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2 Ao A U= 5] AR A A HE SAEF H7EY 5SS B wgtrk A RS BoetGTh Al
220179 7893 9L o) AA 23] A stoct wet vt A HA 7S B 716E7] $181e] BMP (biochemical Methane
potential) Al @2} YoRAJE o] &3 ALY o] &3t AR H7IEY BEVUE= Bt 0.758~0.850 g
cm?, pH= 429 ~4.750]Qlch. Ba| & 24 2= ZAEO A 257} 5643 ~ 12.81%F 7FAF =9k, Tl 531 -
8.95%, TEEL ] 60 ~ 18.73%, O] 2= 4.47 ~ 12.11%, o AL 1.76 ~ 3.64%0] QI T}, Tt 2~ELEF2F-2 69,30 ~ 75.87%,
FHABBIEFL 22 50 ~ 27.98%, 5| E-FHEEL- 1.63 ~ 2.48%2 LFEF|QIT}. T8 BODs= 17,6903 ~ 33,154.9 mg L., CODe,-2-
106,212.3 ~ 128,695.5 mg L', 71 8] L CODyy- 51,266.1 ~ 63,426.3 mg L' ] ¥ 2] 2 1.9 7 NaCl 322 0.81 ~ 1.17%]
W ol2 Ll le, 945 A C, H, O, N, S SHEL- 7F7F 44.87 ~ 48.16%, 7.12 ~ 7.57%, 40.13 ~ 43.78%, 3.22 ~ 4.14%,
1231 0.00 ~ 0.02%5 YEFH T S4AEF #7159 VS g9 dFd wer=&S A5 B BMP A|g o) o3 wehrtA
Y= 21 2E(0.303 ~ 0.354 mews® kgys )2 QAo at PE)ES 9tste] o &3 A140.294 ~ 0.352 meus’ kgvs') Qb
2ol 7} glolet.
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Abstract : This research was performed to evaluate the characteristics of food waste from 5 areas in Gangwon Province, Korea

and to predict the CH,4 gas production rate. Food wastes were sampled in July and September, 2017. The amount of methane gas

generation was evaluated through the biochemical methane potential (BMP) test and a calculation method using chemical
composition. Average bulk density and pH of the food wastes were in the range of 0.758 ~0.850 g cm™ and 4.29 ~ 4.75,
respectively. By physical composition, vegetables were the highest with 56.43 ~ 72.81% with fruits recording 5.31 ~ 8.95%,
cereals 1.60 ~ 18.73%, fish and meat 4.47 ~ 12.11%, and filtrate 1.76 ~ 3.64%. The average water content was 69.30 ~
75.87%, and VS and ash content were 22.50 ~27.98% and 1.63 ~2.48%, respectively. In addition, BODs, CODc,, and
CODw, were in the ranges of 17,690.3 ~33,154.9 mg L', 106,212.3 ~ 128,695.5 mg L', and 51,266.1 ~ 63,426.3 mg L
respectively. The NaCl content ranged from 0.81 to 1.17%. The results of elemental analysis showed that the contents of C,
H, O, N, and S were 44.87 ~48.1%, 7.12 ~7.57%, 40.13 ~ 43.78%, 3.22 ~ 4.14%, and 0.00 ~ 0.02%, respectively. In a
comparison of the methane production yield per VS mass of food waste, there was no significant difference between the
cumulative amount (0.303 ~ 0.354 Meps kgvg'l) by the BMP test and the theoretical amount (0.294 ~ 0.352 mcm3 kgvs’l)

calculated by chemical composition.

Keywords : Food waste, Methane, BMP test, Methane production yield, Chemical composition
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Table 1. Bulk density and pH of food waste
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Ttem Area A B C D E
, Ist 0.823 0.757 0.722 0.731 0.844
B“(tf;ﬂs)“y 2nd 0.852 0.830 0.795 0.785 0.855
Average 0.838 0.794 0.759 0.758 0.850
Ist 4.40 423 4.48 5.16 4.40
pH 2nd 455 451 4.09 434 4.49
Average 4.48 4.37 4.29 4.75 4.45
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Table 2. Physical composition of food waste (Unit : %, wet weight basis)

