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Effects of Mixing Ratio and Organic Loading Rate of Acid Fermented Food Wastes
and Sewage Sludge on the Anaerobic Digestion Process
Chul-Woo Ahn, Seong-Ho ]ang”*, and Jin-Sik Park” (Korea National Parks Authrority, Pyungchang, 232-941,
Korea, 1)Dept. of Environmental System Engineering, Pusan National University, Miryang, 627-705, Korea, 2)Dep’c.
of Health & Environmental, Kyungwoon University, Gumi, 730-852, Korea)

ABSTRACT: This study has been conducted for the process of food wastes disposal using surplus capacity
of established sewage treatment plant by co-digestion of fermented food wastes and sewage sludge after
thermophilic acid fermentation of food wastes. The co-digestion of thermophilic acid fermented food wastes
and sewage sludge was performed by semi-continous method in mesophilic anacrobic digestion reactor. It
showed great digestion efficiency as the average SCOD and VS removal efficiency in organic loading rate
3.30g VS/L.d. were 74.2% and 73.6%, and the gas production rate and average methane content were 0.440
L/g VSaa.d and 66.5%, respectively. Based on the results of this study, the co-digestion of thermophilic
acid fermented food wastes and sewage sludge in sewage treatment plant is able to improve treatment efficiency
of anacrobic digestion reactor and to dispose food wastes simultaneously, and was proved excellent economical
efficiency comparing with any other treatment methods.

Key Words: OLR (Organic loading rate), Acid fermentation, Mixing ratio, Food waste, Sewage sludge,

Anaerobic co-digestion

M B

SAEAA9 Adshel 2485 GuE A8

& 5 e AlRs me wulge 71043 g
& Balo] oluix)g) Yez A W 5ol ek =4

A7) g o] et sl geld Wt

URH o 2 SAERAYE S]]
7178 Ashzel aulE FQAelE SAER A7)
E32 94 HRo)

e A
Tel: +82-55-350-5435 Fax: +82-55-350-5439
E-mail: jangsh@pusan.ac.kr

247

/

¢

olfl
1o
-z
=
X

]
of
il

o A wyste] 28122
doA #7112 HaE FRa) 5
ol EAldE ddske
THEANE THE RSl
e e AR 5 o)E

Foto] Astehz Wkl
S gtashs PHoRE

AT EES Y
3]

o2
o

32
H

¢

T ki
2
p
>
ol
ﬂ’r‘

2,
>
i
fd

L
o

o 1T
-
ok o

38

2,
ofN
1o,

{

ol
N
ACH
o,
10
ol
Ir e
uy X
o
)
o

Sy
A j—r
A

sl Feho e Ao



248 SHAS- - AT - kA

2 Aol e tRe) 714 48 AHE Fool P BAsISicE Abraele] 739 f7]= #-8KOrganic Loading
LA EA A7) 28 Abtaols) Sl Ay E3he) Rate) 20 gVS/L.d, =527 712990 55+¢1C = 33
F71E Fokgel wE WhER SHEAS EAEl] AA = ow, ahibg whgo] AEE Fb FAE AL AP EY] 57
el A 87FsdE ARG oz QI3 pHASHE A8k 1sle] 0.05 g NaOH/ g
TSE X2 Fapiom, A AluE 198 77171
Az 2 EHH 3 AlETYTE Tl FAY R FYshe o R 54

EAE AP EAA A ARl
AMEER Y 2 Aol AR sirEeiAe) 3 Table 281 2T Table
v EA A7)0 714343 AEe| o] 88 AR Fig & A9} wHEUA dARAE T dEA

4 ot

l-iN

= o

ol E

1 rir

My = o o

|_>L“‘ 1l
MRS
(oW} 4
PLEQI%;S%OO*E‘.
3@ % e jo —
Lo Bog e

T
o
i
=
o
e

127 714 gt HEg s 1%
WS- ¥ mechanical sealin
§3te] gas-tight eIz 2H33ch
gl §EE el AAEeleH, s
£49] gas collectors =551

