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A Study on Establishment of Technical Guideline
of the Installation and Operation for the Efficient Bio-gasification Facility
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Design and Operation Guideline

Dongjin Lee, HeeSung Moon, Jihwan Son, Jisu Bae'

Environmental Resource Research Department, National Institute of Environmental Research

(Received: Jun. 2, 2017 / Revised: Aug. 29, 2017 / Accepted: Sep. 7, 2017)

ABSTRACT: The purpose of this study is to provide a design and operation technical guideline for meeting the
appropriate design criteria to bio-gasification facilities treating organic wastes. Based on the results obtained during
the field surveys, the overall design and operation guidelines for bio-gasification facilities, monitoring items, cycle
and commissioning period were presented. According to the flow of anaerobic digestion process, Various design
factors for bio-gasification facilities were proposed in this study. When designing the initial anaerobic digestion
capacity, 10 ~ 30% of the treatment capacity was applied considering the discharge characteristics by the incoming
organic wastes. At the import storage hopper process, limit concentration of transporting organic wastes was limited
to TS 10 % or less, and limit concentration of inhibiting factor was suggested in operation of anaerobic digester.
In addition, organic loading rate (OLR) was shown as 1.5 ~ 4.0 kgVSin/(m3~day) for the combined bio-gasification
facilities of animal manure and food wastes. Desulfurization and dehumidification methods of biogas from anaerobic
digestor and proper periods of liquifization tank were suggested in design guideline. It is recommended that the
operating parameters of the biogasification facilities to be maintained at pH (acid fermentation tank 4.5~6.5, methane
fermentation tank 6.0~8.0), temperature variation range within 2 C, management of volatile fatty acid and ammonia

concentration less than 3,000 mg/L, respectively.
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Fig. 16. Input variation of bio-gasification facility in pig manure.
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Table 7. Design & operation guidelines of import storage hopper (AM)
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Table 9. Design & operation guidelines of conveying system
8 24 A GUIDE LINE H|A| ]
H= 373 9 =4y - BE gxo dudie A8
- o]l Ha B 1 150 A (&8 ), 300 A (EF HB), 300A(EH
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012:]% -t 1___ guld H B _
- AE 9 o 3ol AFEF =E AXA
37 © 2~ bz =
A B ATTE zaq 9w ggnel e a
T=
4.14. B714 43 A (OLR)S F2oZ 7[5EusE 95X8d 44,
7148 el 52 25 (35C 5255 0) 1.0~3.0 kgVSw/(m™ day) 2, 521 &-F5 7] &3} WA
L 3 - -
zﬂoﬂzﬂ 714 mAEL o] 45l GRS K3 23k A-7-ol& 1.5~4.0 kgVSi/(m™day) = H] 3l oF
= Aldolth @714 HABe) AsEst mely]  Toh B IWRS 4RSS w2 ke Wee
dl e, Harg A, g, ARAT, il uPdtel 2 AR (15w FHEFAD 3
AR Ak EHEA gHk slaabgE S0l 4 X & Ag3slodof s}t &A|SE W82 Table 109
5 o2 ZO|ALELS. ©0 1 i T ST
stz 4 FAERE 9 H of gt} wEba] 3
AAEE SAERHIES 75 4,000 mg/L ©]
- - A5 < 3.7)
8, 7HEEE 3,000 mg/L Ol3HE Z8taE &3 415, B3R o8 &
oF &tH, tRYold i ¥EE 3,000 mg/L (pH 4317k o] AR 714943 AdRlolA ALk
7.5 718)E A B of it B3 fr| =58 = &Sk ARl whet A 9 73l oy
Table 10. Design & operation guidelines of anaerobic digestion facility
T = A & GUIDE LINE A|A| H 1
- AR 6.5-8.5
- ol dAaslx (Ahax)
pH A4 71& D 45~65 (FAEFHIE= 50 %) il?ﬁ
6.0~8.0 (VIEEL = 50 %)
- o)FastE (MEdaX) : 7.0-85
_ - 248} 3542 C £20
&3 o= A 7E °
= A7) - 312243} : 5060 C + 1.0
AR = - (2AEFH7IE) Volatile Acid : 4,000 mg/L ©]3}
e 71 - VEEY) Volatile Acid : 3,000 mg/L ©]3}
A eSS - Feas: Ha 20 U o
s - 1828} Ha 15 Y oy
W A B Y - 18E 2% WA AR - S 2 T oul
o - N E FE H|AF AR - S 10 % o
<BEAY A
- VS 713(&2) 1 1.5-4.0 kg VSi/(m’-day)
OLR (F71EXR3h) 712 - VS 71&(14) @ 2.5~5.0 kg VSi/(m’ day)
2k} TSR g5 A9
- VS 712(%2)) 1 1.0~3.0 kg VSi/(m’-day)
- VS 71Z(72)) 1 1.5~4.0 kg VSi/(m’-day)
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Table 11. Design & operation guidelines of facility using biogas
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Table 12. Design & operation guidelines of wastewater treatment facility
e 24 A GUIDE LINE A|A| H 1
w2 C/N Ratio - oA SRR 4
e - HAH 2= ¥ 1530 C
H| 2= 2 FZ2=
A e s - BaA QPNE Ae
HF s _ - 234A pH 7.0-8.0 HE] UolA &3
} o]} ks
i‘]E] éL:‘il'oﬂ "]1_ pH 1\:! - pH ;(_17]_& ‘I‘I _}___Ez__ l’z’_%}
AAAE 71+ - QAIXE sk 2 FakEEe] 10 % old
FZ 0] Lol A _ -
SRS RUTE HE sane ™ oww 440 wa
=]
- . - AFAES B E£32)(BODs 22,000 mg/L 74$) 30 ¥ o), B
AFALE B
EZ2(BODs 10,000 mg/L 73%) 15 & olFo 2 A%
S5k (DO)S) 71E 1] - Au|EtE ©e] 87 e 3V
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Table 13. Design & operation guidelines of odor removal facility

