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I . INTRODUCTION

The amount of domestic waste generated n
Korea was 42818ton/day ('03) and the total
production of food waste was about 11,398ton
/day('03), over 30%
storage, transportation and landfill of food waste

of domestic waste. The

caused the problems of secondary pollution by
odor and harmful insects. Also, the ground wa-
ter was polluted by leachate, because the food
had high water
decayed. In addition, the method of landfill caus-

waste content and easily
ing social problems was prevented to treat food
waste in the first of January 2005.

So, anaerobic digestion is an important method
to treat food waste because of possibility of en-
ergy recovery as methane gas.

In this study, the possibility of food waste
treatment containing high organic material and
low pH in the one stage anaerobic reactor to
save cost and time and energy recovery using
CH4 gas by the hybrid anaerobic reactor (HAR)
was measured.

From other studies, operation is not easy due
to limited factors such as pH and Cl concen-
trations in anaerobic treatment. Also, it is not
easy to treat food waste in anaerobic treatment

due to containing organic matter of high con-

Organic Removal Constant (K), Ton Oil

centration without processing both acid fermen-
tation and methane formation

High Cl concentrations and a low pH of food
waste, poisonous factors, could be effected in
anaerobic treatment.

The HAR was designed by combing the mer-
its of the anaerobic filter (AF) to minimize the
microorganism shock when food waste of very
low pH was injected and up anaerobic sludge
blanket (UASB) to prevent from plugging and
channeling phenomena by large suspended solids
when semi solids were injected. Granule was
packed in the section of HAR.

II . EXPERIMENT MATERIALS AND
METHODS

1. Generation of food waste and
characteristic in Korea

Table 1 shows statistics of food waste gen-
eration in Korea. Table 2 shows the physical
and chemical characteristics of food waste in
Korea, and the results of food waste from the
dormitory  cafeteria at Chonnam  National
University. Compared to other studies, the C/N
ratio was a little low and S ratio was higher.

Table 3 shows the analysis results of heavy
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metals and trace metals of food waste of the
HAR. In analyzing food waste, heavy metals
such as As, Cd, Hg and Pb didn’t exist in the
analysis results, but some metals such as Fe,
7n, Na', K and Ca” existed. Above heavy met-
als were analyzed an automatic absorption spec—
trometer (model spectr AA 300)
2. Equipment-Hybrid Anaerobic
Reactor (HAR)

The HAR, which has the combined merits of
AF and UASB, brings high removal efficiencies,
can treat various and exchangeable wastewater,
and operate in little space at a little cost. This
reactor consists of influent parts, a mixer, a
packed laver, a reactor and effluent parts. Also,
the total volume was 62L and net volume was
30L.

In addition, height was 600mm and outside di-
ameter was 340mm. The material of acryl was

Table 1. Generation of food waste by City in

Korea (unit : ton/day)

City 03

Seoul 2,599.3

Pusan 934.6

Taegu 550.0

Inchon 726.7
Kwangju 3459
Taejon 394.7

Ulsan 2679
Kyonggi 23146

Food wastel Kangwon 356.5
Chungbuk 2609
Chungnam 455.3
Chonbok 4022
Chonnam 3727
Kyongbuk 563.6
Kyongnam 7195
Cheju 1340

Total 11,3984

REAGES A #2038 15.(2005)

Table 2. Characteristics of food waste in Korea

Sample | /N Elemental Analysis(%6,w/w)
C H 0] N { S
Mixed Food| 90 | 489 | 80| 365 | 55| 12
Grain 1521 433 | 76| 450 29|13
Vegetable | 114 471 { 73| 401 |42 | 14
Meat |75 | 476 | 77| 368 |64 |15
¥ 1<
L] é;z:em
<H —"_@
Temp sensor

35Cmm

|

Packed Zone

340mm

3 180mm
Fig. 1 The structure of the Hybrid Anaerobic
Reactor

used. Granule, the packed layer, was 350mm
from bottom to top, 180mm from the outside di-
ameter to the inner diameter. Fig.l shows a
schematic diagram of the HAR. It had many
holes whose diameter was 3mm. Food waste al-
so was mixed for 24 hours by a slow mixer in
order to mix well, to contact well, and then
crush, necessary. Food waste was injected once
a day.

