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ABSTRACT: Biogasification is a technology that produces environmentally friendly fuel using methane gas generated in
the process of stably decomposing and processing organic waste. Biogasification is the most used method for energy conversion
of organic waste with high moisture content, and is a useful method for organic waste treatment following the prohibition
of direct landfill (2005) and marine dumping (2013). Due to African Swine Fever (ASF), which recently occurred in Korea,
recycling of wet feed is prohibited, and consumers such as dry feed and compost are negatively recognized, making it difficult
to treat food waste. Accordingly, biogasification is attracting more attention for the treatment and recycling of food waste.
Korea's energy consumption amounted to 268.41 106toe, ranking 9th in the world. However, it is an energy-poor country
that depends on foreign imports for about 95.8% of its energy supply. Therefore, in Korea, the Renewable Energy Portfolio
Standard (RPS) is being introduced. The domestic RPS system sets the weight of the new and renewable energy certificate
(REC, Renewable energy certificate) of waste energy lower than that of other renewable energy. Therefore, an additional
incentive system is required for the activation of waste-to-energy.

In this study, the operation of an anaerobic digester that treats food waste, food waste Leachate and various organic wastes
was confirmed. It was intended to be used as basic data for preparing the waste-to-energy incentive system through precise
monitoring for a certain period of time. Four sites that produce biogas from organic waste and use them for power generation
and heavy gas were selected as target facilities, and field surveys and sampling were conducted. Basic properties analysis
was performed on the influent sample of organic waste and the effluent sample according to the treatment process. As
a result of the analysis of the properties, the total solids of the digester influent was an average of 12.11%, and the volatile
solids of the total solids were confirmed to be 85.86%. BOD and CODcr removal rates were 60.8% and 64.8%.
The volatile fatty acids in the influent averaged 55,716 mg/L. It can be confirmed that most of the volatile fatty acids
were decomposed and removed with an average reduction rate of 92.3% after anaerobic digestion.

Keywords: Anaerobic digestion, Biogas, Food waste, Volatile fatty acids (VFAs), Incentive system

8 A3 HARoNAR AT HE-9) Y (Researcher, Waste-to-Energy Research Division, National Institute of Environmental
Research)

b ZeystA7s AU AT 7 (Director, Waste-to-Energy Research Division, National Institute of Environmental
Research)

¢ =ZHsdnst wrkdoui| a7} ¢ Senior Researcher, Waste-to-Energy Research Division, National Institute of Environmental
Research)

1 Corresponding author(e-mail: dongj7@korea.kr)



68 HES}, 238ld, 04, 0|53

521 ARE Aitshs 7otk vlo| ertkst=

& nlo] rtxsle A7 H7 =S SHF 0 E Falfste] A Elshe AR oA A EE WRHCH,) & o] 831
Q T 2 A718H7EY duAIstel 7Hd gol

= e, Al g2005) H Al FF71(2013) T8 A0 WE Fr18H & Al 783 sHolt A
ol A 283k o} )71 X B (ASF, African Swine Fever)o 2 &2AL73} A|&-go] FA 1, Ax A58}
g EH|E} To AAlE T FAF o R QA HHA

SAERA ) Aol i &2 A3 ek olol,

SAEFRHZESY A 2 AYstE 918 vlolrt2s) & FEUA Qlth
Lt} oA AH] FEE 26841 10%co]] o]2H A|A 99 o). AT FFolldR 9] 2F 958 %S siL]5Yoll

ojEstAL e oA Wl F7tolth. whahA ol A

portfolio standard)S =3+ Ut} =] RPS A==

A F5<AZA(REC, Renewable energy certificate)2] 7153

93t 2714 QAlE B A= 2 Eh

2 ATolNE AERAE, 295 R OIR #1497 80 ATHE Frlasz 3
AE| BA =S nfdsls 722524 &838taat it #7143
=i

2 717 AUEUE PS8l HAdeAA] <l

= Al - QAo R F-F 2] F3}HA| =(RPS, Renewable energy
& AAA A o Hlwste] F7]EeluA]e] Al - Aol
£ 9 ARk ik webs Hxbdoli x| o] &43E

o
Mo
of
o
1>
o

o

©
o)
T
2

H7|EZ ulo] 7t2E Aikste] BRI FAVAE 83hs A OPIAAER AR, A F ASA
FHE AABIATE AHE F718H71ES] FUE AR AYI3Ad WE FEFE AR V& AFEAS T8k
ok AAEA A3 43tx FUES F IFELS H 7 1211 %olH, F 1FE F 3P4 1HEL 8586 %
1= AT} BODS}F CODer A A& 43120 ¢ - 72 vl 22 60.8 %2t 64.8 %= UEISH, F4=9]

