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A Study on Establishment of Technical Guideline of the Installation

and Operation for the Biogas Utilization of Power generation and Stream
- Results of the Precision Monitoring
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ABSTRACT: According to the in social aspects such as population growth, urbanization and industrialization,
development of livestock industry by meat consumption, amount of organic wastes (containing sewage sludge and
food waste, animal manure, etc) has been increased annually in South Korea.

Precise monitoring of 11 organic wastes biogas facilities were conducted. The organic decomposition rate of organic
wastewater was 68.2 % for food wastes, 66.8 % for animal manure and 46.2 % for sewage sludge and 58.8 %
for total organic wastes. As a result of analyzing the biogas characteristics before and after the pretreatment, the
total average of the whole facility was measured to be 560 ppm using iron salts and desulfurization, and decreased
to 40 ppm when the reduction efficiency was above 90 %. Particularly, when iron salt is injected into the digester,
the treatment efficiency is about 93 %, and the average is reduced to 150 ppm. In the case of dehumidification,
the absolute humidity and the relative humidity were analyzed. The dew point temperature of the facility where
the dehumidification facility was well maintained as 14°C, the absolute humidity was 12.6 g/m3, and the relative
humidity was 35 %.

Therefore, it is necessary to compensate for the disadvantages of biogasification facilities of organic waste resources
and optimize utilization of biogas and improve operation of facilities. This study was conducted to optimize biogas
utilization of type of organic waste(containing sewage sludge and food waste, animal manure) through precision

monitoring.
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Fig. 4. Results of moisture contents, FS and VS.(four seasons)
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Table 5. Results of TS, VS and VS removal efficiency(four seasons)

Moistrure TS VS VSITS VS removal rate
(%) (%) (%) (%) (%)
in 89.3(90.1)* 10.7(8.9)* 9.1(7.6)* 84.8(84.8)*
FW/FWL 68.2(76.8)*
out 94.3(97.0)* 5.7(3.0) 3.3(1.8)* 57.5(57.2)*
in 91.4 7.6 7.0 77.5
AM 66.8
out 96.4 3.6 22 60.0
in 95.5 4.5 3.2 70.5
SS 46.2
out 97.2 2.8 1.7 58.8
in 92.2 7.8 6.3 77.6
Avg 58.8
out 95.9 4.1 24 58.5

* AEW in A% 7Y, WESE out : A8LE FF

* FW/FWL : food waste/ food waste leachate, AM : animal manure, SS :

* (00y* DMAIA A9 gk

3.2.2. CODcr ¥ YFAE (4, A, &
T3h)
s}8hd 4HA- Q7 (CODer)2 A& $59 o
Al Fatol] AHE sk dEH 4
A sEolt}. f7]/dHAkdol| whE nio] erk2st A
o] AHAF A& CODer Préi A= Fig. 5.9 &4
ﬂs}oaq SAE/LHSE #Y] Adlels A
Y 147,253 mg/L, = 59,627 mgLZ 59.5 %2
CODcr AAES RIY. 7IEExs 37 ¢
124,520 mg/L, & 61,054 mg/LZ 51.0 %2] CODcr
AAES BAth skrselAe B Y 49,905

250,000

sewage sludge

mg/L 46,743 mgLZ 6.33 %2] CODer AAE

718 E Aol e FHEY 94
= Fig. 6.9} 2T} 2=/ H
AL ThiE 2.7 /100 g (30.7 %), A 0.7 ¢/100 g
(8.0 %), B-<r3E 5.4 g/100 g (61.3 %)= A3
o drlastE fFEdo He g @ud
3.2 g/100g (55.2 %), AH 1.4 g/100 g (24.1 %), B
3= 1.2 g/100 g (20.7 %) 5 AA AT, 75
Bt Y A4S iE 34 ¢/100 g (65.4 %), A
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Fig. 6. Results of organic constituents in biogasification facilities.