T = Al & GUIDE LINE HA| H 2
o 4y 134
a W, A A,
o g4, FAE N, 12 3/hr o)
; A EA, A2 T

B, FEA 5

8 3)/hr o)A

BT, AR D ATE

sb7) 3 71% wE Z} gekzAdz wy), A87), | 15 S o)A

= o | B, Y x5

b 2 AAADTZ, A, -

" ? SRz 5 12 3)/hr o]
El ol&uo]o], A dn] 15 3/hr o1
5\_
=4 plty 0101’ a‘ﬂ%}% ‘3‘l 5 o)Ak
; gAY NEEY 5 10 3)/hr ©)X

- FBE : Yora, YniRR

F9 o 99 B4 - ALSE

- dFOI=F

greUjol, Eejudoly)
SE, Zs)e, HY

BEUEY 71E B5 oF - HES47]FE B} 1020 % Bl A 3

AgAG

71443 FAHNA T3 EZQAA= Table
148} 2t} {71555 (OLR)2 s+ Axa
F=o] AT Aslzel FFEE o=, vE

P

-
-
#F71E2] & 3 RS 24t OLRS AA

He 2 #AYFozA PgARl Aslx XS
=g ¢ 9t 53 JEEns s

(VS)9] w57} wromz tjie) nfo] 9 7txs) A
AolA FrlEReHEo] BA = Aot oebA
4 71F0R JhEEn wEAEAL 49, 10
kgVS /(m’-day), S2EFH 7157 HgA = A
4L 15 kegVS/(m™*day) ©l8tE §7|EHE}-g0] 7+
AHA FE= 2 werks dbgEr 2 eby |9l

a3tz 2F-HeE Aok .

f71= T GAlel st rAEES] HH 3
27} 2ol E Table 149 AAE pH WS Fr

Table 14. The main operation factor in the anaerobic digester (AM+FW)

72

1 phase

pH acidogenic

2 phases

5
4565 (FW = 50 %)
6.0~80 (AW =

methanogenic

mesophilic

temperature, C -
thermophilic

50~60

OLR, kgVS/(m™day)

1.5~4.0 (wet standard)
2.5~5.0 (dry standard)

*OAM @ 71EER, FW  SAERAVIE, SAEREVE 9
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Slefel i, 5731 pit W Kol F4 Wi