7}
A A RS B 55716 mg/LE UERGOH, #7435 & 7hAa

o o1z
AL AT 5 Aok

FH0f: FV1g4s] HIOIRIIA, SAZRUVIE, FIYHR

.M &

Hlo] @ 7t 2~sk= 3714 A3 Fal wiEo]
H vpe| Q7k2E HAkee Ve T, Y
o] oJA|Q 3} vl Eo] A ANHA = Zgd
o} vpo] @7t RG] & fUIAHE
9] oA &e] 7 wol| &&= ol 2wl
A(2005) B 3|SFF71(2013) 59 A W= F7]
AH71E Aol 83 FHolth) e vlol
7t2sb= A A, &9 5o ARl sl Bt
P& AX F71887E A @ vlo] ek~ A
2k b3t dAlo] HJEA T 2 oA iy
3t o} )71+ X B H(ASF, African Swine Fever) &
FAAESE AEgo] FAHI, Hdx AR Y F
H|3} 5o ArAF X7t Y202 QA=A
Al FAEFEHIESY Al oS AL Uth
olof, SA=FH7IES] Ay 9 U= 93l vt
0| 7}23r} BS FENkT Qi)

S-gue} oA Zn] FFEE 26841 10%oed]] ©]

RloR oy
0 ¥ off oo

J. of KORRA, 29(4), 2021

Mo J
o
o
EY
O
IS
W
°
b
=
1o
AL
ML
:C‘>L_l‘
i,
2
N
M
i,

|YLH(VFAs), QIHE[EAIE

2 AA 99 FFolth?) sHARE FFoluR| oF
95.8 %E a2l &L e oA W =
Zholtk? whbA] Ifjellxle 4l - AR 58 2
aff mid Aafxl vleTEe] AAYAAAE o520
2 FEeles sk Al - APelUA] Fwol 73
Z(RPS, Renewable energy portfolio standard)E =3}
aL St} RPSAI=C] e FwolFAks Al - Aol
A FFR/ASAIREC, Renewable energy certificate) S -]
st oF-FF TS F3L T AUtk REC EH7]IE2
AETFFMWh)oll 7HAE &3 atolm, w2
A7} o)g) A Z 02 | REC AlE Al ©]3841%] 1 MWh
2 A 7R AP SRR 1A A
AYNIA FEolFeAE Bl A8 EelFeiAl=
e - FAF ol Wt 7} o AHs 485 o
A= At FHA = H7EAUAE o] &3
Aol thete] #HrEA AN FTHHoE A
AH AR Qsh= APl o], FH7EelHA
o] FojH 715%(0.25~1.00= El93(0.5~1.6)°1) 5
(12~2.5) & ©& Aol vlste] A3 e



77| SHRHAO L A] QUAEIEAE =t HH(): Bio|2rtAst YUZLIEY 69

Ark. b H2L | o] 248kE 913 5714 2. SIS QU by
QIME| BA| =7} & 7T}
B A ME g7 EoA )28 HAY 21 CHARAA

o=l o] ClMEIBAE ©1& Y3 o] e7}~3}
AAde] gtz Oigk 7|2As 3 2 s
< Fotatih HAAAUA] F vlo]| ot AE &
sk o 2e ~-(FolyA), WA, FE7k~ L
A2 FEHM, 4 34 g Aol SAgH
o} AR AL Hlo)| 2 7t AE AYAlste] WA T =2
7t2 E83kE AE ARSI, A E
ANEAHAE AAEATE AHE F714H71E9
AE A5} Aol I fFrE= A8 7%
NS Fds o 388 AYEUEE S B3l
ANAE| BA| =2 7| Z2A g2 &83laA) 3t}

