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[0152]

[0154]

[0156]

[0158]

[0160]

[0162]

[0164]

[0165]

[0167]

[0169]

[0170]

[0172]

[0174]

SIHS31 10-2021-0040595

47 S AAABI0)E 37 cheluy] ARue G487 9% AAAZA, A 4 A, BAE
A % ol it olgom dEHE AU olFold sl

Ty

olwf, A7) thEA AAA(310)E 10mm WA 5me &35 z= A 2 XA Az
Hlgo] F71 W oolel Fe FFom et w e @o] H&H, smE 23 % 73%, Ao} oAa ZAvt
vn)sle] A g]4=e] SS(Suspended Solids) S92 F71% o] &7 T E 2 uAEo] A
7] oEA AX A FWel wEEX Fsla, tgiie] & ¥FS et HMIWM w ol chojupu] A E-uhe]
P 2 1wEAO] AslEE FAZE o A7) HAE "oy gk o] npEA i,

e, BAE 5 34 HA7 olee g AAAZ A48T A5, Ul 3% f48 9% B9 e
s omE Behsy AdY 39 HA FRAMIEDE FAH0E 4T 5 dom, 34 54 FRAL A
SO 9 R WES WA GRS thEy AAA w2 35S 2 o] WEAE ol

=3, A7 AAEA(S300) N E Fr1Eg RaEe FEld AFAIS 5 WA 40LE Ao, 4] F
g &d A FAIZFA A wlo] o7l A o] A& A o] Foj XL},

A7 o EE(300)9] 7] tholud AEEN320)S B3 AP B2H(400)2 o]FEHH, nlo|ortaE B
glE]o] 7] vpo]l 7k A FF-(500) 2 o] €t

W2 A (S400) M = w2 F-(400) 04 7] tholyd AEES T3t H24E o]fdo} nlo|ortas ¥l
a1, 7] vel etk ElE A s HS AR (EADR o)F 9 wEsHA "t

ol , A7] E&H-(400)E npolQrtavl EeElH A4S wEee f2dd 48 AME Fuste] ded wER

o Aelns 44T 4 9

uhol @ 7k2 AEA (55000l A= Bhol @ /b2 AGR(B00)el A A7) WESE(100) 2 A7) Hel3(400) A kA
A ulolertas A% % A4SS SAT

4] ol @k AAEE ook AASE, Holerke ANSE W o5e] 2¥S Tl 4T F Uuh.

HES A (S600) ol A= 7] mke] @7k A7 (500) A S ¥ = wpo] @7k2~0] Aol whet WkE-(600) ol A

olftmge] FrlHe TRaES Y] WexE wEATIH, Y] BERe wgEe frlds dase]

Bop AAEHAE, 471 BEEEA(S600) M = 7] HRol @7k AR (500) oA S E = who]l @b o] BAH
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be choluby
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2] 5-(400) 9
3}

E

A=}

fLe

, 737] mpel ks ARl SAH
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al

X

]_

S

1o $YFAL A

oA

=z}

HE-2(100) el A 7] o 2 EE(300) & ©]5 Y]
A8k 3 X

ZH

(200) el A Ao

1.

[0178]
[0179]
[0183]
[0185]

o
=T |

714 &AM

Foict.

S

AR AL
standard no.

HAE AF

a1 <€
w3 A 7

=
=4

bl 2

S

Adz7 4= UASBR A7

[0186]

(nominal

20.5 cm, ¥=9°| 40

sieve
o Abo]= 50mE

16

pH
48 + 0.1
7.5 +0.3
=

=1

-
X

2.1 0.6
i, 7124585 (0LR; Organic

T-N [g/L]

22 14 L(A

o

=
H

VS [g/L]
155.1 + 0.9 |54 + 0.2
29.5 +0.9
O
4 cm, YH] 10cm,
o]

USA

=

=1

o
T

10% w/v=

Flon], CSTR
2]

TS [g/L]

177.6 + 1.0

450 +15
3 AAA ==

R
[e)

.

o

VSS [g/L]
140.2 + 3.1
16.2 +2.8

— 14 —

ar

o

E2Y 7=

)
TSS [g/L]
1443 + 2.1
31.5 +5.6

Kol
=]

gejolere 5.5 1, AEd

COD [g/L]
205.3 + 2.4

o] g-3fo] o3}
AR AT, B

=

=

H

Undiluted
food waste
Anaerobic
digester
sludge

=

1.0 mm)

hyA

CSTR(Continuously Stirred Tank React)®} DNEES FH]

cm) €k pH
CSTR®} DM(Dynamic Membrane)®& Afo]of

1C, pH 7.0~8.02 HA s},

diameter

[0188]
[0189]
[0190]

[0191]



[0193]

[0195]

[0196]

[0197]

[0198]
[0199]

[0201]

[0202]

[0204]

[0205]

[0206]

[0207]

[0208]

[0209]

[0210]

ZIHSd 10-2021-0040595

Loading Rate)> 1 ~ 10 g COD/L/dZ ZA3}I3it}.

