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SUMMARY

[. Title
Treatment and Energy Production of Agricultural Organic Wastes
II. Research Objectives and Importances

Livestock wastes is a major contributor of soil and water contamination. The
generation rate of livestock wastes consists of only 0.6% of those from whole
municipal and industrial areas in our country; however, it reaches to 25.9% of total
organic pollutant loadings to soil and water. A proper management of livestock
wastes should be implemented in order to preserve our environment. Based on
the management statistics of livestock wastes at the end of year 2003, 89% of
livestock wastes is recycled as a liquid fertilizer, 4% is disposed of in deep ocean,
and approximately 7% is discharged to water ways after treatment. Therefore, it is
imperative that the livestock wastes be considered as biomass resources, recycling
as a liquid fertilizer and/or generating biogas through anaerobic digestion rather
than be managed as wastes to be treated.

When the livestock wastes generated from our country, 139,000 m’/d in the year
of 2003, is converted to biogas through anaerobic digestion, it is estimated as
4,309,000 m3/ d, which is equivalent to 3,016,000 m3/ d of methane. Methane
produces 8,540 kcal/m’ of energy upon combustion and plays an important role as
a global warming agent when released to atmosphere. Therefore livestock wastes is
considered as a potential energy source through anaerobic digestion.

The existing anaerobic digestion facilities for the management of livestock in
order to treat and recover biogas are operated at mesophilic temperature range due
to it's easy and stable operation. However, it shows low and irregular biogas
production and low methane contents in the biogas, which is only enough to heat
the bioreactor and may require additional fuel to heat up the bioreactor to
mesophilic temperature range. The mesophilic anaerobic digestion facilities are
difficult to properly use biogas as an energy source since they produce less biogas
at winter time, most demanding season. However they produce more biogas during
summer time using extra biogas for combustion, useless. As compared with
mesophilic anaerobic digestion, the thermophilic anaerobic digestion offers shorter

reaction time to produce high biogas with higher methane contents.  The



thermophilic anaerobic digestion has several disadvantages which requires more
thermal energy thermophilic bioreactor operation and requires research and
technology development for stable operations, resulting in less applications in
livestock wastes. The disadvantage of heat requirement will be overcome when
ATAD(autothermal aerobic digestion) is practiced a as a pre-treatment of the
thermophilic anaerobic digestion.

The ATAD is a process to biologically degrade organic materials(biodegradable
and persistent organics) using hydrolyzing and oxidizing enzymes produced by
aerobic microorganisms. The aerobic microbial activity produces thermal energy all
by themselves. The microbial thermal energy usually keeps the temperature of
ATAD bioreactor at thermophilic range of 35~60°C. The ATAD technology has
been used to produce liquid fertilizer at livestock wastes treatment industry and to
treat night soil. The results are not that much encouraging; however, it is known
that the ATAD provides more stable operation and higher dewaterbility of sludge
as compared with normal aerobic digestion. This success of the ATAD process to
livestock wastes and night soil in producing liquid fertilizer offers possibility to be
applied to sludge reduction and biogas production at following thermophilic
anaerobic digestion.

The combination of the ATAD process with thermophilic anaerobic digestion
provides several advantages in managing livestock wastes for treatment and
byproduct recovery. The capability of the ATAD process in biodegrading suspended
solids and persistent organic matter provides more soluble metabolic intermediates
as carbon source to the following thermophilic anaerobic digestion, which would
result in shortening reaction time for high and stable biogas yields. The thermal
energy produced by microbial activity at the ATAD process keeps the bioreactor
temperature at 35~60C which is similar to that(55C) of themophilic anaerobic
digestion. This reduces the additional thermal energy for sustaining temperature for
thermophilic anaerobic digestion. Approximately 50% of ammonia in livestock
wastes is known to be removed by aeration in the ATAD process. This provides
more stable operation to the following thermophilic anaerobic digestion by reducing
free ammonia inhibition to the methane producing bacteria.

The different strategies of livestock wastes management should be practiced
since the characteristics of livestock wastes varies with the types of livestock. One
of the management option is to recycle the wastes to agricultural land and pastures
as a liquid fertilizer after proper stabilization. This option is limited due to the fact

that the spacial and temporal demand and supply of the liquid fertilizer usually
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does not coincide in real rural situations. The other option is to treat and discharge
to water ways. This option requires an advanced wastewater treatment of livestock
wastes for organic matter and nutrients, especially T-N and T-P, to meet the
effluent discharge limitations. Biological removal of organic matter and T-N in the
livestock wastes is implemented by employing 2-stage intermittently aerated
activated sludge system. T-P can be removed effectively by physicochemical
method.

