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L9 nBEe] HEEE HAsh| fside 2Iekd AlFAIKKHydraulic
retention time, HRT)¥} IFE AH|FA|7HSolid retention time,
SRT)Y E=7} ZQ3t, dvtdo=s HEE71el FEolA=
HRTS} SRT7F &YsH] W&o HRTE RE&5sE FA4g0] B2 v
2 FEE fFE(washou)H”] H2ol f71&8 Fole =495 s
| 8l

29 H5 AL 9L 2l 9L

Heat (CO, + H,0) CH, (biogas)
50% 90%

Biodegradable
cob

Biodegradable
cob

Biomass (sludge) Biomass (sludge)
50% 10%
(a) Aerobic treatment (b) Anaerobic treatment
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Baterial colonies

and EPS Filamentous
bacteria

EPS and single bacteria

[O3 4-6] steEX| 4

O gurom 7181 WA F &AW 8343 Chemical Oxy
-gen Demand(COD)?| 27 Aol s} B7hen Gdxe] wet
A A 71g3keol o Fke glow Led Ue

A5 a3 Synergistic Effect)E 7FAQ7] wj&Eld], &Z=|(pH 12)2+
GA2(175C, 30min)% ZFOo=2 55%9 7IgsES HIHEHUN
(Penaud), 33}, vlola&2n), FAF d & AZojA 78 A
Al 50%, BFAZA= 70%2] MRS HIEJACH(RAIE B),
e AAE B9l 86.5% 7HeSkeS HaH Ax Y=HKim et al.,)
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om JAZA A85E oUAE LHHA] FE A 20 H 4
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O ST WAHEY AE F7He AAHEA] Lass
oA, AAYAEES ol ol 718shE 97145 olesta
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L
851 @71 gl A AES Rols A LESW, FA
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O Ed @ TYwe| AXe] YHES A BAE FY H8 7
9, A U 2YuIES WA ke S flovl, WA AWt &
o FHHE 27) HAUISE LA S L W, fAHE F
£ A4 el 4¢ WA mst gzl Hs) A A
2 2Pt RS PP UI UL

O 7IZol: WAEIZ Fol 7FEEIRS Rolt REE MSIAT H2
o= olixe] 488 TEdte] AU HESEL HoTt WSl
o] olRolA 1 e

B 4-4] TR FX2 TR Ofet ZHE B2

Economic assessment for different pretreatment processes compared to the control*

Set Pretreatment Increase inCHy ~ Saving in H;5 Dewatering, transportation and landfill cost Net saving compared
wst”(5) production (§)  remaval cost (§) Amow of oS () Decrese ncost ) to the control” (§)
1 20 H 1 054 55 54
y Ut 10 1 051 3] -4
y sound g 12 12 052 60 -1
4 4 7 L 0.55 3 78
5 Thermal |43 9 46 054 5 6
6 62 1 45 054 55 45
7 4 10 40 0.5 0 66
8 63 9 42 0.51 63 5
9 8 1 4§ 047 IE 44
10 122 14 28 0.51 63 -7
11 Combined 141 13 M 048 70 -14
12 160 12 49 0.45 78 =11
13 2H 14 46 0.46 75 -85
14 239 13 54 043 8 -89
15 258 15 46 042 85 =112

* Nl results are shown for per ton salid treatment compared (o the control.
® Energy input cost for different pretreatment process.
© Amount of solid after pretreatment and anaerobic digestion.

¢ Net saving compared to control = increase in methane (5) + reduction in H.S remaoval cost + reduction in dewatering, transportation and landfll cost (5] - pretreatment
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50%7F SA = A7 diwol 375U %EV] Aol &%=
H|-go] ¢ ==

O HHHo| &7 asto] Beole &4 42 F7189 10%°] A4

A il REL 788 oHAIE HRAE A & S 7] o
2ol o|A] 3lof Qlo] B7]/dasto] Hls| a¥pAolet &

O Hpo|7tASH F49 WA= A 4714 dAE AR, 48 e=
2 1A 242 93RY AEA EEE sk 7HeEsh
(hydrolysis), A&A B82S tiofst AbdR vjgEo] o5 HEAL
z2ujito g Bofol= APDE dA(acidogenesis), A4AHE L=
24h FEAIC R RE ofNEAN 4R JSfShs otMEAR A4

Al(acetogenesis) 121l vRA|E o2 wgt PAW|PESo] oA
4 9 opA|EAM] wgto 2 HAetE= wehE it A (methanogenesis)
2 &

O 7lrEddA e epalE, ©ild, AW 59 Ed7|dy 284
7184 5°| Hydrolytic bacteria=5¥€l EH|El+= F4(Cellulases,
Proteases, Lipases) 5°l &Jd njA&o] MEHSE T 4= = 2
71k Feel BT, AL oAl S9 G4 1A A
L o] Yol