F71 43tE T8l A vio| ko] F8-5
Brrstal, QA BAES] 7| 248 E gRE7] 9
3 thEA A S ARSI AL o] FgA o),
S W B FHVFRE 97
A F, B718AS =z A S2ERE
71%(5'5% %Eﬂ#), VR 5 UE e e
Agsh= 47145 AT tidAde] 7l 8+ Table
13} 2t

IE O}ﬂl

(o]

oX, :(0

o

2.2, HYURLEY

el BURUE YL Fig 13 o] 481
- % Ao, gelojel, el B
3} 23 zol 4 AL Bho] 97}m0] B4 AA

O

& o

[ 2o aamm mae |

--Du

IIASE

CrIadaEY ¢zl

=23s=E

—

O

=

[} (LIEKII#I “21%1)
& Ergl/EASS 1~ 0|2E2H
. ). ﬂlw—x‘lﬂtﬁ :ﬁ
J J:l
1. 231 fY 2, £§}£ 5= 4. E‘EI01°" 5. gAIXE|F=

Fig. 1. Sampling points for estimating the mass balance of biogasfication upgrading facility.

Table 1. Outline of Biogasification Upgrading Facilities in the Field Investigation

Mixing ratio Design capacity

No. Facility Treatment materials’ (%) (ton/d) Utilization
1 DM FW 100% 92.8 Electricity
2 CJ FWL 100% 1443 Electricity
3 GY FW, FWL, AM 69%, 29%, 2% 183.8 Biogas™
4 DJ FW, FWL 50%, 50% 3283 Biogas™

* FW: Food Wastes, FWL: Food Waste Leachate , LM: Livestock Manure,
** Biogas: External supply
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Table 2. Analysis Condition of HPLC

515, FS(%) = TS(%) — VS(%)

2.2.3. BOD, CODcr, Z2~(TN, NH;-N), I(TP)
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(HFaE47], Leco Co. 628 series, 2012).

Operation

Conditions note

Analytical column
Oven temp. (C)
Mobile phase (M)
Flow rate (ml/min)

Detection UV range (nm)

Aminex HPX-87H
50
0.05 Sulfuric acid
0.6
210

Isocratic condition

J. of KORRA, 29(4), 2021



77 SH AL R| QHEIEAE =

Qlurot od71()): HIO|QItASE HAUDL|E{E 7

3.1. =l HO|2UtA it 2 0l dE

=

rol
otoh

201795 =W f718HA oA vto] 7t ~E A
2. o] 83= AL F RN SAEFIAVES
Ha 21704, 7 T4, skrselAl 35704, &
gt g] 357 40]t}k. 20170 % Blo] Q7}~3} Ao
A 718 HA Al d e 2E F 23,421 HEA
o2 ZAENOH, SAERAVIE 1,218 HE,
TR 152 JEA, SEA 12,150 HEM,
{3k E] 9,901 HEMoZ A2 H AT

o] @ 7k AL Fig. 294 2o] wid S718t
= FAlolH, A AMgol 71 B Ao FE UE
Wtk ole 71871 =2] PP AR A9 o Fo
U A7 298 7S ¢ Aok B3 $E7E,
a4stet e Q)FFge] FUHEC] 7MY A UE
wom, el U7 7P evkekAl UEbsith
&85 JA7tadFe gARl 7k o) g %
o2 Ha} gashs FAoth?

Table 3¢ H}o] @7k o] &&-S UERHRITE Hlo]
Q7}2=9] o] 8- kA, &R-F, AAo] 80 R o] 8F
2 A2kEF 321,062 Hm’/ A2 83.5 %ol ©]2+& 268,027
Aot} v|Eg 7hawd 53,034 Zm’d-S v
22 AP EHIA o= A, 7]l YRleE <l
&l ErEsHA WA AU A1 Zgu] Al HAlsh=
of ulo] Q7FAE T A4 A0 2 UEith 82
ERTEVIES] vlo] 2712~ AL Hlo] @7k 9 FF
H(EA7IE B IFZs}) ol8 ¥lFe] 393 %= 7t
2 =kou, nEg o A A HE o] ks

oS

1

|

o] B]Fo] 288 %E HARUF| o|-& BAS} Wko]
a7¢r?