Therefore, the objective of the current research project is to develop a combined
system consisting of an ATAD-thermophilic anaerobic digestion-advanced treatment
system in order to properly manage the livestock wastes as well as agricultural
wastes including food wastes and sewage sludge. The combined system would
effectively treats livestock wastes to meet the effluent limitations and allows to use
treatment byproducts as a liquid fertililizer as well as biogas for an energy source.
The process of ATAD followed by thermophilic anaerobic digestion can maximize
solubilization of suspendedsolids and persistent organic matter in livestock wastes
in the ATAD process and can maximize biogas yields in the thermophilic anaerobic
digestion without requiring additional energy. The stabilized products of the ATAD
can be utilized as a liquid fertilizer. A biofilter will be tested for the removal of
ammonia during aeration of the ATAD process. A physicochemical process and
2-stage intermittently aerated activated sludge process will be tested for the
removal of remaining organic matter and nutrients, T-P and T-N, in the effluent of
thermophilic anaerobic digestion to satisfy the effluent limitations. The combined
system developed at the current research project will be commercialized by the
attached company of the project after verification of it's technical and economic

merits.
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II. Research Scope and Contents

1. Development of ATAD(autothermal aerobic digestion) process

A. Characteristics of livestock wastes

B. Biodegradability of livestack wastes

C. Operational strategies of the ATAD process

D. Removal of ammonia in effluent air of the ATAD process by biofilter

2. Development of high rate thermophilic anaerobic digestion

A. Evaluation of the high rate thermophilic anaerobic digestion process
B. Evaluation of the byproducts of the high rate thermophilic anaerobic digestion

process for use as fertilizer
3. Development of advanced swine wastewater treatment process

A. Removal of high concentration of T-N by 2-stage intermittent aeration process
B. Removal of high concentation by struvite precipitation

C. Advanced treatment of slury type swine wastewater

D. Advanced treatment of scraper type swine wastewater

E. Application of biofilter

F. Application considerations to livestock farmers

4. Operation of bench-scale combined system

A. Evaluation of design parameter of the system

B. Manufacturing and start-up operation of the system

C. Evaluation of performance of the system

D. Optimization of operational strategies of the system

E. Investigation of monitoring parameters of the system

F. Determine the scale-up factors for pilot-scale system
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IV. Results
1. Development of the ATAD process

Anaerobic thermophilic biodegradability of swine wastewater, leachate from food
wastes, and sewage sludge was investigated by BMP tests. Anaerobic thermophilic
biodegradability and biogas production potential of swine wastewater were 75% ~
80% and 0.51 L/gCOD~0.55 L/gCOD, respectively. Those of leachate from food
wastes were 75% and 0.68 L/gCOD while those of sewage sludge were 70% and
042 L/gCOD, respectively. Based on BMP tests, swine wastewater, leachate from
food waste, and sewage sludge are an excellent substrate for thermophilic anaerobic
digestion base; however, they may show ammonia toxicity to anaerobic
microorganism due to high concentration of NHs-N. Sewage sludge was inferior to
the others but can be used to reduce ammonia concentration when mixed with the
others. Therefore it is recommended to combine three different types of organic
wastes to be used as a substrate for themophilic anaerobic digestion to reduce
increase biodegradability and reduce ammonia concentration. Mixture wastes of
swine wastewater:leachate from food waste:sewage sludge=1:1:1 give characteristics
of t/sCOD of 53,000 mg/L and 20,700 mg/L, TSS/VSS of 22,500 mg/L and 19,800
mg/L, and T-N of 1,700 mg/L and would show high biodegradability at
thermophilic anaerobic digestion and provide proper COD/N ratio for anaerobic
microorganisms.

