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A study on the introduction of organic waste-to-energy incentive
system(II): material and energy balance of biogasification
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ABSTRACT: In this study, to use as basic data for the organic waste resource energy incentive system, the energy efficiency
is evaluated through the mass balance and energy balance calculation results of the anaerobic digester where food waste,
food waste leachate and various organic wastes are treated. As a result of the mass balance analysis for 11 biogasification
facilities, it was confirmed that 21.1% of process water and 25.7% of tap water were input in large amounts, excluding
organic waste. Accordingly, it accounted for 87.6% of the total effluent of linked treated water. In addition, considering
that 15.7% of the total input volume is converted to biogas and the average total solids (TS) is 22%, an average material
conversion rate of 75% was confirmed. As a result of the energy balance analysis, the energy conversion rate was confirmed
to be 78.5% on average by analyzing the biogas calorific value compared to the potential energy of the influent. The
average biogas production efficiency including external energy sources for biogas production was 69.4%, and the biogas
plant efficiency to which unused effluent energy was applied was 58.9% on average.

Keywords: Anaerobic digestion, Biogas, Food waste, Material balance, Energy balance, Incentive system
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Fig. 1. Mass balance diagram of biogasification facilities.
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Fig. 2. Method for calculating biogas production.
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Fig. 4. Energy balance analysis model.
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Table 1. Outline of Energy Balance Analysis Calculation

(Unit: kcal/kg)

Criteria High heating value
Inflow Digester Inflow 4,795
(A) Average DM Inflow 4,654
GY Inflow 4,647
CJ Inflow 4,967
DJ Inflow 4,910
Outflow Biogas average 5,897
B Digestive tank cake average 3,205
Supernatant liquid average 2,076
Waste water average 507
3. 22t 9 a3 3.2, 2354 24 Z3
- 321, EEFA 24 FYE AH
g EEA £4 7t Ao BEYEE §7)4H7) B 259} Hkgl
w@ Tl AR ISR the= @ oo Amsigion), 7 Aade) Aln) B4 we} F
BAZARE AAIBIRTE ASAIA 1, G, IC, BNe| @7 R Aao] 4918 stolaigin), UnkA oz 84
ZAE ATAT ] o) AP E duA|as 2 Al BEE77)5] Axe(FE - Y2 9ste] T4
ElH(h= Agst] sl =T AFZAE § J) =9, py Ao Ao ZAS YAl Sujsa
3 E A 2B AR 20181 FS 7B E AR 9SS gAEATh ZASE 48z 995 o]
Aem, Alde] £F ARl wEt AR ZAEHAT W g Eglon, AAsE AR A=t
el BREAL ARk DFE Table 200 RIS gpbzeiA)v) B)EE vY A S SAERAVE
Table 2. Results of Biogasification Facilities in the Field Investigation
Amount of Amount of
Facility Treatment materials*  Type of digester Inflow waste biogas production Utilization**
(ton/day) (m®/day)
DM Fw Dry 92.8 11,964.0 Electricity
NS FW+FWLA+LM Dry + Wet 181.5 8,693.9 Electricity
CJ FWL Wet 144.3 12,519.8 Electricity
1 FW+FWL Wet 289.7 34,706.5 Electricity
oS FW+LM Wet 120.3 9,346.3 Steam
GJ FW+FWL Wet 2413 11,040.8 Steam
GY FW+FWL+LM Wet 183.8 16,813.1 Biogas
DJ FW+FWL Wet 328.3 30,933.2 Biogas
YY FW+SS Wet 1,196.9 28,007.1 Biogas
IC FWL Wet 436.3 37,647.9 Biogas
BN FW Wet 18.2 2,564.4 Biogas

* FW: Food Waste, FWL: Food Waste Leachate, * LM : Livestock Manure , * SS : Sewage Sludge,

** Biogas: External supply

% Operation period(All facility): 2018. 01. 01. ~ 12. 31.(365 days), exception(DM: 92 days, JJ: 140 days)