=
rE

o]a

o
&

g

=
£ Age] AR S4B BAC) 247 Drjgt
W AR SAE2H] ST FEAY el
w3 AAE 2 AFskion, AHE SRR s A
el 2 SrEe AT F, SAE2HY]) 489 24
ShAH O R B AEFER Q1 JTFE Al AAS
Sslo] 23 117 HolA 7FE A= shafisisich
S AEE 2 mm AR A2 F pH, TS, VS, TCOD,
SCODc¢, Alkalinity, TKNE2] 7] 54& #4391, 4
goll AR wj7kA] 4°C o] @dae] Ho 157 RSl
Table 19 S4=2el7]9) 271548 5 AARITE
e Agel AHE alrEelAlo} AFEeA= BA
A JekrAE Y] sHxsh Aslxelx 27t AF sk
AR 4 mm AR AAEE 5t E5ES A pH,

T E=E
TS, VS, TCOD, SCOD, Alkalinity’59] Z7|N& 542
TAsE 5 ARdell AREE7] A7) 4°C o] Aol A 15

Mesophilic Digester

A Inlet

8 : Motor

C : Water Bath Tempe-
rature Controller

D : Biogas

Fig. 1. Schematic diagram of anaerobic digester.

Carbon 48.5%, Nitrogen 3.8%< HER] & A7l AHEE
SAEANA7]9] C/NH]E 1282 %7} Bigh SAEA7
719 C/N¥] 10~159] 9 Yz Jeptor, = d'] &)

TR 9ol Bekaslel o835 52w 77]¢] C/NF| 10.0
~10.68TH= oK & ke B3I
2 X
B ABoE 433 TRe) Ak @71 Ash 4
Table 1. Characteristics of Food Wastes
Item Range Average
pH 44 ~ 49 47
TS (%) 62 ~ 98 7.6
VS / TS(%) 89.1 ~ 93.8 91.4
TCOD¢: (mg /¢) 65300 ~ 120,800 96,500
SCOD¢; (mg / ¢) 23,400 ~ 45,100 32,300
Alkalinity (mg / ¢) 490 ~ 980 760
TKN (mg / ¢) 1,180 ~ 2,560 1,930
T-P (mg / ¢) 390 ~ 710 510
Cl (mg/¥¢) 1,420 ~ 4,260 2,940
Table 2. Characteristics of sewage sludge
Item Unit Range Average
pH - 6.5 ~ 6.9 6.7
TS % 35 ~ 4.2 3.8
VS/ TS Y% 50.2 ~ 55.4 52.8
TCODc, mg /¢ 26,500 ~ 28,400 27,500
SCODc; mg /¢ 11,600 ~ 13,700 12,400
cr mg /¢ 322 ~ 438 375

Table 3. Chemical characteristics of food waste and
sewage sludge

Chemical elements

Items (%, dry weight) ¢/ N

Samples ratio
C H @) N S

Food waste 485 76 396 38 06 128

Sewage sludge 258 40 206 41 14 63
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Table 4. Operating conditions of anaerobic digestion

Organic Loading Rate

Run. Mixt.ure (g VS/L.d) Operatixolg

No. ratio - - Temp. (C)
1 1I

R-1 3:7 24 29" 35+1

R-2 5:5 3.3 42 35+1

R-3 7:3 4.2 5.4 35+1

R-4 9:1 4.7 6.4 35+1

! ; Mixture = (fermented food waste + sewage sludge)
; Mixture = (food waste + sewage sludge)

Table 5. Summary of chemical factors during operation
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Fig, 2. Effluent pH cumulative frequency during operating
time.

