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Abstract

The objective of this study was to investigate the characteristics of pretreatment and acid fermentation of food wastes
by combining alkali hydrolysis and upflow blanket filter (UBF) process. In order to obtain reasonable acid fermentation
efficiency of food wastes, the NaOH dilution water of 0.075 g/g TS was injected to adjust the pH in the UBF acid
fermentation reactor. The maximum concentration and production rate of volatile fatty acid (VFA) were 19,070 mg/L,
120.6% at the hydraulic retention time (HRT) of 2days and the dilution ratio of 2 times based on initial TS concentration,
respectively. These conditions were optimal operating conditions for UBF acid fermentation reactor. The COD removal
efficiency and solubilization rate (Ps) were increased with the lower dilution ratio and longer HRT. The removal
efficiencies of protein, fatty, carbohydrate in this reactor became higher with the increment of organic loading rate and
HRT. The attached biomass of total biomass in the reactor was 5.8~12.4%. Much of the mudball in the upper part of
the reactor had been created, it could affect on the device operation.
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2 Aol BAE g 7hrEs ok AR B8l 9% (upflow blanket filter : UBF)] ZHFA S o] &8 S2&F/
H71Ee] Hxe] 2 2hdg B4 g 2AF B4E st S28F dA71E] odHel e 58S
NaOH3]4]<= 0.075 g NaOH/g TSe| F9-& UBF A& xe] pHEAHS 98] ARttt Akl Ao 3)aAd 4714t
(VFAYs=9t AL TSTX 715 24) 8]14, 4=2]8F4 A FAIZHHRT) 2214 19,070 mg/L, 120.6%°]AT}. ©1& =
ZAE°] UBF 2hdaze] 487 2710131tk COD AAE&H 7H-3k&(Ps) S|AH7t B3 2 FA ko] A4F F7ts)
Aok dld A epatE-e AlFAINe] A5E, f1 B 245E AAE] 23tk 2 U F uNEY F 5
2| Eo] A HIE-2 5.8~12.4%0|th WHEE AdRle thake] M= (mudball)e] BAEERH, o] & A3
Ao G A = U
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Table 1. Characteristics of the raw food wastes

Average
Item Sample Dilution ratio  Dilution ratio
P (x2) (x 3)
pH 38 40 43
TCOD
191,600 100,655 62,517
(mg/L)
SCOD
135,200 54,244 31,309
(mg/L)
TS
151,400 78,119 50,234
(mg/L)
VS
125,100 62,958 41,379
(mg/L)
Cl-
9.300 4560 3,150
(mg/L)
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Fig. 1. Schematic diagram of experimental apparatus.
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Table 2. Operating condition of the experiment

Item Dilution HRT Temp. H adiustment
Reactor ratio (day) (°C) P ]
R-I s .
(H-1, A-1) x2 1,2,3 The pretreatment condition of acid
T 35+1 fermentation
3 0.075 g NaOH/g TS
(12, A2) x3 1,2,3 ( g g TS)
4.2 %XEI_DF_AO-I _E_);]{ HRT 3 day HRT 2 day HRT 1 day
SHEF /1B AR F2 YR WA, N
- - - _ 7.5
A, Wake] ghke Z4siei) vzle] e i I
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Fig. 2. Variations of effluent pH, Alkalinity and VFA
during operation time.
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st AT Aol ostH f7]=5-3F 40 g VS/LAY o
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2 Q8] VFAL A4 JS mF] Hoz FALY
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Tk S]AH 9} A FA 7k w2 R-I13F R-I19] 2} ¥E
S-zol VFA Ha A& AFAI7E 1, 2, 38004 2+
Z} 48.2%, 120.6%, 62.7%2}F 39.5%, 94.7%, 27.0%=
28] 343k R-Io] AFAIZF 28A 120.6%E 7 =
A vegth B AY 235 EUE 2 o), Q547
20| A F71 BRI} & R-I0] R-IIE T °F 25.9%
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3)249u) 9} A FAI 7kl W2 SCODF = H3l= Fig, 3
o] YER 213, TCOD % SCODe] 3-8, CODA| A
& 9 YFCODS 7HE-3HE(Ps) Table 391 LFER
St} Table 304 ®%o] S/TCODE 7t ¥H3-% H-1,
A-137}+ H-2, A-2901A 2Hz} 54.6~59.9%, 65.3~82.3%}
48.3~68.4%, 62.5~78.0%°] A 21, o|F A-13} A-2&
F9714 S-1, S-29] 51.8~56.3%, 45.3~50.7%X.t} °F
9.0~26.3%, 11.8~32.7% =7 YRt f71 &350}
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Fig. 3. Variation of effluent SCOD concentration during
operation time.
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U 71 AFAIZI A= 2 W vl Ee] 28 SCOD
AH]7F dojwr] wiEel AoeZ Al E T g,
TCODA| A &2 R-19] 7% H-1, A-1914 Z}7+ 9.5~
31.4%, 3.9~21.1%°] 1 2, R-II+= H-2, A2 A z+z+
3.6%~10.9%, 4.1~123%EX AFA7ko] A3, £7)
Fat 240E 22 AASS JESIH.