A8 AT dr14st2 FEHe] Ht FF e
oz 2.0 g/100 g (54.1 %), A 1.2 g/100 g (32.4
%), B3 0.5 g/100 g (13.5 %) A5 T
FEHAY HE Y e 9l 15 ¢100 ¢
(417 %), A 1.1 g/100 g (30.6 %), B<F3E 1.0
g/100 g (27.8 %)E AT F7|4stx =Y
o] H FUA S TE 1.3 ¢/100 g (59.1 %), Al
W 0.5 /100 g (22.7 %), B3k 0.4 /100 g (18.2
%)E AHAIsHATh
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Fig. 7. Results of VFAs in biogasification facilities.

Table 6. Results of nitrogen and phosphorus in biogasification
facilities(four seasons)

N NH-N P PO,-P
(mgll)  (mglt) (mgl) (mglL)

in 4,489 767 566 376

lf\\NN]i out 5,878 527 2,792 111

ww o 2,172 157 1,265 27

in 5,305 937 2,157 502

AM out 7,034 631 4,030 178

wWwW 5,668 483 2,614 134

in 3,326 856 378 272

SS out 3,122 947 843 121

ww 1,019 221 522 56

in 4,140 832 753 354

Avg out 4,923 720 2,187 126

WW 2,129 196 1,159 50

* AEH in: 43kF FY, MEH out : &3F F ww : B

SR

* FW/FWL : food waste/ food waste leachate, AM : animal manure,
SS : sewage sludge

FABIL A=A Flskr] f3F F8 dApelt) v
of kA kato] A8tz Yo 1R 42
AT, Mg 5 0] Z8kE o] Hpo] 9 7}

3} Aol A Az 2gsp 9opBP
H71E E AAE tid A9 VFAs §55 4
stal #7]= E VFAs 1%4 Z:i‘aﬂ: Flg 7.9 =23}
l

bt 771 B Y 11,535 me/L,
3,641 mg/LE UEFRTE 244 VFAsY| &
H 7Y 16,511 mg/l, = 3,911 mgLZ 7|
A0 Ho 52 @& Bt sk A9

Mol 2
A2 2 297 mg/LE

L XNt o
ﬂﬁr{mrlrw'

|
A4S Fd 7 997 mg/L,
Wk FEAAl VFAsO] F5e B 79 1,259
mg/L, 7% 637 mgLE 7171849 FA R =
e BT
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Table 7. Results of elements contents in biogasification

facilities(four seasons)

CIN

5 16) () ratio

N (%) S (%) O (%)

Fw/ in 447 55 4.4 03 300 105
FWL out 308 40 42 0.8 177 45

in 436 54 4.1 0.6 237 112

AM
out 327 4.0 3.8 1.2 183 89
ss in 363 47 52 1.0 232 76
out 287 3.9 44 1.5 203 67
in 41.0 5.2 4.7 0.7 26.1 9.4

Avg

out 303 4.0 42 12 189 74

* AZH in ;A% 5, A= out : Z 8=
* FW/FWL : food waste/ food waste leachate, AM : animal manure,
SS : sewage sludge

* O(E2)E o) 348 F
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3.3. HO|QUIA BM 2} Nm’CHykgCODer©. 2 25 g 422 7171tk
F71dH Aol WE Fd=7]Ee] o]&4<l
33.1. W7k SR 7k AT AA @Al BAH F£XE
Angelidaki and Sanders (2004)7}*Y A A&+ Table 8. AAE Hitg 7|22 Table 9.9 vlnstth

o 718 o2 He F&e e o2
WSk BATE PSS FPRE 24
e A ol Eks WS 212t v

0.496 Nm’CHy/kgVS, BH3}% 0.415 Nm’CHu/kgVS,
24t 1.014 Nm’CHykgVS©]™, CODer®] 7% 0350

AAAAL E A RS] B, A, BElEe| 3
= HEE A o|EF wert: DS
SAE/SHS #H7]Eo] 0457 Nm'CHukgVs,
0.350Nm’CHykgCODer® R T, 7158y #7]%
©] 0.491 Nm’CHykgVS, 0.350 Nm’CHy/kgCODer, 31