3. Analysis Methods and
Characteristics of Influent.

‘This experiment was measured on the basis
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Table 3. Analysis results of Heavy Metals & Trace Metals in food waste

Heavy Metals

Trace Metals

Ttem As [ Cd | Cr | Cu | Fe | Hg

Mn | Pb | Zn | Mg | Na | Ni k | Ca

Value(mg/L) | 0 0 [16]25,109] O

15 0 | 67 | 293 {483 01 |2218|1,202

of standard methods and environmental pollution
official methods (Korea). The CODcr concen-
tration was ranged from 730,000mg/L to
115,000mg/L. In this experiment, homogeneity of
a sample of influent was required and we kept
it in 33T refrigerator. Table 4 show charac-

teristics of food waste as influent.

4. Biochemical Methane Potential
(BMP) Test Using Respirometer

The purpose of the BMP experiment was to
measure the amount of methane generated when

organic material was resolved under anaerobic
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Fig. 2 Changes of HRT

0

-1
~ -2 ¥ =-0.1763x + 0.02°8
2 R2=0.9612
% -3
R

~5

~6

0 5 10 16 20 25 30

Time(days)

Fig. 3 Results of BMP test with food waste

conditions, to grasp bio resolution of organic
material. This experiment involved controlling
temperature, pH and nourishment, in order to
promote generation of methane under the good
condition of microorganism growth. We also
measured the generation rate by the generation
of accumulated methane of Chonnam University
dormitory. We could measure the total amount
of gas by respirometer and gas analysis using
GC shimadzu 4C and TCD. 500mL Serum bot-
tles were used for BMP experiment anaerobic
microorganisms and nutriments were injected
and made good conditions such as temperature
and pH.

5. Operating of Hybrid Anaerobic
Reactor

In the operating of the HAR, four steps
(Runl, Run2, Run3, Run4) for stabilization were
conducted according to the HRT (47.4d, 35.6d,
296d and 26d). A granule packed layer was
brought In anaerobic digestion of OB beer
factory. After packing, it adapted to original food
waste during 100days and granule could be
adapted to food waste after 40 days with HRT
(237days). Table 5 shows changes of the load-
ing rate according to the HRT. Fig.2 shows
changes of Loading Rate according to the HRT.

IIl. RESULTS AND DISCUSION

1. Results of BMP test

From the results of BMP Test about MSW
(Municipal Solid Waste), amount of methane gas

KOREAN J. SANITATION Vol. 20, No 1, 2005
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Fig. 4 Changes of pH in HAR

Table 5. Changes of the loading rate according

to the HRT
Step
Items Start
U | Runl | Run2 | Run3 | Rund
. 9/15~ |10/26~|12/2~ |1/25~ | 3/16~
Operating day | 1o | 101 | 124 | 315 | 514
HRT(day) 237 | 474 | 3B6 | 296 26
Loading rate
(CODg/r? ~d) 150 | 145 | 114 | 112 | 1186
Loading rate
VSg/m® -d) 73 74 46 | 56 47

Fig. 5 Changes of CODcr and efficiency in HAR

itions. Fig. 3 shows the results of BMP test
with food waste.

2. pH

pH maintained 6.5-75 without controlling pH,
inputting some chemicals to keep the degree of
alkalinity. Fig. 4 shows total changes of pH in
HAR.

Table 4. Characteristic of food waste as Influent
(unit: except pH, all mg/L)

was 0168~0222(m’kg VS) in Owens and
Chnoweth’s studies and 0.38~0.44(m’/kg VS) in
Chae's study. In this experiment, the total accu-
mulated methane production per VS amount was
0.471(m%kg VS).