W
w
ox
ng
H
r~
m
o
>
nx
N
P
M
iz
ny
i)

33.1. AHRE 9 /U1E EAlE
AN A 3 A s 4
of BASHATE =l et T TFE(TS)> Ht
12.11 %o |H, A TFE(VS) & HF 1040 %= LIE}
Wt FUE] F IFE T IAHIFEC] 85.86 %=
UEePT) Fig. 38 IEAHTPE 7|08 U B

350,000
300,000
250,000
200,000
150,000
100,000

50,000

o]

Produccion of Biogas (1000m?/year

2014 2015 2016 2017

Electricity External supply B Self-use Unused

Fig. 2. Biogas usage by year.

Table 3. Biogas Production and Utilization from Organic Waste(2017)%

(Unit: 1,000m’/year)

' Usage

120 CFOEI A TE S Production Type of uasge U.nuseq

resources Total (Incineration)
Electricity External supply Self-use
Food waste 97,381 75,691 18,388 38,254 19,049 21,690
Manure 1,545 1,456 1,451 - 5 89

Sewage sludge 105,383 87,122 12,514 29,346 45,262 18,261

Combined 116,753 103,758 23,486 33,003 47,269 12,994

Total 321,062 268,027 55,839 100,603 111,585 53,034

(100%) (83.5%) (17.4%) (31.3%) (34.8%) (16.5%)
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Table 4. Outline of Biogasification Facilities
(Unit: Nm’/day)
Type of Usage
Facility Usage Production Unused Used Electricity Biogas
(KW/day) (Nm®/day)
DM 11,964 1,410 8,817 15,348 -
(@) Electricity 12,766 997 5,293 10,017 -
GY 19,522 5,344 14,177 - 14,177
DJ Biogas® 30,933 5,298 24,935 - 24,935
* Biogas: External supply
Table 5. Results of Moisture and Solids Contents
Gl Moisture TS FS VS VSITS
(%) (%) (%) (%) (%)
in 83.02 16.98 2.40 14.57 85.71
out 82.83 17.17 7.42 9.75 56.78
DM cake 72.55 27.45 12.22 15.23 55.66
cw 97.99 2.01 1.06 0.95 46.16
WW 97.92 2.08 1.97 0.10 5.11
in 92.10 7.90 1.12 6.78 85.79
out 97.44 2.56 1.05 1.51 59.13
GY cake 76.50 23.50 7.42 16.09 68.68
cw 98.52 1.48 0.75 0.73 48.98
WwWwW 99.30 0.70 0.62 0.07 9.94
in 88.88 11.12 1.55 9.57 86.05
out 96.38 3.62 1.44 2.18 60.13
CJ cake 82.74 17.26 3.89 13.38 77.71
cwW 98.01 1.99 1.05 0.94 40.66
WW 99.27 0.73 0.59 0.14 19.92
in 87.58 12.42 1.75 10.68 85.87
out 96.37 3.63 1.56 2.06 56.88
DJ cake 75.40 24.60 9.80 14.81 60.31
cwW 97.54 2.46 1.09 1.37 55.82
ww 98.89 1.11 0.89 0.21 18.14
A in 87.89 12.11 1.71 10.40 85.86
Bt out 93.25 6.75 2.87 3.88 58.23

* in: Organic wastes inflow, out: Organic waste outflow, cake: Digestive tank cake,

cw: Spernatant liquid, ww: Waste water

J. of KORRA, 29(4), 2021
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Table 6. Concentration of BOD and COD, in Biogasification
Facilities

Sample BOD COD¢
in 54,301 156,967
out 27,757 100,202
DM cake 91,597 237,813
cw 6,900 20,937
ww 224 1,040
in 46,665 107,867
out 15,131 16,347
GY cake 22,822 145,606
cwW 6,608 16,853
WW 323 871
in 60,824 153,278
out 17,974 51,805
Cl cake 67,366 180,939
cw 10,721 28,911
WW 310 1,311
in 54,483 220,183
out 23,846 56,497
DJ cake 43,454 113,831
cwW 10,848 34,243
WW 954 4,103