TCOD % ICOD”} SCODE AgEE YA CODY
7183t 83, = Ps(%)= U 23 7o) EE

(ICOD,~ICOD,)
1COD,

=1
=

Ps(%) = 100 )
&J7]A], ICOD, : Z7] ICOD &% (mg/L)

ICOD,: tA]Z+ ¥ ICOD(mg/L)

Table 391 YEl}=0] Pssh= R-19] H-1, A-10A4]
13.7~31.3%, 17.3~674%%Z AFA 70| 4= 74
st o™, R-119] H-2, A-29] 4% 11.3~483%, 12.2~
34.5%=M AFAIZre] 3 A 242 FojFdl wef
thd st o, AFAIZ 1dM = 34 57t
2 A-13} F7ke] uHE S BT o] Fig 3914
HZo] R-119] H-29F A-29] #&5U SCOD7} F4:3]
Z7FF 7] wWiE<dl, ©]d SCoDe] F43% SUte
R-Io] H]3] §71& F37t W R A &2 AF
AZbollM = 22U Bl E] 23 SCODE| AjAito] A
Bt} Zo} 2] SCOD HE7}F Zobil7] jEo = A}
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2 4 9JE RBCOD(readily biodegradable COD) AJ -
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Table 3. Summary of operation result for S/TCOD, COD removal efficiency and Ps with dilution ratio and HRT

