High-rate Anaerobic Co-digestion of Food Waste and
Sewage Sludge

Namhyo Heo, Sangsoon Chung

The effect of alkaline pre-treatment on the solubilization of waste activated studge(WAS) was investigated, and the
biodegradability of WAS, pretreated WAS(PWAS), food waste and two types of mixture were estimated by biochemical methane potential
(BMP) test at 35°C. The biodegradability of PWAS and mixture waste were significantly improved due to the effect of alkaline hydrolysis of
WAS. An alkaline pre-treatment was identified to be one of the useful pre-treatment for improving biodegradability of WAS and mixture

waste. In high-rate anaerobic co-digestion system coordinate with an alkaline pre-treatment in process, the digesters were operated at
the HRT of 5, 7, 10 and 13 days with a mixture of FW 50% and PWAS 50%, In term of CH, content, VS removal and specific methane produc-
tion [SMP] which are the parameters in the performance of digester, the optimum operating condition was found to be a HRT of 7 days and

a OLR of 4.20g/L-day with the highest SMP of 0.340 L CH,/g VS.
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Fig. 1 Basic concept of anaerobic co-digestion of organic wastes.
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Fig. 2 The different characteristics of OFMSW and sewage sludge(SS).
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Fig. 3 Experimental apparatus for high-rate anaerobic co-digestion of the mixture.
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Organic fractions of MSW
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- Sewage sludge 0.120~0.210
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Fig. 4 Cumulative methane yield (CMY) of the substrate used in
BMP test.

Table 4 CMY, TMY and biodegradability (BD) of the substrate
used in BMP test

WAS 0.159 0542 293
PWAS 0.260 480
PWW, :
AS 028 0505 550
FW.PWAS 0.349 69.1
FW 0421 0.489 86.1
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Table 5 Physicochemical characteristics of feedstocks and mixture waste

TCOD(G/) a2 | 3397 | 2091 | 577

Scopig/) 406 | 003 | 778 | 164
S/TCOD(%) 360 | 008 | 260 | 284
TS(%) 847 | 302 | 33 | 404
VS(%) 7% | 19 188 | 294
VS/TS(%) 90 | 632 | 600 | 728
pH 415 | 667 | 842 | 550
VFA(g/) 035 - - | oz
Alkalinitylg/) - 08 | 3B | 126
NH,-N(g/) | o5 | 002 | 030 | o2
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CHu content, %

VS removal, %

SMP, L CHy/g VS

2.27 2.94 42 5.88
OLR, g VS/L-day

Fig. 5 CH, content, VS removal and SMP versus organic loading
rate (OLR) as a function of HRT.
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Table 6 Result of anaerobic co-digestion for a mixture of 50% FW
and 50% WAS at different HRT

LAY Fast 349 VS AE

4.19g VS/L-day HHZE &
I} el WAk 7k} 36,7~69.2%2F 0,186~0.345 L CHy/g
VSE vehd Aoz Buseict. 53] o|ddl sdH £y
71 FW 50% : WAS 50%9] §&43lo|A] ¥-3-2 HRTE 13
UoA 10UZ T3} FAo OLRO] 2.45g VS/L~day©oliAl
3.18g VS/L-day= 71 w2t VS AAE g T
o| ZHA%t HHH®  HZ&yA| g AAE WP £
A= HRT 79714 749} 347 OLRo] 174 Z7tol=
B8t 230 4718 AAL 84 g A%l 718t
= 2478 1Y) ole AEdert W di@ddeHAE 9L
2} AA e ol wet 7lEaligE AL FAlo &34 71
E 3712 st ashtol o5t 714 o]§-&o] $7F1%7] 1
Bolu, o]of wt 43} FH9] H& P TlEo] 4377t
& 9EA71E 3R a3kE g 4 Sl

Table 79| 71&el A8 /714 H7189] 87148 Teast
g etigled, AR EALZH7IEOFMSW), &
ARk (manure), 3 A(SS), T34 7] E(crops,
ISW, FVW) So| E3= o Ae=glth, 18E ggo] 15% ©]
Aol 87|18 1-&(54~56C) A48t B (dry diges—
tion}& 0183511, A E Tl 10% ofskel Etu7 2



Table 7 Comparison of the performance and anaeroblc co-dlgestlon of different organic wastes

ST T B

CSTRe! OFMSWI+SSY! 35 241 038-0.39 Schmidell et al(1986)
CS8TR OFMSWHSS 35 570 0.360 Mata—-Alvarez et al(1990)
HSADP) | CropstMSWHISS 37 170 0.36-0.38 Nordberg et al(1994)
HSAD OFMSWASSHManure 55 280 0.375 Kayhanian and Rich{(1995)
CSTR OFMSW+SS 37 10-15 0310 Rintala and Jorvinen(1996)
HSAD MSW-HSWY 54 300 0.302 Oleszkiewicz and Poggi-Varaldo(1997)
HSAD MSWHSWASS 55 250 - Poggi—Varaldo et al(1997)
SBADY) OFMSW4SS 35 170 0315 Demirekler and Anderson(1998)
CSTR | OFMSW+SS 55 624 0.180 Del Borghi et al(1999)
Two—phase? SSHVW) 38 100 0.252 Dinsdale et al{2000)
Two-phase OFMSWHSS 55/35 30-52 0280-0330 o it and Efis(2000)
Temp-phese® 55/35 3052 0.300-0.420
CSTR FVYW+Manure 35 10-15 0.230-0.450 Callagham et al.(2002)
CSTR OFMSW4SS 56 6.0-10.0 0.319 Sosnowski et al.(2003)
CSTR FAKSS 35 316-6.28 0.186-0.345 Heo et al. (2004)
Two-phase 35 3.16-6.28 0.230-0.350
a) CSTR : continuous stirred tank reactor, b) HSAD : high-solid anaerobic digestion.

SBAD semi—dry anaerobic digestion, @ Two~phase : acidogenesis/methanogenesis.

Temp—phase acidogenesis or methanogenesis. ) OFMSW : organic fraction of municipal solid waste,
9 $S @ sewage sludge ) MSW : municipal solid waste.

0 ISW : industrial waste, I PVW : fruit and vegetable waste,
7% 5235~37C) FAA3HsH(wet digestion)ol] &3l A 4 JE:IE
2= %lct, Kayhanian and Rich¥9} Poggi-Varaldo 4
< ZA LGB A4 adkxd steguA Y Tt slpad Aol HEAdEE A9 7Mgatet Aol et &
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