=5 #shs Zlo] Fasith £
7] A, A FEe
A s Folsfol Gk

5.1.2. Asfjagl

d718astx WA LA, dEYo}
S 2o AR w5t dAFES 295

S
2 A9, O AAL 5402 Qs 714 vAE
o] =2 " FFA1S JA|St) Table 1590 71444

sz SR Zgae AR 2 AEES A
REEE

FAE AR 3,000 mg/L ©]atE #AElste A
o] Iuzoln, SAEFH V&S G5 A 74
%, 4,000 mg/L ©|3t7kA] A3l FaFo] dojuA] F

= o2 dEA Ut o, VSRR % E59
71E5S WA EskE Agole olx T w2 3,000
mg/L o]/goll A d71dastgAol Aol7} & 33}%

AAsh= AdE dozith dEF A
3,000 mg/L o]’dol™, JA 282 2=, pH Tl
2 th2A 2H-Hn” webd gruold 0% A
7} B A 255 GEAY 71 24 Wt
£ Fo2H 71d W A RaE AAA L3kx

WR gmLjol BEE AA e F gov
2714 HAEe] B0 ot mAEe Fof
e gol Basith

WA SRS el npol orbss} A
AME Folrio] WA BE g ANBT ol
Pk B4 EHOZ A% Zow? ol s}
2ol FfEo] Qi B AR Aol B A3

1

of Wx7)e] AL dgsr] fisteltt &3kx W
oA Fslra As AAYHLS F3hE JHS 9
& dd 7L & 7 71 vle =4 Sl Stk

Ae E 59 g
A2E FHT WA /718 @2 B lolerkast M) A 29 FEE et
el oty dRYoM] i (NH-N) o= &t flste] obA e =8 wFRAAe] e 7)<l
ot 8o 839 gEUokd A dRUelE 23 9 s|2qel} Fasi @r)4d4stxe] o
Ao} MRS A YR ART F A o 4% fANsre0] /1 Fesin, FEH
Aok of 71d f 23 GEUYAEFES] 5 A AoldAlE &5 9 wykolnk. wRkAl Y74
b ES A9, WAE AE Rl el HHo  slo) exo] Aol R MBHES 2 T o A
Table 15. Inhibition factors of the anaerobic digestion'®
T = sl &= (mglL)
olm o} > 3,000 (at pH > 7.6)
Habw (7849) > 3,000
Eiacy 2,500~-4,500
lRmAS| oy 1,000~1,500
Edass 2,500~4,500
UEEF 3,500~4,500
72 > 0.5
===y > 150
A > 1,700
Source : WPCF, Operation of Municipal Wastewater Treatment Plants, Manual of Practice No. 11, 1990, Vol I, 2nd ed. & =3l 5215

RIS EHS welstel ALY,
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Table 16. Operation factor lists and measuring periods

2 oIz} ol E3]
F9% £ e
== C v
pH - e
7hs A m’ el
Ho] @7k 24 ek vol %, olAkStERA, Fsira, HElHo R sha w1
Th2s AArg m’/kgys LIS
FRske kgys/(m’ - day) S|
AR Ak d S|
A 2 g4k mg/L WY
A3l R] W F kgrs/m®, kgys/m’ ufj =
271 23
F22 (IN) mg/L =
FUE2 TS, VS % w5
FEE9 TS, VS % uj =
BRI me/L S
CODcr mg/L )]
it mg/L oA
vl i mg/L ZaA
Aato] A oF gt Fr|dAsze] & B84 afjof gt
o ueEeS SRIFo A Toto] 7Psa, 7
LA AL, R0} 5] TRE FTH o £ 514 Ald 8l HeRT
stof ARl mUEEel Zhssith wlelekSt o) o shasy Aol et Alede ol H3,
Aol wAWAsE SIS F71E Table 169), F o ng w ynAgoR TR, S L
P EARe M) 2 A W AG BN T L oo s Ae] A)ed 9 A
oFAAE U o] & RIS HUK, nnze old) Table 189) HHYFE vlo® 2
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Table 17. Startup list and contents of bio-gasification facility
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Table 18. Main inspection list of bio-gasification facility
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