HRT (day) 3 2 1
COD COD COD
Item S/TCOD  removal Ps S/TCOD  removal Ps S/TCOD  removal Ps
Reactor (%) efficiency (%) (%) efficiency (%) (%) efficiency (%)
(%) (%) (%)
S 55.7-56.9 i 50.5-56.9 i ) 50.6-56.9 i )
(56.0) (51.8) (56.3)
ol 46.8-58.6 29.8-36.3 21.5-35.8 52.6-56.9 13.2-18.3 17.0-26.4 56.5-61.0 34.9-11.0 10.1-19.5
) (56.0) (31.4) 31.1) (54.6) (16.5) (21.3) (59.9) 9.5) (13.7)
Al 80.3-90.0 19.7-25.2 64.4-89.9 59.6-68.5 2-12.5 10.5-41.9 61.1-66.5 0.5-54  57-223
(82.3) (21.1) (67.4) (66.7) (7.1) (33.0) (65.3) 3.9 (17.3)
R i 45.1-52.4  76.7-89.0 16.6-24.1 32.4-51.8 i 6.7-13.3  23.0-34.2
(45.9) (81.2) (22.5) (44.7) (13.0) (29.6)
S 48.2-51.7 49.0-51.8 44.5-49.7
) (48.4) ) (50.7) ) ) (45.3) ) )
Ho 46.7-52.7 9.9-139 8.6-18.1 49.8-60.0 2.4-8.7 88-23.6 62.7-69.7 0.7-6.8  35.0-52.7
(48.3) (10.9) (11.3) (57.8) (4.0 (17.6) (68.4) (3.6) (48.3)
A2 51.6-71.1 7.0-30.9 9.9-57.7 58.0-63.7 4.5-7.9 1.4-143 68.1-80.7 1.8-6.0  7.3-43.4
(62.5) (12.3) (30.1) (62.5) 6.1) (12.2) (78.0) 4.1) (34.5)
RAIT 17.2-40.5 20.0-64.9 7.5-12.9  11.6-29.6 2.9-8.8 44.1-68.1
) (21.9) (33.0) (10.0) (25.2) (7.6) (66.6)
Table 4. Summary of operation result for protein, fatty, carbohydrate and moisture with dilution ratio and HRT
(unit : %)
HRT (day) 3 2 1
fem 5 ¢ A M P F C A M P F C A M
Reactor
S-1 0.83 0.86 1.15 079 9637 0.85 085 1.15 0.75 9640 0.81 10.82 1.24 0.74 96.39
R H-1 063 053 084 046 9749 072 0.62 1.11 054 97.01 0.78 0.74 1.17 0.60 96.71
A-1 059 016 073 1.18 9734 0.63 0.19 0.87 123 97.08 0.67 023 101 130 96.79
R-E (289) (81.4) (36.5) - - (259) (77.6) (24.4) - (17.3) (72.0) (18.5) -
S22 068 070 097 0.61 97.04 070 0.69 1.02 058 97.01 0.69 0.72 090 0.59 97.10
Rl H-2 057 052 073 045 97.68 0.62 0.61 094 049 9734 0.67 0.70 088 0.55 97.20
A2 044 012 062 1.01 9781 053 019 0.77 1.09 9742 059 024 0.79 1.15 9723
R-E (353) (829) (36.1) - - (242) (725) (24.5) - (145) (66.7) (12.2) -
Note) P: protein, F: fatty, C: carbohydrate, A: ash, M: moisture, R.E: removal efficiency
3k ICOD(insoluble COD) &0l =0} 34 A= & AW, &r3lEe] Bal7t Abdaze S5 1H]|
3 AF /\17¥°11/\1L RBCODE ] 7gto] &3] o] = @IS dotrr] flaf AFAZHE vhgx= 7t 4
EOW PsthS B, AlFAIke] 29 % 1°1 o] visks /\} SFATh A FAIZEe] Wstel] whE R-I
2 5015011 w}FJr ICODOIA SCODZ9] Hho] & 3} R-II9 A, AH, &rsl=2] HlE Fig. 49
S}A] Fato] ps7h 7HAaxgk A 0= Vet YWER AL, Table 401l 787 el A ] ol&9 3k
< YERAAT. Table 49} Fig. 4014 B0 AFA|7H
2.2, CHHE X EReSLE o] 3ol 1Y E FojFol Wt A-1, A-29] Tl 9]
7 FARL RO A EF H71E T @, ZAHE 0.59~0.67%9F 0.44~0.59% 24 F 4714 7



&z TRl o AR 287 oY 2T

2 o183 2R H71=] AAE ¥ AhdE 54 95

1.4

Protein

1.2

1.0

08 -+

(%)
06 -

04 -+

0.2 7

0.0 7

Fatty

1.2

1.0

08
(%)
06

04 + I l | l
02 4

L
0.0 4

Carbohydrate

5-1 H-1 A-1 s-2 H-2 A-2

1.2

1.0 -

08 -

(%)
06 -
" |

0.2 -+

BHRT 3day EHRT2day MHRT 1day

Fig. 4. Variation of protein, fatty and carbohydrate according
to HRT.
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Table 5. Characteristics of suspended and attached biomass in eachreactor

Reactor R-I (A-1) R-II (A-2)
HRT(day) 3 2 1 3 2 1
OLR (ke VS - d 33.1347 443465 879936  20.121.1 287326  633-66.6
(kg VS/m - day) (33.7) (44.9) 92.4) (20.4) (29.9) (65.3)
Concentration 24,330-26,380 29,500-30,200 32,000-37,600 20,400-31,500 28,300-28,600 30,200-32,600
(mg/L) (25,630) (29,730) (34,330) (24,880) (28,430) (31,730)
. . 87.089.5 897905  846-892 856908  827-887  87.4-88.9
0,
Biomass - VSS/TSS ratio (%) (88.5) (90.2) (87.3) (88.2) (85.5) (88.0)
Biomass @) 442-447 295-302 320-376 204-315 283-286 302-326
& (256) (297) (343) (249) (284) (17)
Water content (%) PHO949 940952 940951 741952 940951 942958
° (94.4) (94.7) (94.6) (94.7) (94.4) (94.8)
Thickness (um) 522656 421-577 381-458 426-463 334-392 316-347
K (565) (478) (403) (442) (364) (331)
. . , 542637  509-638 519645 513632  52.6-63.5 452623
Biofilm  Density (mgfcm’) (59.8) (56.6) (57.1) (56.4) (59.6) (55.4)
2.84.0 2129 2225 2427 1.82.4 1522
2
Mass (mg/em’) (.4) .7 23) 2.5) @.1) (18)
Biomass (&) 303428 229341 231263 254288 196262 185231
& (36.3) (29.0) (24.5) (26.6) (229) (19.6)
Attached biomass / 11.9-14.0 72-10.6 6.5-6.7 84-11.07 6.5-8.4 5.8-6.6
Total biomass (%) (12.4) (8.9) 6.7) ©9.6) 15) (5.8)