So the value was 81.2% of theoretical gen—
eration of methane, which was 058(m’kg VS)
by the elementary analysis of food waste in the
dormitory of Chomnnam University. Shin showed
that the organic removal constant (K) was
0.290(d™) in grains, 0.16(d") in vegetables and
0.1(d ') in meats. Choi demonstrated that it was
0.1(d ") in food waste but it was 0.18(d™) in this
experiment. As the above results show, it was
possible to treat of food waste in the dormitory
of Chonnam University under anaerobic cond-

WEAYEE A A0 13(2005)

Items FOOd waste
Max.value | Min.value | Ave.value
pH 5.23 354 423
CODcr 750,000 115,000 389,698
SCODcr | 675,000 65,000 177,978
TS 500,875 95,125 200,113
Vs 480,000 72,875 171,253
TSS 181,159 64,500 129,840
VSS 172,860 59,000 122,714
T-N 214,339 296,6 11,024
TKN 213,330 2,171 10,352
NO;-N 77 11 22
NOs-N 1,810 368 820
NHz;-N 332 175 444
PO4s-P 4,418 432 800
S 19531 921 9,618
Cr 24,644 1,127 6,337
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3. Removal of organic materials

While operating this reactor, the removal of
organic materials varied according to the influent
and HRT. During the
adapting period, we diluted original food waste,

CODcr concentration

operated for 100 days to adapt food waste and
the CODcr influent concentration was 8000~
25,000mg/L. The average influent and effluent
CODcr concentration and removal efficiency in
Runl were respectively 464,000mg/L, 54,528mg/L
88%. The influent and effluent SCODcr
concentration and removal efficiency in Runl
were 90,507mg/L, 33983mg/L and 79%. The

average influent and effluent CODcr concen-

and

tration and removal efficiency in Run?2 were
363,316mg/L, 40811mg/L and 88%. Also, the
average influent and effluent SCODcr concen—

tration and removal efficiency in Run2 were
180,757mg/L, 34,118mg/L and 81%. The average
influent and effluent CODcr concentration and
removal efficiency in Run3 were 357,283mg/L,
24,633mg/L and 93%. The average influent and
effluent SCODcr concentration and removal effi-
ciency in Run3 were 179,018mg/L, 17526mg/L
and 90%. The average Influent and effluent
CODcr concentration and removal efficiency in
Rund were 363,316mg/L, 40811mg/L and 88%.
The average influent and effluent CODcr con-
centration and removal efficiency in Rund were
364,650mg/1., 39,087mg/L. and 89%. The average
influent and effluent SCODcr concentration and
removal efficiency in Rund were 173,726mg/L,
29,946mg/L. and 289%.

From the above results, the CODcr and SCODcr
removal efficiency in Run3 were respectively
93% and 90%. Fig. 5 and 6 show changes and
efficiency of CODecr and changes and efficiency
of SCODcr in a HAR.

4. Removal efficiency of solid
material

The average influent TS concentration in
Runl, Run2, Run3 and Rund was 271,716mg/L,
168,083mg/L, 196,322mg/L and 59,313mg/L. The
average effluent TS concentration was 14,357
mg/L, 17918mg/L, 29,420mg/l. and 30952mg/L.
The TS removal efficiencies were 94%, 8994,
85% and 80%. The average influent VS concen-
tration was 222830mg/L, 146,605mg/L, 178,085
mg/L and 148691mg/L. The effluent VS average
concentration was  9943mg/L, 11,825mg/L,
18104mg/L and 25,127mg/L. The VS removal
efficiency was 95%, 91%, 89% and 83%.

As HRT decreased, the solid material removal
efficiency decreased more and more. Finally, it
decreased significantly in Rund. However, the
TS and VS removal efficiency was 8% and

KOREAN J. SANITATION Vol. 20, No 1, 2005
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Fig. 8 CODer efficiencies vs VFA/ALK.

8% in Run3 and a good removal -efficiency
shown in the HAR.

5. Relationship between VFA,
Alkalinity and NHs
TVA(Total Volatile Acid) can be divided into
two parts: IVA(onized Volatile Acid)
UVA(Unionized Volatile Acid). The hindrance
action of pH in a reactor was decided by UVA.

and

Fig. 7 shows influent CODcr concentration and
VFA(Volatile Fatty Acid, C2:acetic, C3:propionic,
CAbutytic). Fig. 8 shows CODecr efficiencies vs
VFA/ALK. Generally, when the VA/ALK. Ratio
was over 0.3~04, it has to be controlled be-
cause the pH may be decreased'. According to
Lee’s study”, the VA/ALK, ratio was 0.2~0.7 to
remove the organic material effectively. In oper-
ating the reactor, the VA/ALK, ratio was the
average 1.5 during the first stage and 0.13 in
Run3.