Area A B C D E
Ist ‘ 2nd Ist ‘ 2nd Ist ‘ 2nd Ist ‘ 2nd Ist ‘ 2nd
Item Average Average Average Average Average
6849 | 7452 | 52.09 | 60.77 | 72.51 | 50.54 | 5757 | 6227 | 7537 | 70.25
Vegetable
71.50 56.43 61.53 59.92 72.81
Fruit 1097 | 578 | 774 | 298 | 1014 [ 345 | 1663 | 126 | 459 [ 6.03
rui
8.37 5.36 6.79 8.95 5.31
469 | 284 | 1491 | 2126 | 429 | 3317 | 098 [ 1296 | 1.02 | 218
Cereal
Main 3.77 18.08 18.73 6.97 1.60
ingredient , 178 | 853 [ 13.03 | 1119 | 292 | 603 | 908 | 758 | 824 | 1055
Fish & meat
5.16 1211 447 8.33 9.39
504 | 214 | 242 [ 109 | 401 | 055 | 260 | 164 | 268 | 223
filtrate
3.64 176 2.28 2.12 2.45
Others . . . . . . . . . .
, 31 | 191 | 557 | 131 | 3.03 | 162 | 660 | 780 | 124 [ 151
Plastics
251 3.44 2.32 7.20 137
» 000 | 000 | 000 [ 076 | 000 | 000 | 1.8 [ 000 | 000 | 027
aper
P 0.00 0.38 0.00 0.91 0.13
, 0.03 | 000 | 000 | 000 [ 017 | 000 | 000 [ 000 [ o011 [ o011
Debris Wood
0.02 0.00 0.08 0.00 0.11
480 | 428 | 414 | o064 | 292 | 465 | 414 | 649 | 675 | 688
Shell & bone
454 2.39 3.79 531 6.82
ot 097 | 000 | o11 [ 000 | 000 | 000 | 058 [ 000 | 000 | 0.00
ers
0.49 0.05 0.00 0.29 0.00
Table 3. Moisture, VS, and ash contents of food waste
ltem Area A B ¢ D E
Ist 79.83 75.58 83.74 77.18 80.59
Moisture 2nd 66.73 63.03 68.00 69.23 68.22
Average 73.28 69.30 75.87 73.20 74.40
Wet Ist 18.24 22.67 14.81 2113 17.76
1 weight
Vs b 2nd 30.24 33.28 30.18 28.02 29.41
0 Average 24.24 27.98 22.50 24.58 23.59
(%)
Ist 1.93 1.74 1.4 1.70 1.65
Ash 2nd 3.03 3.69 1.82 2.75 2.38
Average 2.48 2.72 1.63 2.23 201
Ist 90.58 92.71 91.14 92.57 9151
Vs Dry 2nd 90.86 90.16 94.29 91.00 9239
weight Average 90.72 91.44 92.71 91.79 91.95
basis Ist 9.42 7.29 8.86 7.43 8.49
Ash (%) 2nd 9.14 9.84 5.71 9.00 7.61
Average 9.28 8.56 7.29 8.21 8.05
" Volatile solids
7hALE, Bl AR A2 74.29%, 24.76%, 0.95%°] 3o, e & 7 Uth(Table 3). A=ETF 7|& Hat 7FAdE>
224 SAER W7 B AR S 228 807 ~83.1%, 71 90.72 ~ 92.72%, 3|H-L& 7.29~9.28%2] WY E Ho|i lch
i 14.9~15.4%, 34 1.92 ~2.2%0]{TH16]. & A2 PSR FAER H71Ee] skl BODsE 5743t
A S AlQskal AxAF VEo R Skt 7h R A3t 57 AAA 12Fe} 22kl A 242t 21,810.8 ~ 35,745.9 mg
SR Ak 12k 23 BAo|A A= 2 Aols tehAl L9k 13,569.7~33,045.5 mg L'9] 915 Blon, By ¥



Table 4. BOD;, COD¢,, CODy, of food waste

Htem Area A B C D E
st 21,810.8 29,239.7 22,736.7 35,745.9 22,270.3
BOD;s 2nd 13,569.7 27,034.0 33,045.5 30,563.9 24,8533
Average 17,690.3 28,136.9 27,891.1 33,154.9 23,561.8
Wet Ist 135,670.9 139,849.6 111,672.2 123,542.9 128,143.3
COD¢ V;‘:Sgifs‘t 2nd 127,698.6 106,212.3 114,239.0 124,486.8 128,695.5
(mg L) Average 131,684.8 123,031.0 112,955.6 124,014.8 128,419.4
st 80,467.0 85,858.8 69,614.7 69,149.9 68,286.3
CODy, 2nd 31,189.6 40,993.9 43,244.4 33,382.4 34,479.1
Average 55,828.3 63,4263 56,429.5 51,266.1 51,382.7
Table 5. CI" and NaCl content of food waste (Unit : %, wet weight basis)
ltem Area A B C D E
Ist 0.70 0.50 0.39 0.35 0.41
cr 2nd 0.71 0.59 0.61 0.64 0.63
Average 0.71 0.55 0.50 0.49 0.52
Ist 1.15 0.83 0.65 0.58 0.67
NaCl 2nd 1.18 0.98 1.01 1.05 1.04
Average 1.17 0.90 0.83 0.81 0.85