O &394 Edo] HA BAHIL Fo &84 Edo] A==, &84
2799) 2o} 2go] T2 B vl AYHOR WMILTA Lef &
& dAE dEA &
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........................................................ Complex Polymers
& (Carbohydrates, Fats, Proteins )
0
" 'E
g7 El
5 k| _ ‘
T 2 Fermentative bacteria
3 k-
4l =
T P
q
2 o
Manomers and Oligomers
_________________ S—— WG
(Sugars, Fatty acids, Amino acids)
w
B
¢
E, Fermentative bacteria Fermentative bacteria Fermettative bacteria
3
b
‘ Intermediates
""""""""""""""""""""""" (Volatile Fatty Acids such as
2 propionic acid, butyric acid)
2
9
g Svntrophic acetogens Syntrophic acetogens
[ ]
p |
o o Hydrogen + Carbon
""""""""""""""""" Acelic acid yOoge
’ & dioxide
p - Homoacetogens
4]
L | 2
Ik »
£ £ "‘LL}:'LL il Hydrogenelrophic
e P melbanogens mehanogens
_______________________________________________ Bingas 215
{ mainly methane)
[13 4-8] HIO|R7IA AAL ZX(Chen et al., 2016)

Bojutbde HH XU Clostridia 25-E]
A= lipase©] 2Jste] ZEAME(glycero) 71 AR Klong-chain
fatty acid)o2 Eo[=™ ofNEAL A4t vle|gjoto] oo =4 TE=
oM|EAtCZ H3H

e ZAL



Eel 7EZO] FHE FYUEE Celluloses $AFCR AHEAZ H
Si=]ojof ity F&2 A2 §A40| QJoto] ZEFo R FfEm, o|E
A EofE AEAEES Al2of oot HHE ¥ ol d 55}
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ol s ax(Proteases)o] oJsto] EoEo] FH 0w of
tieAamino acid)& /st AAE obn|iAbZ Alao] HF o]
Qrmol, olitseba, OMHIEAL EEA ZRNLA 502 A4
Ab A DA A AT} obEAMEA o2 ZEE =T, AP
JulAE(acidogenic bacteria)e] FEUYo}, oJAtsletA 7|} B
g olgstol P4 §IAteR WASH Tgolch 4 A4 T
e 7zt olFoldl 849 f71=ol HiEHtsKbeta oxidation)
off ofsf) s 7140k ARAF f7ALOR 2o
OMMEAL BAGA= A A4 TdAE AA AR FU1AE olgteS
44 vigton HekE 4 Qi olEAOR Basls BT 44
2ol ofsiA =4
3789 A gAR gk Aol oS o]foAH FEiFCoR
Methanobacterium, Methanococcus, Methanosarcina, Methanospirillum
o] 4&07 HaHy 9S
ol3fzt utelobSo] HMoR olge & gl /1AL opEAL 4
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Hydrogenotrophic methane production

CO; + 4H2 — CH4 + 2H,0O (1)

Acetoclastic methane production

CH3COOH — CHy4 + CO» )

O F4ofA9] mergS tFE A ZRE oF 70%7F A=, o4

22E °F 30%7F AdET L dEA UAS
O Hgt HARELS FA&7 “E|lv &% pH, 47189 #3l, 47159
TF 2 =4 59 $HE8RI9 JFZ wol worg HHg A

O gvt¥oz wgt PAt2 pH 6.5-7.5°014 Hd 8FES HehH,
S227(30-400) L22A(55C)NA Fde] &84S Uk
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[E 5-1] MY 7t 24 7IE

M Pz
- 7Rs717E 3609 71&
O z|xa]n
AR ey o 129 @ 29 =7t ge
29)
H]
g | WM | U e 204, BRI 5% Z1EE)
AaLPHg | GHSABFALSIA L] 2Hsto] )
NE=L] - A A A ALEE IRV R EAE
SAERH7E AgH]E: z=of| AT
:
i -
H
1
& - 92.19/kW H8(20189 AAH L
SMP 7}2)
e gulj4=Q] HEIA ol ny HEh/d x 8,563keal/n?
<+ 860 kcal/kWh x Z7] A& 0.35
x 92.19/kW
g+ - Y SHKAEFHVE FHE Al 295+
7 CO, WAFY I Ex LA TE
S| COo, #= AtA(HIO] Q7EAE o]83t 7] AYAL whof))
a - CO, HiE k9ol v
3} (ton CO2/kWh 71%)
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53] olFolAL o] U
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% =7t $AARE °l

[Z 5-2] SAERHZIE 48 7I1E

= = iy H| 1
TE S %, w/w 88~84
Z I1FZE (TS %, w/w 12~16
By 1= (VS) %, W/w 11~14.5 o
Az 43o|
TCOD /L 200~250
i of2tg 22,
_ Carbo. 71E SAAE
E}‘/\—‘ = g ~
SHrShE CODJL 100~120 olg
A4k g COD/L 1.0~1.5
714k
OLM| EAF g COD/L 0.1~0.3
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O BA B7Ks ko F/hA e Beto] 1Y

@ wol/v|

op

A9 (Benefit/cost ratio) :