* in: Organic wastes inflow, out: Organic waste outflow, cake: Digestive
tank cake,
cw: supernatant liquid, ww: waste water

mMoisture (%2) ®FS (%2 OWVS (%

o]q d3 /\])\—I/] 001%‘4 O =1 o "‘)fﬁ’j' 7§54_’ BOD
9} CODere] A1A-8-2 Fig. 59l YERASITE BOD2] A
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3tz Yol 15 s=g A9 9ol pHel wet
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Fig. 5. Removal efficiency of BOD and COD
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Table 7. Nitrogen and Phosphorus Contents of Biogasification Facilities

AT} SEAIE 4,000 mg/L ©1/d2] VFAs & HEF<]
52 Aslste] 2317 wehiAgd-S AASHA Hck™
Table 8-11°] AEE VFAs 24232 Yehick A
w0z 71go] fdsls f718H71ES] VFAs

N NH3-N TP
Facility (mglL) (mglL) (mg/L)
in out in out in out
DM 5,817 11,101 473 3,782 966 1,121
GY 3,867 6,381 414 1,829 547 993
(@) 4,864 5913 470 3,161 590 348
DJ 4,822 6,446 562 3,360 709 201
Average 4,843 7,460 480 3,033 703 666
Table 8. Results of VFAs on Winter
T T N R S
DM In 22,604 6,601 5,134 0 1,806 36,145
Out 72 157 259 0 0 488
In 22914 2,825 1,323 0 0 27,062
oY Out 0 1,839 149 0 0 1,988
Table 9. Results of VFAs on Spring
oy S o gyl b oo
In 21,509 4,042 2,848 0 0 28,399
DM Out 10,604 796 0 0 0 11,400
In 41,811 5,779 2,007 0 0 49,597
oY Out 2,403 1,896 0 0 0 4,299
In 19,835 4,070 2,398 0 0 26,303
o Out 193 1,998 0 0 0 2,191
. In 35,477 52,019 0 0 0 87,496
Out 79 945 2,455 0 0 3,479
Table 10. Results of VFAs on Summer
Raclity Smple Lactic Acetic Propionic Iso-butyric Butyric Total
(mglL) (mglL) (mg/L) (mg/L) (mg/L) (mg/L)
DM In 32,223 5,297 3,970 0 0 41,490
Out 80 0 0 0 0 80
In 23,375 6,682 0 0 0 30,057
oY Out 0 1,530 0 0 0 1,530
In 37,149 5,970 3,377 686 0 47,182
d Out 0 953 0 0 0 953
In 37,443 6,132 3,676 0 0 47,251
D! Out 0 0 2,707 1,140 0 3,847

J. of KORRA, 29(4), 2021
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Table 11. Results of VFAs on Fall

Faility Sample Lactic Acetic Propionic Iso-butyric Butyric Total

(mglL) (mgll) (mg/L) (mg/L) (mg/L) (mg/L)

DM In 56,288 8,835 6,388 2,710 0 74,721

Out 577 656 0 0 0 1,233

Gy In 2,807 40,222 0 1,182 6,329 50,540

Out 0 4,905 0 0 0 4,905

In 70,964 18,831 6,503 926 0 97,224

d Out 0 3,803 1,106 0 0 4,909

In 87,132 13,446 7,864 1,183 0 109,625

p! Out 253 1,365 6,158 2,238 0 10,014
T2t =4 YElt) Fig. 65 @714 A8t & 12.00
VFAs 7283 Uehi Ao s AURYEY A9 10.00
VFAs 488 He 932 %02 UEhstth o 30

) 2in
33.5. d& g "S‘ 400 Hout

Fig. 7+ AUEUEY A9 A48 FHE 200
tebd Blolth, YA S B3 AIE B Ba 0.00

FFe A3tz 79 45.08 %, A3FF = 30.69 %
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Fig. 6. VFAs removal efficiency in biogasification facilities.
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Fig. 7. Results of elemental contents.
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Fig. 8. Results of C/N ratio in biogasifiction facilities.