Total biomass concentration 27,330-29,880 31,790-33,610 34,310-40,230 22,940-34,380 30,260-31,220 32,050-34,910

(mg TSS/L) (29,230) (32,560) (36,750) (27,560) (30,690) (33,660)
HEE BATh A Ex wjAF el F2 A" (1982)¢] Aol ofstd NH;-NiE o] 7% 3,000
HEEL XFo] 1.5~45cme] A7, dHtele mg/Lrt njAE 249 A& Fiske 1% o,
0.2~0.3 cmZ o] vls) 22 A7) BEE BYorw,  wAEo] &8 E 7ol NH, N ffhﬂﬂi £ 8,000~
AAE oF A A Zo vjs] YD) HJTE HEE 9,000mg/Lel RS2 B E Ao} vlwste] & o,
o Pel= B 550 & X2 529, B 580] E AFere TR o|3tE NH, -Noj| <3 &4
22 e AL S e, 28] S lem o] Aolle g 7i AtEHTh

o] FAL AN FAAsL AT 2 HESE B CIrel 4 7 9hgx9] A-13} A-2901A4] 3,800~
o AL FAEF A=A A vHEF 4 4,600 mg/L S} 2950~ 360 mg/Lel ATt ol A Hj
9 AR Hf Fo2 Aol B2 o 9IS WK 5(2010)¢] AFA ] &5k CI FE7} 3,700 mg/
v oto g olo that A7t o FAHoE AP L(0.61% NaCl)ol A 9,800 mg/L(1.62% NaC)E =7}

2

(o3
<
]
Y
o
K

3.2. oI-ELlol. od=l

NH, N& 7} uh8-% H-1, A-1 2 H-2, A-291A 7t
Z} 287~401 mg/L, 366~537 mg/L ¥ 253~307 mg/L,
290~479 mg/LE 3|Au|&o] AL A FAZke] AFE
Hlg 2o ® F7slirt. ol= W AlFAIke] Aol
o= Q& FAEF e T EE dEe] NHy-N
o= Faf7 gds] dojyt] wioltt.

Bhattacharya and Parkin(1989)3} Parkin and Miller

39S Wl VFATE7} oF 14% 743 Axkel vl ws)t
o] 2 uj, B dFAE NH, N vl kA 2 Clol|
o3k A= WR] ke Zlo g tE)

S)49u) 9} A FAT] TR 7 ReL, RAL ZAA A
WREA, A2)°] Ff B P Am el 4 gEa)
AIFE Table 59 8292 ATk Table 514 1%
o R18] 75 AFAZk] 32, 29, 192 Wsjelel
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mg/LE A FAIZro] #HEST4E F7t sk, & vA 5. ] 7Rl o AR B o] 2y
E5 TR Eo] AA ek HIE2 124, 8.9, 6.7%= & o] &3l FAEF H7IEQ Ahtan A4
7HAskQin. ¢H, R-119] 73-9- HRTO| Wstol| whe} AL TS71F 20 43 AFAZE 29
71 E5-317F 20.4, 29.9, 653 kg VS/m® - day©] 21 2.1, o} 0.075 g NaOH/g TS 598+ 492 vepsith
24 F "AE == 27,560, 30,690, 33,660 mg/LZ
R-13} o] AFAr] #S4E SV} aflen, & v References
AE F TR E] 2pA] 8l Hl&2 4] 9.6, 7.5,
5.8%= R-I°] R-1e] H3] F-Fm] A Eo] }A] )= H] 1 A9, $58, Jd5, 9%, 2001. &2 - 3}5H4
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