Table 8. Comparison between theoretical and practical methane yield

Methane yield

Methane yield Methane content (%)

Organic constituents Composition formula (Nm3CH JgVS) (Nm3CH4/kgCODcr)
Protein** CsH7Oz 0.496 0.350 50
Carbohydrate (CsH1005)n 0.415 0.350 50
Fat Cs7H10406 1.014 0.350 70
Average - 0.503 0.350 -

* 1. Angelidaki, W. Sanders, Assessment of the anaerobic biodegradability of macropollutants, Reviews in Environmental Science and

Biotechnology, 2004, 3, 117-129.
ol o] AAE NHE A8

Kk

s 2% 0|24 WEk: WATE o] 9728t AMelA HelslE 71 4uA

E HlE-oid 2 B538HE = 0.635 ;0 0.061 : 0.304
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Table 9. Comparison between theoretical and practical methane yield
Qs B vs! CoDcr” Methar;e yield (A) Methsane yield (B)
(%) (mg/L) (Nm’CHa/kgV'S) (Nm°CHa/kgCODcr)
A XA 9.1 157,765 0.207 0.251
FWL e R R - - 0303 (=0.207/0.682)  0.409 (=0.251/0.614)
o] & x? - - 0457 0350
A F XA 7.0 138,489 0.250 0.251
AM 2 Zz)/28 87 - - 0.375 (=0.250/0.668)  0.383 (=0.251/0.655)
o] & 2 - - 0491 0350
A & XA 3.2 70,118 0.199 0.251
SS A Zz)/28 LY - 0.430 (=0.199/0.462)  0.556 (=0.251/0.451)
o] & % 0.501 0350
A ZF A 114,454 0.211 0.251
Arg 2225387 - 0.358 (=0.211/0.588) 0.398 (0.251/0.631)
o] & % - - 0472 0350
) 1795 ZAURUEHP Y AAE BFHo=2 A8
2) Ax 7k 9 B2 (0 C, 171%h) 71F
3) 100 % &3l 7FA ASXE ZAR & FAA (F7]1E5830E VS 58.8 %, CODer 63.1 % 21-8)
) FY BHE ALE AT A
Table 10. Estimation of biogas and methane production by organic wastes inflow rate
oo Al oY 20|41 7&;2%'3* ofer 7&%@‘3* DﬂaEJ%“"Ek
(ton/year) VS (%) (Nm°/year) [CHd] (%) (Nm’/ton) (Nm°CHa/kgVS)
DM 33,091 14.9 3,956,056 63.5 119.6 0.51
GJ 87,600 7.1 5,299,412 54.6 60.5 047
FWL i} 48,910 9.5 4,747,259 63.8 97.1 0.65
SM 156,585 72 13,465,659 56.4 86.0 0.67
Avg 81,547 9.7 6,867,097 59.6 84.2 0.52
M NS 11,250 7.6 389,159” 58.2 34.6 027
Avg 11,250 7.6 389,159 582 34.6 027
BC 734,380 35 9,722,674 61.8 13.2 0.24
o SN 1,417,660 34 24,472,201 66.4 17.3 0.34
GS 167,613 29 2,898,420 65.7 17.3 0.39
Avg 749,710 32 10,056,066 64.2 16.0 0.32
Arg 288,671 6.8 6,540,229 60.8 227 0.20
) 1795 ZAURUEHP Y AHAE o= A8
2) AZAolE &&
3) 3704 wlo] 7k AT
£212)7} 0.501 Nm’CHykgVS, 0.350 Nm’CHy/kgCODer A& VS 7] 0.207 Nm’CHy/kgVS, CODer 7|2
0.251 Nm’CHykgCODer=2 eSO W, Hi {7
ek BFES A2 298 682 % (VS)St 61.4 % (CODenE 288
= 49 0.303 Nm’CHykgVS, 0.409 Nm’CHy/kgCODer
7k~ WAy oltt. 7l H7IE B werks HAR A5X
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= VS 713 0250 Nm’CHu/kgVS, CODer 713 0.251
Nm’CHykgCODer 2 UEE O™, i 7] E2al&
2l 66.8 % (VS)&} 65.5 % (CODer)E A& 7%,
0375 Nm’CHukgVS, 0.383 Nm’CHy/kgCODero]™,
g A H7E B ek A S
VS 715 0.199 Nm’CHukgVS, CODer 713 0.251
Nm’CHykgCODer & UERstO o, Ft 718
2l 462 % (VS)2} 45.1 % (CODcr)S 288 7%
0.430 Nm’CHy/kgVS, 0.556 Nm’CHy/kgCODero] T,