In order to find out the optimum operating conditions of autothermal aerobic
digestion(ATAD) process, two reactors were operated for swine wastewater. In the
case of ATAD 1, which was aerated by air, the mean DO concentration was
maintained 2.2 mg/L at the air flow rate 3 L/min. However, ATAD 2, which
aerated by oxygen(purity 77%), showed that the DO concentration was higher than
2.0 mg/L at the oxygen flow rate 0.7 L/min. The temperature of ATAD 2 was
higher than that of ATAD 1, due probably to the fact that the oxygen flow rate
was less than that of air. At the early stage of operation, pH of both reactors was
about 7.8, but steadily increased up to 8.6~9.3 as the operating time elapsed. This
result is the same as in the literature. Theoretically, since the nitrification reaction
is prohibited at high temperature, which is typically maintained in ATAD process,
the ammonia produced in the reactor reacts with water and carbon dioxide to form
ammonium bicarbonate and ammonium carbonate. The pH in the ATAD process

increases since nitrification does not occur in the reactor,
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Both reactors showed that the soluble BOD(SBOD) removal efficiency was higher
than 90% up to BOD loading rate of 8 kg/m’/d. But, SBOD removal efficiency
was decreased to 80% when the BOD loading rate was 10 kg/m’/d. During the
whole operating time, the mean SBOD removal efficiency of ATAD 1 and ATAD 2
was 79 and 81%, respectively. The effluent total nitrogen(T-N) concentration of
ATAD 1 was in the range of 700~1,600 mg/L, while that of ATAD 2 was in the
range of 700~1500 mg/L. In the case of ATAD 1, the effluent NHs-N
concentration was in the range of 300~1,000 mg/L. But, ATAD 2 showed a higher
NHs-N concentration compared to ATAD 1, which was in the range of 450~1,300
mg/L. As for the total phosphorus(T-P) removal efficiency, ATAD 1 had a little
higher T-P removal efficiency than ATAD 2. The fact that ATAD 2 had a lower
organic concentration than ATAD 1 indicates that oxygen might be better than air
for the performance of ATAD process.

In order to remove ammonia gas present in the biogas produced from ATAD
reactors, two biofilters with a working volume of 2 L were operated after being
innoculated with nitrifying bacteria. ATAD 1 showed that the concentration of
ammonia gas in the biogas was in the range of 300~750 ppmv while that of ATAD
2 was in the range of 650~1,400 ppmv. A higher concentration of ammonia gas in
the biogas of ATAD 2 than that of ATAD 1 was due to a higher oxygen flow rate
as compared with air flow rate practiced in ATAD 1. On the other hand, it was
found that the concentration of ammonia gas in the biogas was proportioned to the
concentration of T-N in the feed piggery wastewater. The operating results showed
that both biofilters achieved more than 80% of ammonia removal efficiency up to
the ammonia loading rate of 744 g NHs-N/m’/hr. As the nitrification occurred in
the biofilters, nitrate-N(NOs-N) was accumulated in the recirculating water, causing
the decrease of pH. When the ammonia loading rate to ATAD reactors was
maimtained in the range of 14.4~58.2 g NH;-N/ m3/ hr, it was proved that the
proper exchange interval of recirculating water(l g/L NaHCO;) was 8 to 9 days.

2. Development of high rate thermophilic anaerobic bioreactor process

Lab-scale thermophilic anaerobic bioreactor was operated at HRT of 3.4~6 days
and OLR of 1~27 kgCOD/m’d using swine wastewater as an influent. The
bioreactor maintained a high concnetrations of MLSS at 7,000 mg/L and provided a
stable performance. @ The bioreactor showed 80% removal of sCOD and 90%

removal of VFAs at the given OLR. Biogas generation rate was in the range of
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0.683~0.854 m’/kgCOD, which is higher than mesophilic anaerobic bioreactor of 0.3
~0.7 m’/kgCOD. The result support that the rate of thermophilic anaerobic
reaction is 2 times higher than that of mesophilic anaerobic reaction.  The
nutrients, T-N and T-P, were remained relatively constant concentrations of 3,500
mg/L and 100~170 mg/L, respectively, in the bioreactor during whole operational
period.

In case of mixture wastewater(swine wastewater : leachate from food waste :
sewage sludge = 1:1:1) as an influent of the lab-scale thermophilic anaerobic
bioreactor, the reactor was operated at OLR of 1~5.3 kgCOD/m’-d. The bioreactor
also maintained a high concentrations of MLSS at 7,000 mg/L and provided a
stable performance. The bioreactor showed 68.6% ~85.4% removal of sCOD at the
given OLR and a lower performance at high OLR of 5.3 kgCOD/m’-d. Biogas
generation rate was in the range of 0.976~1.094 m’/kgCOD, which is higher than
thermophilic anaerobic bioreactor fed with swine wastewater as an influent. This
can be explained that the mixture wastewater contain larger portion of relatively

easily biodegradable organics from food wastes.
3. Development of advanced swine wastewater treatment process

The swine wastewater generally shows high fluctuation of concentration in Korea.
Therefore, it is very important to select proper process in treating swine
wastewater. In a 2-stage intermittently aerated system (2-SIAS), the time control of
oxic/anoxic in each reactor acts as a big advantage in treating swine wastewater.