NH3 N concentration was 278mg/L, 629
mg/L,637mg/L and 1.341mg/L in Runl, Run2,
Run3 and Run4. Because food waste itself has a
high vprotein containment ratio, TA was
5522mg/L, 14,768mg/L,16,461mg/L. and 16,359
mg/L. However, the average CH4 generation per
day was 0.14, 022, 020 and 0.19(m' CHvkg
CODcr). Therefore, there was no effect of gas

generation.

s EE A A208 135(2005)

6. Gas generation and energy
calculation

Table 6 shows the theoretical value and ex-
perimental value of CHy content and CH; gen-
eration. The average CH; gas generation on
Runl, RunZ2, Run3 and Run4 was 0.14, 0.22, 0.20
and 019m' CHykg CODcr d) and CH; gen-
eration per CODcr removed was 0.18, 0.25, 0.23
and 021(m' CHykg CODcr rem). So the value
was about 53%, 71%, 66% and 66% of theoret-
ical gas production, which was 0.35(m¢' CHykg
CODcr rem). Also, CH; generation per VS added
on Runl, Run2, Run3 and Rund was respectively
0.35, 050, 042 and 043(m' CH4/kg VS added).
When results of a chemical ultimate analysis of
food waste substitute(C : H: N : S = 487 : 80
: 365 : 25 1 1.2), the theoretical CH4 generation
is 058 m CHykg VS. So, the value was 60.3%,
36.2°5, 72.4% and 74.1% of the theoretical value.
We could estimate total CHs generation from to-—
tal food waste, which was 1,398 ton/day in
Korea and converse to TOE/day and MWh/day.
Using a result based on operating the HAR, we
could calculate that methane gas generation was
953,221m' CHy/day. By using the oil equivalence
conversion factor and energy conversion factor,
it is 998TOE(ton oil equivalent/d) and 5.97KWh/
m CH, 60% of CH; gas generation and is
6,727TMWh/day study.
Table 7 shows the conversion result based on

according to Braun's
outcome after operating the HAR to estimate
food waste generation per day of each city in
2003.

7. PO4~P removal

The average influent POs~P concentration in
Runl, Run2, Run3 and Rund was 1,165mg/L,
565mg/L, 712mg/l. and 516mg/L. The average
effluent POs4P concentration was 163mg/L,
178mg/L, 156mg/L and 273mg/L. The removal
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Table 6. Results of HAR operation{all average

value)
Step
Items
Runl | Run2 | Run3 | Run4

HRT(day) 474 | 306 | 296 | 26
CODcr removal(%) 88 b 93 &9
VS removal(%) % 91 &9 83
CH; content(%) 585 | 633 | 627 | 609
CH; production(L/d) 627 | 802 | 726 | 705
CH, yield(m' CHy
kg CODer .d) 014 | 022 | 020 | 0.19
CH, vieldim CHy
kg CODcr rem) 018 | 025 | 023 | 0.23
CH, yieldlm CHy - -
kg VS add) 035 | 052 | 042 | 048
Theoretical value / - - .
Experimental value(%) ol4 | 714 | 657 | 67

Table 7. Energy production of food waste in
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Cheju 134.0 115 78.9
Total 11,3984 998 6,727
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Fig. 10 Changes of NH3-N and efficiency in HAR

efficiency was 85%, 68%, 78% 47%. In
POs-P removal efficiency, it had good removal

and
efficiencies in spite of shorting HRT.

8. Changes of TKN, NH3-N

The average influent NH3 N concentration in
Runl, Run2, Run3 and Rund was 533mg/L,
373mg/L, 417mg/l. and 122mg/L. The average
effluent NH;-N concentration was 278mg/L,
628mg/L, 636mg/l. and 1,034mg/l. The NH;-N
removal efficiency in Runl was 47°¢ but effluent
concentration was high in Run2, Run3 and Rund.
Fig. 9 and Fig. 10 show changes of TKN and
NHz-N Concentration in HAR.