Mixture ratio pH VFA (mg/L) Alkalinity (mg/L) VFA/Alkalinity
R1(3 - 7 7.31 3,447 0.66
16837 {(7.03~7.53) (2,120~2,500) (2,990~3,880) (0.57~0.75)
R2(5 - 5 7.43 4,790 0.79
2555 (7.21~7.67) (3,520~4,170) (4,270~5,230) (0.69~0.84)
RA(7 - 3 7.53 6,000 1.23
3739 (7.37~7.74) (7,040~7,680) (5,520~6,380) (1.12~1.39)
R-4(9 : 1) 6.07 12,463 1,667 7.50
S (5.82~6.29) (11,970~12,860) (1,460~1,860) (6.86~8.29)
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Fig. 3. Effluent Alkalinity cumulative frequency during
operating time.

TASH R-1NHE2~R-3WHEZoll A= pHell whE vighdAd
8 Fgol= Aalvt 3l Zow dddd

A, R-AVHSEE B2 474 FER Q5] 5.82~6.29
o] W& pHE Wil olefd @48 g5 §
Lo 7 g Axg gehech

pHE 3714 whexUe] 7] (Alkalinity), %4
AHAHVFAs), TAAE 7kl 238 COell 25 219] 4
e W, pHE Ay AT e o] 3
Bist 5 3 AAte] A o7 e AnAoR u
Aol AslE FA ok

717 AshddlelA g ApEate] A0 gk Ay
W& Alofeks 9558 Hehls 2lo) 2= &
1304 Fig. 3ol vieRd wikel 0] 1,460~6,380 mg/L
2 UEped, SAERNAY] 1 Abgele] Z3m|Eo]

o

O

m><

7P 8 R4RREZOIM B 1,667 mg/Le) B 4]
=2 HEigit

ol A52 YA CE De Baere'V7t AAE &7
Al %*H)\] x%/\l—ﬂo] olyL;x/] =] 1,000~5,000 mg/LE] %J_CH
o Y& Ao yepkon, F2 VAR téate] 474
T2 YRYLRE AALE F A AL FAEHA7
o Eol9e 4 ¢2Ys EAA & AL A, &

Abdaa fgd TkeRelE s T

NaOHel ¢jiir A48 Sz el ofg dgke] 7Hg & A
o7 yeEo|r

A APpAke] WskE UERA Fig. 404 B f704F
(VFA)E57F 2,120~12,860 mg/Le] MAZ RFgzolA &4
A7) AL APEEed] 9] ol s 7 1N(VFA)
o %7t 57}0% A e dse & 7 9l

VFAEE ._7]_01] [q_g} E]—/\gﬁ]— gl = -JHMJ x]tﬂ-/\],,]
Aol o5t mgdel Xioﬂ 7FsdE ddst

AF58S Tk A8 VFASH ¢z we] vl ZAKet
23} Fig. 50l WeRd ukel 2o] 0.66~7.50 22 LET

Aol m=r VFASL 22| we] 8|7} 0.801do] HH
pHASH 2 w8 A7 dofutar, 1 ul7k0.5010]

1>
4
E)
)
)
kl
¢
.
u
il

Q.
[ea

B Sy |
100 7 7 R 100 7 /I ,,,,,,, R1
~ 90 / | R2 P A ; L A R2
2\; 80 | ! / ~~--R3 2\‘: 80 ; ] | ————R3
/ , = — R4}
Sl ; / nd Yol i | [—"
g { ' 2 : | '
Al j " - "
& 5 - | ,:' & 50 , ,' ,'
2wl i S 2 ol i |
| i ! 1
| / / I |
. ! H '
e / ; Sap ,'
© 10 Ve i © i i j
0 . Ao 0 L {
1300 1700 2100 2500 2900 3300 37004100 45004900 5300 5700 6100 6500 1500 3000 4500 6000 7500 9000 10500 12000
Alkalinity(mg/L as CaCO;) VFA{mg HAG/L)

Fig. 4. Effluent VFA concentration cumulative frequency
during operating time.