Hlol @ 7h2~o] RS HUEHEY] sl 7t~ 2{7E FHlEgla, 2-8E Thae )
1 atm) o2 BASRTH. vlo| 7tz E3H wErtAE SAH3 7] 9ste], HET o]ikEtEr
7} AZntE 783 (SRI Instruments, SRI 310, USA)E o]&3l3itt.

3k A HFAH(VFA)S 300%<7.8mm minex HPX- 87H (Bio-Rad, He cules, CA, USA)Z#< A=kst HPLC(1525,
Waters, Milford, USA)® ®A&qom AWAake] peak:E UV detectorE o]&3te] w1 210 nmollA] SA3}ar,
olsd AL smie] kS o] &3St

AR, D, FAL(ING 42 APHA o 9|7 et 54 AL, SRT(solids retention time):= &F7]1€] 2 1
KN

Mixed liguor S5

SRT = HRT x :
Effluent SS

EPS(Extracellular polymeric substance): Zhen et al (2013))] 7]&¥ dAxE wet =5 :
9] polysaccharide (PS), protein (PN) & ZA3sto 1 5EAS ¥4 9. PN Lowry WHE ]85t
Hela, PSe= HE-3ihHo s HAAIZl & 490 nmoll A A =HE ATt

DNA extractione MoBio PowerSoil DNA extraction kit (MoBio, Solana Beach, CA, USA)E o]&3le] F3% 3
=

g 2lol s Z=Z&ly] 98 ZelolmE 341F (5 -CCTACGGGNGGCWGCAG-3" )9} 805R 5° -GACTACHVGGGTATCTAATCC-3
‘B AEsga, IMES 2EZE) Y% Zlo|w @ 787F (5 -ATTAGATACCCSBGTAGTCC-3" )9} 1059R (5-
GCCATGCACCWCCTCT-3" )& Abg-stgith.

olN

Z% PCR A= Illumina MiSeq platform = ]%5}04 AEstg o Mothur  program
(http://www.mothur.org) & ©|-§3ted 7|wlgtE AAst, WEAID~ d v AE 3o 542 RDP
Pipeline (http://pyro.cme.msu.edu)E o]&ste] EA %A},

ALY AA HEE =Asr] Yste], wrEEolet mATe] 16S rRNA §HAE SYBR Green detector
(AriaMX Real-Time PCR, Agilent Technologies, USA)7} T-H|E FHAXNZFZESNZS AL&39 T},

e E]o} 16S rRNA 32k FHol A, gP(R €A &X& 50TCollA] 23F, 95TalA 1023t EXg & %, 95T
oA 30%, 52CoA 18, 72CoA 9024 403] wrEsta, upx|eto g 72Co| A 58702 A=),

AT 16S rRNA S8 ZZ oA, PR €A 7] &&= 50CoA 287F, 95CoA 1087F &g 3 3, 95T
A 25%, 52TColA 25%, 72TColA 25%4 403] wiEsla, npxgo = 72 TollA 5E7FoZ A HATE.

S AR} copyFE 3719 A 20 o&] AAbE )

[+ 2]

Gene copies = DNA Conc. e X lg X 1 mol bp DNA
ul 1000° ng 660 g DNA

« 6.023 x 1023 bp « 1 copy
1 mol bp DNA genome or plasmid size [bp]

x (volume of template [ul])
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[0212]

[0213]

[0214]

[0215]

[0217]

[0219]

[0221]

[0223]

[0224]

[0226]