9. Changes of SO& & CI°

According to Shin's studym, on the stage of

KOREAN ]J. SANITATION Vol. 20, No 1, 2005
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Fig. 12 Changes of SO and Efficiency in HAR

acid generation, the utility rate of glucose
showed the first reaction. Gas generation and a
stroma utility speed were not effected below
6,000mg/L Shin’s
study'®, when sulfate and sulfide were injected

at the same time, methane generation bacteria

sulfate concentration. In

were more affected than acid generation bacteria,
Even when SOf was 6g/L, methane generation
bacteria were not affected. In the case of sulfide,
it almost was not be affected by 200mg/L. But
when SO was over 400mg/L, it was affected.
According to Isa’s study, when SO was 5 to
20g/L, generally SO was nearly no affected in
the methane generation stage. However, over
2-dg SOZ/L was affected in the acid generation
stage.

As shown by the results, it was determined
that sulfate in food waste was not a high

HEAAHHA 20D 15 (2005)

disturb  anaerobic
operating. The removal efficiency in Run3 was

enough concentration to
about 57% and removal efficiency in Rund4 was
decreased in relation to decreasing HRT.

The average influent SO#  concentration in
R1, R2, R3 and R4 was 9,089mg/L, 4,900mg/L,
5,316mg/L and 5,157mg/L and the average efflu-
ent concentration was 1,838mg/L, 1,650mg/L,
1905mg/L. and 4,264mg/L. The removal effi-
ciency was 79%, 66%, 64% and 17%.

Harade's got good results when the influent
SOZ concentration was 2000 4,000mg/L and
CODcr/SO4~ ratio was over 7.5-10 in neutral
pH. As each sulfate concentration was 30, 150
and 600mg/L, CODcr was reduced as a result of
5, 30 and 40-75% each. Rintala showed that a
reactor, which had a high CODcr/SOs% ratio of
influent water, could remove over 80% of
sulfate. It can also remove 20 50% of sulfate
under the low CODcr/SOf ratio. Also, a hin-
drance of S happened when the CODecr/SOs
ratio was over 10.

Chot's and Rim showed that the influent ace-
tate CODcr concentration of SGCS (suspended
growth contact system) about studying of
CODer/SO4~ ratio was 2,000mg/L through an
anaerobic process. The concentration of SO~
was 1.0-13.3. The maximum sulfate removal ef-
ficiency was shown when the CODcr/SO4* ratio
was 1.7 and the maxim CODcr removal effi-
ciency was 2.7. When CODcr/SO+ ratio was 1,
CH; was not generated. As the ratio was grad-
ual, CH, increased.

As shown by the above data, the CODcr/SO4
ratio was regarded as an important influence
coefficient. But in this
CODer/SO;” ratio ranged 2 to 50. A good re-
moval efficiency of CHy was shown in all stages

experiment, the

because the influent CODcr concentration was
very high. Fig. 12 shows the relationship be-
tween CODcr/SO. ratio and CODecr removal
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Fig. 13 Changes of Cl Concentration in HAR

efficiency.
Shin's study

in inorganic material in the acid formation stage.

17" showed some disturbing trends

It was possible to treat the inorganic material
under an anaerobic condition when Cl was blow
5,000mg/L.

The maximum Cl concentration of food waste
was about 9,000mg/L, which didn't disturb the
anaerobic operating. In this study, the average
concentration of influent Cl in R1, R2, R3 and
R4 was 5328mg/L, 3668mg/L, 9157mg/L and
530omg/L. The average concentration of influent
Cl was 1467mg/L, 1,156mg/L. 3,049mg/L and
3525mg/L. The removal efficiency was 72%,
68%, 66% and 39%. From the above results, the
removal efficiency of Cl decreased according to
decreased amounts of HRT. Fig. 12 and Fig. 13
show changes of SO and CI” Concentration in
HRT.

IV. CONCLUSION

In this study, we explored that the possibility
of food waste treatment containing high organic
material and measured the possibility of energy
recovery using CHi gas by the hybrid anaerobic
reactor.