91 17,690.3 ~33,154.9 mg L'9] W= el glck(Table

4). CODE= Cri Mntﬂsq = 7=
RO mER SAER #7150 et CODeE
Ak 57 AAA 12F A Batgh 11,6722~

olgto] ZAatelet

=4

139,849.6 mg

L', 2%} A} B3 106,212.3 ~ 128,695.5 mg L' 2] H <]
£ el o m(Table 4), 1249} 22} 2AFS] A Bt k-2
112,955.6 ~ 131,684.8 mg L'9] #9]E ® gt} CODy,oll A=
12} ZA} B3 69,149.9 ~ 85,858.8 mg L, 22 A} Wt
7S 31,189.6 ~ 43,244.4 mg L' ]S ¥ ¢ 1(Table 4), 1

2o} 22} Abe] AA HEGEE 51,2661

~63,426.3 mg L' 9]

WelE Uehiglch 354 SARR H71B BA AT

BODs= 134,800 ~ 153,000 mg L'¢] ¥9E el

e,

CODy, @} COD-2 ZHzt sH 78,806 mg L'9}F 225,120 mg

L& vetigleiie].

olzarmEIHTZ BAF C FFS sa8F 7L
2 2 uf 1ol A] 035~ 0.70%, 22kl A 0.59 ~0.71%2] H 9
£ UER )ItK(Table 5). 12}9} 22} Fatghe] 9= 049 ~
0.71%21 Ao & vebdeh CI S NaCl2 $HAket 12}
oF 22}2] HHFZHe 0.81 ~ 1.17%0°)| sig3tch. E3F S82-S A
ot Az 7|Eo R SHkstH 1249} 2219] NaCl §Ff 3
A 0.81~ 1.17%E UepdHTk(El o] et w]AA]). Kim et al.
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Figure 1. Cumulative methane yield by BMP test.
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Table 6. Chemical composition of food waste (Unit : %, VS weight basis)

Area Item C H 0 N S
Ist 41.14 7.14 48.23 3.49 0.00
A 2nd 48.59 7.50 39.34 4.57 0.00
Average 44.87 7.32 43.78 4.03 0.00
Ist 44.37 7.16 4531 3.16 0.00
B 2nd 51.95 7.97 34.97 5.11 0.00
Average 48.16 7.57 40.13 4.14 0.00
Ist 44.26 7.44 45.24 3.06 0.00
C 2nd 47.77 7.29 41.57 3.37 0.00
Average 46.01 7.36 43.41 3.22 0.00
Ist 46.51 7.47 42.00 3.98 0.04
D 2nd 44.93 6.78 4438 3.91 0.00
Average 45.72 7.12 43.19 3.95 0.02
Ist 44.60 7.53 44.67 3.18 0.02
E 2nd 47.28 7.28 40.41 5.03 0.00
Average 45.94 7.40 42.54 4.11 0.01
Table 7. Comparison of methane yield from BMP test and chemical composition analysis
Ttem Total ultimate methane yield Value calculated by chemical
by BMP test composition analysis X/Y X/Z
Area Reactor (1) Reactor (2) x" m;i;nzh;::)rgift?zn 7 ratio ratio
A 0.318 0.288 0.303 0.394 0.294 0.769 1.030
B 0.323 0.348 0.336 0.437 0.326 0.768 1.029
C 0.319 0.358 0.339 0.445 0.332 0.761 1.020
D 0.345 0.363 0.354 0.472 0.352 0.749 1.005
E 0.347 0.340 0.344 0.452 0.337 0.760 1.019
Mean” 0.330 0.339 0.335 0.440 0.328 0.761 1.020

! Average value for reactor (1) and (2)
? Theoretical methane production yield calculated by equation (3.4)

9 7 =Y (theoretical value) x 0.746 (biodegradable factor of food waste) [17]

Y Mean value of 5 areas, where is A, B, C, D, and E

ROl 12813400 oEkAT} WAL A
Z3] 271819 oF 23 o= RmE HLST|o|A] T o]A)
gho] Ay E %] ?tl:(})»)\q- S AAA FAEF H7IEA
AE Web7bs Y= S 0303 ~ 0354 moys® kgvs' 9
‘?‘]% "]’E}lﬂ 9\1\43‘34, 7 <ﬂ %i’-%};% 0.335 mcm kgvs O]())i

- Park et al. [17]> S241&F #|7]&0] H3t BMP Al @A
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