2. A3 A3
at719] ® 2= *F7(HRT,
o] FAE BolEr.

OLR, Ad&H)o] me

ek B

(Y Y ne

SIS 10-2021-0040595

e E),

SRT/HRT % DM

* 2
HRT | Influent | OLR Shear MPR Y’i“{e%h?ﬁg — %&S?Z‘;i?
0 50 125 0.011 0.41 0.1 | 033 0.1 | 2.1 0.0 2
25 50 2.00 0.017 0.69 0.2 | 034 0.2 | 3.1 0.2 3
15 50 333 0.029 099 0.2 | 030 0.4 | 121 %25 10
12 50 217 0.036 0.98 03 | 023 0.1 | 7.4 1.1 3
10 50 5.00 0.043 1.26 0.2 | 022 0.1 | 6.1 0.3 3
10 50 5.00 0.120 1.43 0.1 | 029 £0.1 | 1.9 02 3
10 50 5.00 0.200 1.52 £0.0 | 0.30 0.0 | 2.0 £0.3 3
10 50 5.00 0.340 1.58 £0.0 | 032 0.1 | 2.0 0.1 2
10 50 5.00 0.440 1.56 £0.0 | 032 0.1 | 1.9 0.1 2
10 50 5.00 0.880 1.54 £0.0 | 0.31 0.1 | 1.9 0.2 2
10 50 5.00 1.740 1.21 £0.1 | 0.24 0.0 | 1.6 £0.1 2
10 80 8.00 0.340 2.08 0.1 | 0.26 +0.1 | 1.6 £0.1 2
10 100 10.00 0.340 2.52 0.1 | 0.24 0.1 | 1.6 0.1 2

% 4% HRT, OLR B! Wlgt g &0 FadAE RolFe dgZelal, & by dudid mg megydse gl

eI FES HolFE g zo|t,

ek AL E(MPR)E= OLRS F7kol whel E7bekgith. 2710l 1.25 g COD/L/d OLROIA 0.414 L/L/de] &
MPR7ES Hoelthrt &7ldlE HA S71sted 5.0 g COD/L/dS] OLReIA] 1.1 L/L/d9] MPRell =g-skoict. wehgits:
&2 25 do] HRTOIA] 0.344 L/g CODadded® 7}g E& Aoz = .

, = OLROIA A< (shear velocity)ZS 0.88 m/h7HA] Z7HAI S o) vlo]l @7}~ AR (MPR) =
Zbebe FAE BAoH, AEEHE 1.74 m/hell =EsklS wlo] MPRS 1.212 Fadhs AS 39T 5 3l

% 2 Qg vpo] 7k A A AN AdEEE =
o, o] wf 10 g/L/d9] %2 OLRAIA FHdl MPRS €&

o O
w
=~
=]
s
=
X
B

i
5

AT

it
4

3k, TMP(Transmembrane pressure)i= o3t A4 glo] 1L #H4-E T E AA 3PA|7H(140 d)
EE0] 10 kParRt} F2 kS Yelugt). dukd oz =90 R 2 VFA(Volatile Fatty Acid)S zHe uhg s
A A TAAE 2P, B o wEoE AdEEE Aojgtozy wagts HAseS e 4 dda
ol F3 V&S FsHAA DN 7lwol SAEHVIEY o] AEke fUHGY driAstdd HE87led

FE5(effluent) 2] TSS(Total Suspended Solids)<} 7134 W& = (mixed liquor)®] TSSE H]aLg A
2A, §Z59 1SSE F71#H ¢ daEo 1SS B} we 7S VehygiTh.

EE, F 204 BolFE ukel o] 15 d HRTOIA 12.19] %S SRI/HRT H]E YeEhfle

TSS7F 2800 mg/LolaL, f7]#HS HHEE S TSSE >45,000 mg/L oo & A EQTt. o) F2ute] Ao o3t

of 9B Rel5e FYNA F 90l 71U AR B,

lo
o

=
o

Haes Boler. 714astelA 2 TSS o VFA ske v uho] o7}

%= 72 DM layerol A % VFAS} TSS9
2 Ryt FH8 FUHFE o] &3 nlo] ot A H A g

2 YRS Fatetn], 53], @7]askl A
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[0228]

[0230]

[0232]

[0234]

[0236]

[0237]

[0239]

[0240]

[0242]

SIHS31 10-2021-0040595

Al 2E oA 7l HEe] Fshs B oukol @7k AT o] Askel o] glnt.

Hoaldo) A TR A 2.0 g COD/L/d ©]4+e] OLRIA Fadk Ao g elE oy}, §&49 f7d94 T&
oA B VFASL TSS7F ZhAsgiow, VFASE TSSell thafjA z+zh 82% 3 87%] & &7t vk, == 24k
o] FAol|x B ata, & AlxHoAE w2 wERAAEA Y DN fU]Es oss HolFm, o= DN
org el A FHEE AowE FIsIUTE. 58], 15 d HRTOIA DM 2o FAZF 718 FAoH, =
SRT/HRT H|& YWERHATHE 20 &A]).