J. of KORRA, 29(4), 2021



T/ SHALA AR QIMEEAE =Rt H(11): Bo|R7tAsE S3 - 0| R[4 81
o] AXFE 93 FALV) BEYEGon, 513 AH], EH] Fo] HiEH= AR 21 & 4 AT
o] =2 strgEAle] g o] A3 Fd A AH SHTF =02 BEe AES J3tEol
A2 FYHATS A8 Table 32 Hlol2 Aol WA A okar, AAA G thal AuE B
7428t N e] E-FAE AR FrdEloly 23E v e AR R SRS Ads)
ERf AT = A T 1% Gl AL SAERIAVIES &8tz
Fred AtelA] gdte] g S ES AQT 21
322. #8A £4 %%% s T a3kl FUshs 28 AASHAT Table 4=
Hlo| 97} 8} A o] §EEL Hlo| 9 b Hlole  HFOleTRAE Al E-FAE 97 frEH0H
b ) R WRE, 23R 9ol gl ANE HERAIT:
oA, ATz EFSFASH, Ao EA et
Table 3. Input Data for Estimating Mass Balance of Biogasification Facilities
Inflow
Facility (ton/day) TC(’EL /L';ﬂy‘;w
FW FWL LM SS process water tap water
DM 92.8 - - - - 88.2 181.0
NS 16.6 31.1 133.7 - 0.1 - 181.6
CJ - 144.2 - - 23.6 229 190.8
1 215.8 73.9 - - 180.8 93.1 563.5
(O 82.0 - 383 - 91.6 - 211.8
GJ 241.3 - - - 20.9 342 296.5
GY 127.0 52.6 4.2 - 147.0 134.5 465.3
DJ 161.9 166.4 - - - 152.4 480.7
YY 183.4 - - 1,013.5 125.9 - 1,322.8
IC - 436.3 - - - 155.8 592.0
BN 18.2 - - - 14.6 30.2 62.9

* FW: Food Waste, FWL: Food Waste Leachate, * LM : Livestock Manure , * SS : Sewage Sludge,

Table 4. Output Data for Estimating Mass Balance of Biogasification Facilities

Outflow (ton/day)

Total outflow

e L v el L
DM 14.2 0.5 9.3 6.7 1504 - - 181.0
NS 9.9 03 0.6 4.7 - - 166.0 181.6
al 14.5 0.5 - 83 167.6 - - 190.8
) 40.6 1.4 15.6 8.8 398.8 98.3 - 563.5
(O] 10.7 0.4 14.2 1.2 1854 - - 211.8
GJ 12.6 0.4 10.6 2.7 188.6 81.5 - 296.5
GY 20.5 0.7 9.9 24.4 409.8 - - 4653
DJ 37.6 1.2 133 28.6 400.0 - - 480.7
YY 33.1 1.1 16.0 68.0 1,204.6 - - 1,322.8
IC 43.6 1.5 - 304 516.5 - - 592.0
BN 1.6 0.2 1.2 0.3 59.6 - - 62.9
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Inflow (ton/day)

Outflow (ton/day)

Total Total
T e w s TS W QR s (O o D8 DR
DM 513 - - - - 48.7 100 7.8 03 5.1 3.7 83.1 - 100
NS 92 171 BT - 0 - 100 5.4 0.2 03 2.6 - 91.5 100
o - 756 - - 12.4 12 100 7.6 03 - 43 87.8 - 100
253 159 - - 38.9 20 100 8.7 03 33 19 85.7 - 100
os 387 - 181 - 432 0 100 5.1 02 6.7 0.6 87.5 - 100
Gl 743 - - - 9.7 15.9 100 5.9 02 49 13 87.7 - 100
GY 273 113 09 - 3.6 289 100 44 0.1 2.1 53 88.1 - 100
DI 337 346 - - - 317 100 7.8 03 2.8 59 83.2 - 100
YY 139 - - 766 95 - 100 25 0.1 12 5.1 91.1 - 100
IC - BT - - - 26.3 100 7.4 03 - 5.1 87.2 - 100
BN 289 - - - 232 48 100 25 02 2 05 94.8 - 100
AVG. 336 380 309 766 211 257 100.0 59 02 32 33 87.6 91.5 100.0
Table 6. Output Results of Biogas, Junk, Cake According to Tof Input Waste
Inflow(%) Outflow(%)
Fadiity Total0 Inflow . . Digestive
FW FWL LM SS (%) Biogas Contaminants "'~
DM 100 - - - 100 15.2 10 72
NS 26.8 30.1 43.1 - 100 159 0.9 7.6
CJ - 100 - - 100 16.7 - 9.5
1 - 100 - - 100 354 13.5 7.7
oS 94.5 - 5.5 - 100 12.3 16.4 1.4
Gl - 100 - - 100 13.2 11.1 2.8
GY 79.8 19.8 0.3 - 100 12.9 6.2 154
DJ 61.8 38.2 - - 100 14.4 5.1 10.9
YY 64.4 - - 35.6 100 11.6 5.6 239
IC - 100 - - 100 16.6 - 11.6
BN 100 - - - 100 8.7 6.8 1.6
AVG. - - - - 100 15.7 8.4 9.1
J. of KORRA, 29(4), 2021
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Table 7. Inflow Energy of Biogasification Facilities(2018)
Inflow energy(kcal)
Facilty Organic waste Electricity Circulation Sludge* ETC , Total
(LPG, Oil)
DM 72,601,595 11,910,512 11,834,347 - 96,346,454
NS 72,249,382 - 5,485,890 - 77,735,272
CJ 83,832,784 - 5,489,245 - 89,322,030
A 209,373,171 - 15,653,940 - 225,027,111
0s 103,841,013 - 9,196,206 - 113,037,219
GJ 88,787,087 - 8,527 63,770,513 152,566,128
GY 124,231,371 - 29,618,506 2,489,701 156,339,578
DJ 192,097,094 - 19,970,811 865,890 212,933,797
YY 237,610,750 - 6,495,261 - 244,106,012
IC 253,562,686 - 9,756,160 - 263,318,846
BN 18,123,512 - 2,346,715 - 20,470,228
* Circulation Sludge: Digestive Sludge or Digestive tank cake
Table 8. Outflow Energy of Biogasification Facilities(2018)
Outflow energy Energy budget
» (kcal) (keal)
Facility — -
Biogas tgrliesct;v; Con;gz;itz/:fwd Waste water Total Inflow-Outflow
DM 71,117,672 4,204,831 - 2,126,831 77,449,335 18,897,119
NS 51,534,258 3,279,743 14,608,228 - 69,422,230 8,313,041
CJ 75,232,616 3,892,346 - 311,016 79,435,979 9,886,051
J 186,988,723 6,140,796 - 5,920,036 199,049,556 25,977,555
0s 54,224,330 31,401,799 - 2,752,193 88,378,322 24,658,897
GJ 64,783,471 1,884,107 - 2,799,696 69,467,275 83,098,852
GY 92,413,424 17,804,585 3,808,941 1,325,706 115,352,656 40,986,921
DJ 174,102,201 21,871,903 - 3,095,484 199,069,589 13,864,208
YY 164,730,272 47,451,607 - 17,881,835 230,063,715 14,042,297
IC 226,263,127 18,282,825 - 7,667,248 252,213,201 11,105,645
BN 14,528,629 209,345 - 884,739 15,622,714 4,847,513
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Table 9. Energy Balance for Biogas Energy Use(2018)

