ¥4 SCFMR &7]
daskEgd el =9 OLR ¥ vlo]erti ARk} TVS A
Af&S Fig. 63 79 YeEtfi ity vHd 4 SCFMR & 714
23124 ¢ AT} vpo] @ 7kAL OLRO] 4.40~4.50 kg VS/
m’-day (HRT 252) w] 1.44 v/v-do] 2o RS 1Y
o, o] uf Hfo]|7tA 7]E TVS AAREL 37%S UEt
Witk $H OLRo] 2.75~3.26 kg VS/m’-day (HRT 35~40
A of Hje] TVS AATER 40%E o, o] of
Hlo] @ 7k AAFFL 0.99~1.08 v/v-do]glth. 12|t HRT
2590 9] vjo] o 7kA MPAIRES HRT 40l vl oF 145%
7VeF 2 Z7HE 2ol Wb TVS AAZ RS 3% 7159 1)
a)gk ZpolE H itk

r9£

HEZ1Al SCFMRS| |

20

H 1 H
H ) 1
| | |
16 . 5 H
!
y = 0.3320x + 0.1744 : !y = -0.2911x + 2.941

| RE=08931
;
D
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R? = 0.9422
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! [S]
:
0.8 :
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'

0.4

Biogas Productity (v/v-d)
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Organic loading rate (kg VS/m3-day)
Fig. 6. Biogas productivity as a function of organic loading rates
of SCFMR,

60

y = -1.9939x2 + 11.493x + 24.103
R? = 0.8517
40 :
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Fig. 7. TVS removal efficiency as a function of organic loading
rates of SCFMR,

wheba] FHF 27 AALE o] @714 45kx 4 A HEo|
7k A TVS AARES 1T off o] 224 ¢] HRT
= 25¢o), AA| A A] oA -E(Safety Factor, SF)S 1L
efstol 24 HRTE Z7gstolof 32 o 4 v

H =Ro =u 77 HAER TS 13%E ¥HA4] SCFMR
WRgzo] Zelste] A2 o] o}
i - Grkste] 8 £7

/\3 =
2 E&stag stgon, 1 A7ATE aokstE o

FY TS 13%2] ¥-d4] SCFMR
o 2 1173314- 22 &4 %72 HRT 25%U(OLR 4.40~4.50 kg
VS/m’-day)o] 9l o, | ulo] @ 7pA WA 1.44 v/v-do}
CH; ¥HEF 1.12 viv-d2 94519t} o] o TVS A7 &L
< Hpo| @7k WY 7] 37%01 itk o= & 2 2
28w 19 100 kg 9] Al 3.60 m’2] Hlo] @ 7pAS KA
St Afolth

45 kg VS/m’ -day (HRT

2) =2 #7]= H3h&<l OLR 4
AR olf= FYAELY

2590 4] SCFMR9] & o]
Eu 727 AARRY) Z2k3 QE =8 Alkalinity =&
oltt. 1 A}t HE-8-x 9] Alkalinity+ 14,500~15,600 mg/L as
CaCO; W efolglomn, Hhg-x9] P dS H7ek= V/A H
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rlr i _IN
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