T 82 MRTO whE DMule] FPSEAZAE Wole Ao g LB-EPS & HRTQ W3lo] A4 A4S ¥x &o
W, TB-EPSE  40¥ellA  15¥e] HRT Wslel wel ket 1099 HRTZMA HE #aEit
PS(polysaccharides)® %% PN(protein)s%=(400~ 860 mg/L)ell Hls] 7|EZHow A F4(20-30 mg/L)

R

= 9E SAE #4949 AnDMBR A 2]9] Microbial analysisHO|EE HojFE= Ao RA, (A)E Ay v go}
o] Athz HES HolFu | (B) HRTASIe] wE Z(Order) FFolA Alwel ¥, (O) HRTHI| we F
(Species) ol Ao &2, (D) HRTH S | 2 & (Phylum)F=ol A vtegol XS BojFEr},

= 9(A)ellA BelFE wpel o], whelgol 16 s rRNA 1A 2Ald 16 s rRNA 3 #F B} 108]~1008] o]
wEHAT. 7] dwElgotst a2 copy i DURESTIOA Bup FrlHlRE oA A S EHAS
th, 15 d HRTelA] DNRHE7] o] whelgjelel auAlst 44 copy 7F 6.5% W EA ZH=Ach. 16d ~ 10d
HRTol A BRee]ole} wAlst RF FFASHIon, OLRS 1.25g/L/d oA 5g/L/d= F7HE vt RS FHA &
A4 747k 1.5%10' copies/uL, 4.3%10 copies/uL® Holgrh. Awkd o pyetel A wle|golel TAF §

ol gol Ao, RRYPEE GUASTRAET FAST

= 9B (©°lA BHAFE wiel o], B 42FoA Methanosarcinales, Methanomicrobiales 2
Methanobacteriales?7} %3l om, %79 acetoclastic methanogen?l Methanosarcinales®| archaeal 3
ZolA 71 $-d A (relative abundance=33.9%).

==

% A= acetoclastic  methanogen?]  Methanosaeta  conciliZ} 7F& A3t (relative
abundance=29.4%). HRT] W3}(40d~10d)ll we}t ¢-HdFold Fagh Wyt HAHJA=H, & 52 10d HRT
A Methanomicrobiales ©] 42.9%7}%] Z7}%F WHH | Methanosarcinales ¢ Methanobacteriales® Ath$-HE:=
Z4zy 15.3%, 1.9%% #A2sAd. £ 459 10d HRTOIA Methanolinea tarda o] 7F& $-#H3lth(relative
abundance=41.7%) .

= 9= F F=FoAM 8F9e HE ol EFE HoFU: irmicutes,Bacteroidetes, Actinobacteria,
Chloroflexi, Thermotogae, Proteobacteria, Spirochaetes = Synergistestes. ®E|Z]o} 3, Firmicutes,
Bacteroidetes % Chloroflexi & AA FolA theF 60~70%= 3T},

%7] 40d ~15d HRTOA Firmicutes’} A3t o, 12d, 1049 HRToﬂfﬂ Bacteroidetes7} %-A3sltt. oluf,
ZRIAEE 01614 0.9 g/L7HA S7FAAAL, pHe] & W3h7h gRlEow (= 100 *=A]1), COD A&
68.6% 7}A 74239 th. Chloroflexi, Actinobacteria 2 Proteobacteria ¢ 7S Syntrophs& Atz ®lE=7}

A HER T

47) AoE E, ADMBR o) AT RS wERe Zevete] Edst BAdAE T 4Sde o
A% & gslond, Wi of LA PRl BFY AAAA I el gE) AR % L
o que FAREE so] f7195e) nARelst bsetn, WEe] GATR] NRERIES Aojgoz
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HHO| 2 7tA 0| d/dEko]|
7|87 2 ojaelrt

orzio] 7| MHE e

1+

ol 7}
HECHA|

B
H

| oProduction rate ~OLR |

(p1/aoo-6) axer Buipeo ouebiQ

=40d

HRT

!
1

1
e T
— e o © o

T N © ®© v
i o
(P/1/7HD-1) 936 "poad *HD

40 60 80 100 120 140

20

Time (days)
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=95
Shear velocity (m/h)
0.0410.12 023. 0.34 ;0.44 .ﬂB'S. 1.74 0.34
350 } | +—
~~330 P edhadio | |
O 310 ) ,
(.IJ 290 Tt
O 270 1.3
S
3 250 1.2
£ 230 | | 1.1
L S 210 : Recovery period 1
> P i i ! |
o 190 P | i | i 0.9
s E i N .
oy { o} B e | 08
150 L 1 1 1 I 0.7
0 30 60 a0 120 150
Time (days)
=96
-e-Mixed liquor  =O-Effluent
HRT =40d 1 25d 1 15d I 12dI 10d
___50000 I 50000
- I 45000
= 1 ~
2145000 i
(@)]
03 40000 35000 £
) 30000 ;)’
i 35000 25000 ‘rj
=) 20000 +
oy =
5 30000 15000 8
'U —_—
2 25000 ;gggo =
=
20000 0

Time (days)
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