4. 2 &

(& oA o] SRFEER oI A E&L Ikl
A0, JUALEE Y37 9I5tol

S, olUA5H, AAA EAsT ARE
P AL SHERINE, SU S8
WNYLBE olgdte] B
AR ST AR A Aol A Alake v
ol @k WAl 2N Ash FATPAR A B
93 glek B =R oA de] AUEU e
2 Fato] 29 Brhoh oUIAFA B BAGA 24
o £FHE NZAR TS A% FUR, 2R

Nz P4 BAE SYRAG. AR Tt 2

=

AL
ol
rr

N
f

1. =Y ¢ nlo] 723} AL 2017 7
987H 42, Hlo| @72 AibeFo] &M o= F

F71E4-4s), 29(4), 2021



76 HES}, 238ld, 04, 0|53

J. of KORRA, 29(4),

7tk FAlolth vho] @7t ~3) Al ] P
S AARE A4t vRo] @7F2~9] o] o]
o}z mlgate] XA AakeEe] 16.5 %<1 53,034
Am’/d(2017)0ll E3h= npo| erfxr) v g
PAZFAE T a4 A EHATE ARG ol
A 11%78&“% E3) unlo] ot 4k A3}
£ A% JAAE BAIE] nfHo] F sttt

2. ‘?J_J%Ei A3, g A FhE T Y
2 Ht 1211 %olH, T 18 = 5 34
=0l 85.86 %= UEIRTE thEAIAES] {7

l—J

B Eofl&2 Wt 7838 %= YERSTE BOD}
CODer AAEL &8kx2] 54 - 7= oivl 242+

60.8 %2} 64.8 %= UrEP)'OU% B2E iiﬂll%‘!
< ARl AAAZFAAME TR
FRISIAT F dae 9‘371*3# k&l «lsH 2
3tz29] 9 - F Bl B 541 % S7HE
< YERSISH
3. A 7Y
Ak Gt

71**&4171%91 3
55,716 mg/LE ERs

Hi 923 %2 EH
@:ﬂ]- ]‘6]- olq_ _I,]tﬂ—/\-];(]
Hol| 7V A YEbT &
AEE= F71A4H 7152 ONBIE 9.992 LFERSE
__1:::] _,__§].Z 001‘3_,,} 07—‘3_/] E]-/\-GI-ELQ. 7L
ZF 45.08 %2t 30.69 %= LHERSLTE

o

7

_—

r—llI ot

[

==

AL At
2 =5 3R Aldes el
A& wro} 338 FHTH(NIER-2019-01-01-80)

2021

References

Ministry of Trade, Industry and Energy, ‘New&
renewable energy white paper”. (2020).
Ministry of Environmen, “‘Current status of biogasification

facilities for organic waste resources”. (2017).

3. World Energy Balances, IEA. (2016).

10.

11.

12.

Korea Energy Handbook, Korea energy management
corporation p. 17. (2015).

Sa, L., Oliveira, M. Cammarota, M. Matos,
Leitao, A. V. “Simultaneous analysis of carbohydrates
and volatile fatty acids by HPLC for monitoring

and

fermentative biohydrogen production”, international
journal of hydrogen energy, pp. 15177~15186. (2011).
Khanal, S. K., Anaerobic biotechnology for bioenergy
production principles and applications, Wiley-
Blackwell, pp. 56~57. (2008).

Chen, Y. J. and Cheng, K.S., “Creamer, Inhibition
of anaerobic digestion process: a review”, Journal
of Bioresource Technology, 99, pp. 4044~4064. (2008).
Hong-Wei, Y. and Brune, D.E.,“Anaerobic co-
digestion of algal sludge and waste paper to produce
methane”, Journal of Bioresource Technology, 98(1),
pp. 130~134. (2007).
Siegert, 1., and Banks, C.,

fatty acid additions on the anaerobic digestion of

“The effect of volatile

cellulose and glucose in batch reactors”. (2005).
National Biogas Strategy(Energigas Sverige), “National
Biogas Strategy 2.0”. (2018).

Korea Gas Safety Corporation, Research on the
“Establishment plan of proper quality standard of
alternative natural gas for the generation of electricity,
Korea”. (2010).

EBA, “European biomethane map infrastructure
for biomethane production 2018”. (2018).