717882 | vto] @723t Al ATt F Y
B B9 @y 2 E vpol ok ade 9431, 1

of M AUE FYF vl ulo] ek YAk
(Nm”/ton)#} VS 8 W EhJ4F2HNm’CHy/kgVs,) S 5
2kske] AMAIE H-S Table 10.9] YERATE 24 &
& H71Ee FUE FYF oiv) vlo] ok
MY EES 842 Nmftono|W, wWEHAIAIEES (.52
Nm'CHy/kgVS, o2 Uehom, 7158 15e] nho] o
T} L 34.6 Nm'/ton©| ™, WEHIAHEL 027
Nm’CHykgVS, SFF&elA] upo] et whyse
16.0 Nm’tono| ™, W&k 212 0,32 Nm’CHy/kgVS,
o2 Yehgt

FAAEARL N e FYE2 7)de] 0|22
etk iyt A el Ae] dAYE $=x) 9}
A7} Hlo] @k WAL B vEPIAYG W mA
Jabgo] hR-R Wl%d FAR fARE Hol gl
. $28/8T5 d71Re) sEntyFo) ol
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=2elE
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3.3.2. 7F2AE $HEH(CH,, CO,, 0,, HoS, NHj)

FNAHAY W nlo] @73} Al Q] Hlo] 97}
2 AR 3 =4 A= Table 11, Table 12.37 2
ot &gtz FokolA S Ht A, SA=/5H
9] 73 CHs 61.7 %, NH; 622.6 ppm, HoS 1,208.6
ppm 2 SAE NN, 7SR =] A9 CHy 65.7 %,
NH; 614.0 ppm, H,S 1,448 ppm, 3l-&e]#2] 74
CH, 65.5 %, NH; 681.3 ppm, HS 3,459 ppmo.& =
A= ATk

93 9 AlG AAE FHoA S Y] Oﬁ%oﬂ
A A Bt A, S =252 -9 CH; 60.
%, NH; 393.02 ppm, HoS 722.6 ppmO-Z = oﬂmﬁ
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74%- CH, 61.75 %, NH; 7 ppm, HoS 16.5
ppm, 3FFEE1A9] 79 CHy 69.35 %, NH; 325.0
ppm, H:S 629.75 ppm .= SH =T}

A8 Falrdo) bRy o= 28 9l Al
o T 9 &I WE o7t F A= E1I
Hlom, 4%tz S SN HAFEY 757
me}t Falrdo] w5271 & Aol Uil vk
DM, JJ, JE, SN AldelA= Astzd A4 9SS
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* AD : after digester, BG : before generator
Fig. 9. Measurement of H>S in biogas by AD and BG point.