A 717 Bjtel & vlEat & S FAVIRE SISt o]E9
Hl&Z H|Wok= WY, 1 = 1 2ok 2 Fhold A9l Aol &
e

B,
BlC = t; (1+r)
i ¢,
=1 (1+7r)
o171A, B/ C: ‘L‘ﬂ/ﬂlﬁ‘ﬂ]g, t A Zkel A o] =2

C, :t AN BE, r :% A&, n: WA

@ £ dA7FA] (NPV, Net present value) :

Aol 4uhE BE g3} wele FAVHIE Batsle] F wejolA
F U182 W PO, 0 EE (+) 9 FL /A HE FAHel 9
B (-) 9 e 2 = ﬁZiWOl Qe ool

-2q

1—|—7“ t=0

NPV = Z

A7\ A, NPV: 5= A A7}, B, : t A 7kol 4] o] 4=
Gt AN G, r o FAE, 0 YPAS
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28, M8 24 &t

O MM U SASSNY|E WA
O oA AL o2 9008 m3e] S A 4 Y 44

A
Fow BODLF T-No| A7 AAGS 242 163.0 mg/L, 33.5 mg/L

A
I 5-3] skX2|E M7 U U
crcn A AxE P27
= 201049 20124 201449

U 00.000 584,500 595,641 595.062
(m3/2) 200, ' = 9>
(iz/% 163.0 136.3 150.2 173.5
(IE;IL) 335 35.9 36.5 39.1

O WAFHIA A SAEFH7|E2 20174 7IF 315 & 490.9%/4
o|glom o]F 435.9E0] HEujEo] 93t SAEFH7ECIUL U
A 55.082 A 85 W SHAEF W=

O tREY A= Akmst 9 EH|glo] ofgt A&gow A=A 4
7 31.8 &, tj¥ 23.2 Eo7 AN

O £ dFoxe tadGAoNA TAoks SAERHZIES <F 50%<
U 245.5 E/LS 285to] Hpo]Q7kA WA 4o A&
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23 Al AR(E/D)
s 20159 20164 20174¢ H| 1

I 466.3 467.2 490.9

SHA 55

Ayerg 430.1 450.6 435.9 i

49 SAERH7]

apey A7z 11.0 9.1 31.8 %;&g%
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[E 5-5] HIO|RIIA Ll

H}o]| @ 7} A
- SlpEEA] B COD: 30 kg/E (Bt
30,000 mg/L)
- kg CODZ gt Agg = 0.18 m® CHy/kg
COD
S BsEA EG vE B -
ENRY 8.9 0.18 m? CHy/kg COD x 30 kg/Z = 5.4 m’/=
- gk FF 60.0 % 113 Hlo] QIkATF LMY
= 5.4 m® CHy/E + 0.61 (Mgt ) =
8.9 m’/&
- SAEFH7IE B COD : 150 kg/E
- kg CODZ Hgt AgE = 0.3 m® CHy/kg
COD
. CeNERI EY WE Pa - e
s 0.3 m* CHs/kg COD x 150 kg/= = XA
=897 | 738 450 mi/E e
= ZF37

- dEr gF 60.0 % 18] Hlo| QI kAT AHY
= 45.0 m> CHy/E + 0.61 (W&t 3= =
73.8 m*/E
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2973919102 o ] 5%, A 95%= Lperd

O AL ol SAAL AU ek EAMAN], SR A4
UAE mAE BRolold ATEAMY] e 2ES W3] 98 5
SAeg ask 8o FEY AXHE FIste] APHEAR, 2013)
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O FYH&Z ], 7], FAHEH], A=Y 5 Hd7t I
o] AHEE=T £ AFoME 7€ SeAHREY ARE HIEoR
AldH|9] oF 10~15% Bl 2FH8-S ARE(R71/8HA A
E8A1H, 2014)

O 7MIzhl= Wk 2049, AlEH|9] 5%E AFgstalon of=e] A
2Ju]83} ole&E|R] W H[82 HAA] LPAEE HFC R 4AHY

3
i
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o

[£ 5-6] XY 2MS fIgt HIZ M=

& HE7IE

R =

- HIo|Q7FA ZHE I AMY:
= - AFAIZE - 25¢

& - &R 9% - 2,100 £/
- &%k 8% : 52,500 m®

- ASkx FRE AH] A4 ol g
NESLIReS = 0.1674 x 52,500%748 = 55 469 wHut]
(&3kx EE AldH] A, 2R, 2013)

- A1AdH]9] oF 10~15%2 AFY (A28 10%
AF) = 55,469 #RFY x 0.10 = 5,547 #ivh

H-g - 7]& SRRA A 9HE 1

(A1H19] 10%, F7178HAFEoAA] &-8A1d 2014)

- UiTARE 204, FEIHA] 5% Z1S(EAY) =

A7z
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sy | UEEEA A2NE = 72522 Y/E

Aupeg | 0 EEA wER 2778/ x 72,5229/% A
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- oA EHE 21
spsgqy | AEAE =
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