10.0

6.0

40 ; ——R3 -—0—R-4

VFA/Alkalinity

20

0.0
0 5 10 15 20 25 30 35 40

Operating time(days})

Fig. 5. Variations of effluent VFA/ Alkalinity during
operating time.
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Fig. 11. VS removal efficiency related to VS loading rates
during operating time.
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Table 6. Gas production and methane content according
to mixture ratios

Mixture' VS loading Gas. CH4' CH,

ratio rate production production (%)
(gVS/L.d) |(£ /g VSaad)| (£ /g VSua.d)

3:7 2.39 0.502 0.307 61.1

5:5 3.30 0.440 0.292 66.5

7:3 415 0.410 0.238 58.1

9:1 473 0.205 0.091 ‘| 44.6

" . Mixture ratio = fermented food waste : sewage sludge
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Fig. 12. Gas production related to VS loading rates.
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Fig. 13. CH4 production and CH, content according to
VS loading rates.

Table 7. CH, and energy production according to mixture
ratios

Mixture’ CH4 production Energy production
ratio | (m’CHi/kgVSua) | (keal/kg VSua)” | (kWh/kg VSaaa)
3.7 0307 2,646 118
5:5 0.292 2517 113
7:3 0.238 2,052 0.92
9:1 0.091 784 0.35

_: Mixture ratio = fermented food Waste sewage sludge
: CH; production x 8,620 keal/m’ CH;
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Table 8. Treatment cost of food waste with the same condition (unit:won/ ton)

Expenditure M. ‘
L anagemen .
Classificat Lab iati iliti iti Profit | Total
assication abor | Depreciation Eacﬂltles Im.purltles Bte. |Sub total cost
cost mainte nance | disposal

Aerobic compost 7,349 29,717 8,399 3,382 4,390 | 45,888 2,662 5,590 | 61489

Anaerobic compost | 7,349 21,969 9,145 26,632 | 4,390 62,136 3,474 7,296 | 80,255

Dry feed stuff 7,349 22,522 26,714 11,882 4390 | 64,969 3,616 7,593 | 83,527

Wet feed stuff 7,349 22,522 12,017 3,132 4,390 | 42,061 2,470 5,118 | 57,068

sewagesludge 7,349 15,206 4975 26,632 | 4,390 | 51,202 2,928 6,148 | 67,627
connection treatment
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Table 9. Comparison of the economical efficiency between food waste treatment methods

Classification Tre(i’f]lglr??;;())sts (Vltc‘)’ﬁf/iii) Remark
Incineration I 34,884~38,928 36,903 Nowon
Incineration 1I 52,045~60,252 56,148 Mokdong
Aerobic composting I 41,495~45,669 43,582 Nanjido
Aerobic composting II 35,958~41,719 38,688 H parm
Dry feed stuff 149,103 149,103 Everland
Wet feed stuff 69,027 69,027 Hwasung
Food waste and sewage sludge connection treatment 23,505 23,505 -

Table 10. Comparison of the food waste treatment efficiency according to existence or nonexistence of thermophilic acid

fermentation
p co-digestion food wastes and sewage sludge
Classification - — - — -
without thermophilic acid fermentation using thermophilic acid fermentation
. . 4:1 1:1
Optimum mixture rate (sewage sludge:food waste) (sewage sludge:food waste)
Organic loading rate 2.0 g VS/Ld 33 g VS/Ld
Food waste 125 ton/d 500 ton/d

treatment quantity

(on the basis of sewege sludge 500 ton/d)

(on the basis of sewege sludge 500 ton/d)

Treatment cost
(converted land(fill cost)

125 ton/dx15,000 won/ton
= 1,875,000 won/d

500 ton/dx15,000 won/ton
= 7,500,000 won/d

Additional expense -

Chemicals :
1,500 kg/d x 660 won/kg = 990,000 won/d

" : landfill cost in Pusan metro city
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