Table 11. Measurement of biogas by organic waste type in

after digester

Treatment Facilt CHs CO» (0)) NH3 H.S
materials Yo%) %) (%) (pom)  (ppm)

DM 640 386 02 1360 194.0
A 662 357 02 5.0 56.0

FWFWL  GI 541 447 02 over 2381.0
Cl 620 384 03 over 1775.0

SM 622 382 02 9720 1637.0

Avg 617 391 02 6226 12086

JE 634 352 05 2280 550

AM
NS 68.0 2538 1.0 over 2841.0
Avg 657 305 08 6140 1448.0
BC 633 366 02 600.0 1334.0

SN 657 320 02 1250 1950

55 AS 673  29.7 0.6 over over
GS 65.7 348 0.2 over 2307.0

Avg 655 333 03 681.3 3459.0
* 2] I over)e] A9 4 HuIFQ! NH; : 1,000 ppm,

HoS : 10,000 ppmo.& /‘47‘4
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Table 12. Measurement of biogas by organic waste type

in before generator

84.4 %, NSA|A

Treatment Failty CHy CO;, O NH3 H,S
materials (%) (%) (%) (ppm)  (ppm)
DM 635 377 02 1.1 170.0
I 65.7 356 03 0.0 2.0
FW/FWL  GJ 546 38.1 20 over 2130.0
cl 63.8 386 0.2 727.0  1056.0
SM 564 351 2.0 2370 2550
Avg 60.8 370 09 393.0 722.6
AM JE 653 363 03 14.0 31.0
NS 582 251 14 0.0 2.0
Avg 61.8 30.7 09 7.0 16.5
BC 61.8 363 02 273.0 428.0
SN 664 319 03 13.0 17.0
55 AS - - - 14.0 20.0
GS 65.7 347 02 over  2054.0
Avg 64.6 343 0.2 325.0 629.8
* 2 Z3Hover)d] A9 =4 HHEkel NH; : 1,000 ppm,

S : 10,000 ppmoE “Z*
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Table 13. Measurement of moisture of biogas by organic waste type in after digester

Treatment materials ~ Facilty ~dew point tem. (‘Ctd) adsolute humidity (g/m®) relative humidity (%)  temperature (C)
DM 232 20.1 61.4 31.5
Al 31.1 323 99.8 31.1
FW/FWL Gl 26.2 24.7 93.8 272
CJ 29.4 29.2 81.9 329
SM 242 219 77.6 28.7
Avg 26.8 25.7 82.9 30.3
AM JE 26.8 24.8 65.3 342
NS 30.5 31.3 100.0 30.5
Avg 28.7 28.0 82.7 324
BC 20.6 17.5 62.9 28.3
SN 26.3 24.8 84.2 29.3
55 AS 26.9 25.0 87.1 29.2
GS 252 232 74.6 30.2
Avg 24.8 22.6 772 29.3
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Table 14. Measurement of moisture of biogas by organic waste type in before generator

Treatment materials  Facility

dew point tem. (*Ctd) absolute humidity (g/m) relative humidity (%)

o

temperature (C)

DM 17.5 14.2 35.1 353

JJ 294 29.6 994 29.5

FW/FWL GJ 20.1 29.1 96.9 29.7

CJ 7.5 7.4 21.3 324

SM 14.4 11.9 44.6 27.5

Avg 19.6 18.4 59.5 30.9

AM JE 14.7 11.7 23.6 39.3

NS 18.1 14.9 49.9 29.7

Avg 16.4 13.3 36.7 34.5

BC 254 23.6 84.1 28.4

SN 28.0 27.1 83.8 31.1

55 AS 23.3 22.8 722 28.8

GS 28.0 27.1 83.8 31.1

Avg 26.2 25.1 81.0 29.9
el RIS AUEE 255 gm’ oA AXE
. mAD DOBG T 12,0 gm’ O 2 9F 51.1 % ST, AUEES
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* AD : after digester, BG : before generator
Fig. 10. Measurement of absolute humidity of biogas in
AD and BG point.
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Fig. 11. Absolute humidity and relative humidity from pre-treatment process.
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Fig. 12. Criterion by absolute humidity and relative humidity.
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Fig. 13. Results of taxonomic assignment(bacteria) in CJ facility.
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Fig. 14. Results of taxonomic assignment(bacteria) in SM facility.
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Fig. 15. Results of taxonomic assignment(bacteria) in NS facility.
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