872 HEal7] 913 Table 97} 2ol YERAIT.
Hho] 97 APl A o] 97k 0] G- A, 22
Y, FA7ha2 ol g = A AH WiAgols, niol
07} Hlo g elrhi Ak AelHE nole

7}zolth,

Inflow energy(gcal)

Outflow energy

(gcal)
Facilty Organic waste %:;:lsat:::)en Electricity ETC ’ Total Used Biogas Unused biogas Total
tank cake (LPG, i)
(Al [B] [C] [O] [ [F] [G]
DM 72.60 11.91 11.83 - 96.35 62.74 8.38 71.12
NS 72.25 - 5.49 - 77.74 41.09 10.45 51.53
CJ 83.83 - 5.49 - 89.32 69.24 5.99 75.23
1 209.37 - 15.65 - 225.03 137.40 49.59 186.99
oS 103.84 - 9.20 - 113.04 44.45 9.78 54.22
Gl 88.79 - 0.01 63.77 152.57 54.48 10.30 64.78
GY 124.23 - 29.62 2.49 156.34 85.01 7.40 92.41
DI 192.10 - 19.97 0.87 212.93 140.97 33.13 174.10
YY 237.61 - 6.50 - 24411 151.96 12.77 164.73
IC 253.56 - 9.76 - 263.32 220.93 5.33 226.26
BN 18.12 - 2.35 - 20.47 10.05 4.48 14.53
Table 10. Efficiency Calculation of Biogasification Facilities
Criteria Conversion efficiency Production efficiency Plant efficiency
(%) (%) (%)
Total outflow/ Total outflow/ (TOE:]IU;):;;I;)W'
Facility Usage Ir::ll;)\s/\t/e%%?:]ic AVG. Tot[?;]li[rlgf;ow AVG. Total inflow AVG.
[EVD]
DM 84.2 73.8 65.1
NS 71.3 66.3 52.9
o Electricity 0.7 83.6 1o 76.9 75 64.2
1 89.3 83.1 61.1
oS 522 48.0 39.3
o Steam 7.0 62.6 0s 453 357 37.5
GY 74.4 59.1 54.4
DI 90.6 81.8 66.2
YY Biogas 69.3 80.7 67.5 73.1 62.3 63.2
IC 89.2 85.9 83.9
BN 80.2 71.0 49.1
AVG. 78.5 - 69.4 - 58.9 -

J. of KORRA, 29(4), 2021
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