The results of the study are as follows;
1. Prior to this experiment, we checked the pro-

prieties of treating food waste as an influent
under anaerobic conditions, through the bio-
resolution of an anaerobic treatment. As a re-
sult, the total accumulated methane volume of
VS volume ratio was 0471{m'/kg VS): theo-
retical methane generation through elementary
analysis was 81.2% of 058(m/kg VS). Since
removal velocity of organic materiallk) was
0.18(d™M), it was possible to treat food waste
using anaerobic treatment.

. pH maintained 65-75 in Runl, Run2, Run3

and Rund under the anaerobic treatment,
without controlling pH and inpufting some
chemicals to maintain the degree of alka-
linity.

. The concentration of influent and effluent in

Run3 were 357283mg/L, 24633mg/L. and re-
moval efficiency of COD was 93%. The con-
centration of influent and effluent SCODcr
were 179,018mg/L, 17526mg/lL  and re-
moval efficiency of SCOD was 90%. In Run3,
CODcr removal efficiency had good results.

. The average CH; gas generation in Rund was

0.19(m* CHykg CODcr rem) and CH; gen-
eration per CODcr removed was 021(m
CHykg CODcr rem). The value was about
66% of theoretical gas production, which was
0.35(m* CHykg CODcr rem). Using a result
based on operating the HAR, we could calcu-

late that methane gas generation was 933,221
m CHy/day.

. The influent and effluent concentration and

removal efficiency of PO4 P in Run3  were
712mg/L, 156mg/L and removal efficiency
was 78%.

. The influent and effluent concentration of

NH3 H in Run3 was 417mg/L and 636mg/L
and high effluent concentration was showed.

. The influent and effluent concentration and

removal efficiency of SOS in Run3 were
5,316mg/L, 1,906mg/L and 64%. There was no

KOREAN J. SANITATION Vol. 20, No 1, 2005
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disturbing effect of SOZ and CI” in this

experiment.

As a result, it is possible to treat food waste,
with a high concentration of organic matter, us-
ing the HAR for HRT 30 days under an anae-

robic condition.

V. Abstract

The total production of food waste was about
11,398ton/day('03) in Korea. Also, food waste
was treated by landfill, incineration, reuse and
anaerobic digestion. The method of food waste
treatment  depended landfill.
However, the method of landfill causing social

primarily on

problems was prevented to treat food waste in
the first of January 2005.12)

Thus, anaerobic digestion is an important meth-
od to treat food waste because of possibility of
energy recovery as methane gas.

In this study, the possibility of food waste
treatment containing high organic material and
low pH in the one stage anaerobic reactor to
save cost and time and energy recovery using
CH; gas by the hybrid anaerobic reactor (HAR)
was measured.

The HAR was designed by combing the mer-
its of the anaerobic filter (AF) to minimize the
microorganism shock when food waste of very
low pH was injected and up-flow anaerobic
sludge blanket (UASB) to prevent from plugging
and channeling phenomena by large suspended
solids when semi solids were injected. Granule
was packed in the section of HAR.

The purpose of the BMP experiment was to
measure the amount of methane generated when
organic material was resolved under anaerobic
conditions, to grasp bio resolution of organic
material. Total accumulated methane production
per VS amount was 0471(m%kg VS). So, the

A8 A #2084 13(2005)

value was about 81.2% of theoretical methane
production which was 058(m*kg VS) by ele-
mentary analysis and organic matter removal
velocity (K) was 0.18(d™"). From these results,
food waste was treated by anaerobic treatment.

From this study, CHy generation from food
waste (11,398 ton/day) could be estimated. By
using an energy conversion factor of Braun’'s
study, 597KWh/m' CH4, 60% of CH; gas gen-
eration, the amount of total energy producing
food waste is to 6,727MWh/day. It could be
confirmed that energy recovery using CHy gas
was possible.

Above these results, food waste containing or-
ganic matters of high concentration could be
treated in HRT 30 days under an anaerchic
condition, using the hybrid anaerobic reactor and
reuse of CHy gas was possible.
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