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Anaerobic co—digestion of food waste leachate with
microalgae for improvement of methane production
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Abstract : Food waste leachate (FWL) is a serious pollutant waste coming from the food waste recycling facilities in Korea,
FWL has a high organic matter content and high COD to nitrogen (COD/N) ratio, which can disturb efficient methane production
in the anaerobic digestion of FWL In the present study a microalga, Clorella vulgaris (C.V), was used as co-substrate for the FWL
anaerobic digestion in order to supply nutrients, decrease the COD/N ratio and increase its methane yield, Different co-digestion
mixtures (COD/N ratios) were studied by using biochemical methane potential test and modified Gompertz equation for kinetic
study. Mixed substrate of FWL and C. wulgaris in the co-digestion clearly showed more the biomethane yield than the sole sub-
strates, The maximum methane production, 827 7 mL-CH,/g-VS added, was obtained for COD/N ratio of 24/1, whereas the
highest improvement of methane yield was found for COD/N ratio of 15/1,
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oF 2 Xilxl‘ﬂ“PJ
&9 AsAg-S vkl = 9l7] dfiZoll Sast
o}l & 4= QltH(Yen et al 2007, Zhang et
al., 2007). Syaichurrozi (2013) 9 At
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COD/N9| 24 €] &2 85,72 Uehtal gle
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YA AHl (algal treatment system)< 2 A A 2 *}9-3}‘3“‘11} C vulgaris®} S92 EA B
H AIAE“OM ZRE djofete] dFELS F+ AFE2 TS, VS, TCOD, SCOD, TN, NH,-N
& T ASkG dlol e AR AEA|A Blolem]  Foln, Standard method(APHA, 2005)°] &
& FAbES] MR E SUiAl = VIeRE &8 Sto] Adsoinh, Al AFEE 71 E H714
g 4 9Ith(Wilkie and Mulbry, 2002), B]Al 48} 029 EA4E the Table 1 3+ 2t}
Table 1, Characteristics of substrates and inoculum
TS(mg/L) VS(mg/L) TCOD(mg/L) | sCOD(mg/L) TN(mg/L) NH,-N(mg/L)
Food waste leachate (FWL) 51,470 41,310 88,500 57,500 3,600 1,825
Chlorella vulgaris (C.V) 10,140 8,910 15,000 3,650 1,360 195
Inoculum 27,570 13,990 33,600
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BMP &40 4 7] &} m]H=9] Hl&-2 Vol
atile Solid (VS)9] FAH] 0.52Z4 Sa-8%
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Table 20| Uetd vRe} Zo] A7]/4d 43} vk3
of a3t YUd=4, Buffer 59 HiAE FY
st@ow, xF HuE 100 mLE 2HsI3t,
A7 7 24L& HAste] A= AR (head
space)= A 7IAE o]&dte] oF 1EZF HA]
ShRlom, o]F Hz2oZ i Ay 1Ful
Mot dFulE "PHE ©]&5e Serum bottle
< 71'dstelch. BMP Hh3-2 XI5 1Fuo] g o
A 35 €, 120 rpm o2 A E = ol A of
40947 X3P =] Ak,

Hpo] @ 7kA 0] B0 BMP Whg-o] 3=
Z7]o= 1Y 13] o]% 2 ~ 3 13] ¢ =
A& ©]-8-5to] Hio] @7t HHARES S5
ow wgta} ojikstekA TR QAL HE
7](Thermal coductivity detector, TCD)7} &+
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Table 2, Composition of nutrient/mineral/buffer (NMB) medium,
(Young et al,, 1993)

(A) Nutrient Concentration(mg/L)
KH,PO, 500.00
Na,SO, 150a
NH,Cl 530.00
Cysteine 100b
(B) Buffer Concentration(mg/L)
NaHCO, 6,000.00
(©) Minerals Concentration(mg/L)
CaC052HZO 150.00
MgCL6H,0 200,00
FeCl 4H,0 20.00
MnCl 4H O 0.50
H3E>O5 0.25
Zncl, 0.25
CuCl, 0.15
Na,MoO 2H,0 0.0
CoCL6H,0 2,50
NiClL,6H,0 0.25
Na SeO, 0.25

223 H|0|Ef 24 &Y

2 Aol A& Hlo] B 4] B2 Modified
gompertz equation®|t}, Modified Gompertz
equation(Zwietering et al., 1990)& Eq. 13}
Zdon & AolA= Eq. 12 o]-&sto] Ay
gt A7 5 o]gsto] AR, AAAIRE,
o wgk WA Bl 5 clSskel

Re

Mp:P.@(p[—exp?(A—t)Jrl} Eqg. 1

Mp : cumulative methane production
(mL/g VS)

P . methane yield potential (mL/g—VS)

Rm : maximum methane production rate
(mL/g—VS - d)

A . Duration of lag phase (days)

t . time at which cumulative methane

production MP is calculated (days)
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Fig. 1. Cumulative methane production from co-digestion food
waste leachate with C. vulgaris,

3.2 Modified Gompertz equation2 0|28t &7|
M A3} oIx}

Fig. 1o Yepd wief o] 7P 2 wiet
A4S COD/NH|ZF 24/1%1 Al& 872.7 mlL
—CH,/g—-VSet 7P W2 vjgt A2 C. vul-

garis 100 %(COD/N = 11)¢l 463.4 mL—CH4/
g—VS ZAfolth, @744 43 ¥E-9 AAES
&3] flate] 3] A (regression) A 4
T EQ|ojel Sigma plot (version 12)Z o]-&
skof fitting SHAT). fittingoll AMEE 274
° modified Gompertz equation®] AFFE$1
ou wEF WAl W 7h7bo] QRS o2t
T AU Eq. 1o A5 % VA 43
WS90 = QA2 Gmpertz equation S =2
B7} ° 4 9lon, Table 39] 1 ZTE e
Wolch, Aol oJstd, F-2%(RY)7F 0.9500 4
0.99% A% Modified gompertz equation
S ol ggt Qlat W g WA oZo] 2 Ao
2 7Fseh, & s U= Aog B
SEdl=

Table 3, Estimated parameters from the fit of Gompertz equa-

tion,
COD/N 1® Rm A R?
11/1 (C.V) 414.7 41,9 <0.01 0.95
15/1 (C.V+FWL) 756.4 93.2 0.28 0.99
17/1 (C.V+FWL) 814.0 91.6 0.29 0.99
20/1 (C.V+FWL) 814.2 87.0 0.18 0.99
24/1 (C.V+FWL) 840.2 96.8 0.33 0.99
25/1 (FWL) 734.0 91.8 0.42 0.99
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Fig. 2. Effects of co-digestion on methane production,
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Fig. 3. Increased methane ratio with C/N ratio,
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