In this study, the combined system in which struvite precipitation process was
incorporated into the 2-SIAS, was applied to the treatment of thermophilic
anaerobic digested swine wastewater. The effects of SRT and HRT were evaluated
considering the characteristics of digested supernatants. In the results,
ammonia-nitrogen removal of 66% was achieved by struvite precipitation and
struvite precipitation contributed to enhancing nitrogen removal performance of
2-SIAS. In the removal characteristics of organic matters and nitrogen in 2-SIAS, it
was observed that the removal efficiencies of TCOD, SCOD, NH4-N, TKN and T-N
were 83.7, 65.9, 98.1, 96.2 and 89.2 %, respectively. In the biological treatment of
supernatants which was formed after struvite precipitation, the removal
characteristics of TCOD and SCOD were stabilized after 18 d which was almost
same with the results from operational SRT 20 d of 2-SIAS, whereas the removal

of ammonia nitrogen was stabilized after 36 d which was 1.8 times of operational
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SRT. This means nitrification is required more long-term operational days in
stabilization. In addition, the carbon-to-nitrogen (C/N) ratio also affected the
denitrificaiton performance of 2-SIAS.

The effect of hydraulic retention time (HRT) was evaluated by varying HRT from
24 h to 30 h at SRT of 12 d. When HRT was changed from 30 h to 24 h, the
wash-out of activated sludge occurred. At the HRT of 30 h, influent TCOD
concentration was ranged from 4,237 to 4,477 mg/L and effluent TCOD
concentration averaged about 370 mg/L, correspondingly, TCOD removal efficiency
was 92 %. When HRT was reduced from 30 h to 24 h, TCOD removal efficiency
was reduced (up to 88 %), however, when the system reached to steady-state, its
removal efficiency was recovered (up to over 91 %). In NHs-N removal, the NHs-N
removal efficiency was 94 % at the HRT of 30 h. When HRT was chanted from 30
h to 24 h, NHs-N removal efficiency was drastically reduced from 94 % to 26 %
and more than 10 days were required to recover nitrification performance in the
2-SIAS. The T-P removal was ranged from 70 to 80 %, regardless of HRT variation.

Finally, the removal possibility of phosphorus and color, which were residual
components after treatment 2-SIAS, was evaluated. The chemical coagulants used in
this study were alum (Alx(SO4); 18H>0) and FeCls. The dose of FeCl; was less than
that of alum for optimum removal of organic matter; the doses of FeCl; and alum
were 2,200 mg/L and 2,500 mg/L, respectively. In optimum conditions, TCOD
removal for FeCl; and alum were 95 and 86 %, respectively. In phosphorus
removal, residual POs-P was not detected in supernatants after coagulation of alum
and FeCls.

4. Fabrication and operation of the combined system

The characteristics of swine wastewater used as an influent of the combined
system were different with those of design parameters which results in difficult
operation of following unit operations. After inoculation and acclimation periods of
4 months operations, the combined system was operated HRT of lday at ATAD,
HRT of 1.5~3.0 day at thermophilic anaerobic digester, and HRT of 0.5 day at 2
stage intermittently aerated activated sludge advanced treatment at pseudo steady
state. The following conclusions were made;

In ATAD operation, TSS, VSS and tCOD, sCOD were removed effectively at
33.2%, 32.8% and 73.1%, 84.7%, respectively.

In thermophilic anaerobic digester operation, the effluent of the ATAD after
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sedimentation were used as an influent. The thermophilic anaerobic digester was
made of two phase CSTR of acid former and methane fermentation bioreactors. The
HRT of 3 days at the thermophilic anaerobic digesters were used at the beginning
periods and decreased to 1.5 day step-wisely. The bioreactors maintained high
concentrations of MLSS with the removal efficiency of 57.4% ~80.7% and biogas
generation rate of 0.54~0.62 m’/kg COD. For the optimum biogas production it is
require a HRT of less than 3 days. The nutrients, T-N and T-P remained constantly
at concentrations of 1,000~2,500 mg/L, 100~180 mg/L, repectively.

In 2-stage intermittently aerated activated sludge operation, the effluent of
thermophilic anaerobic digester after sedimentation was used as an influent. The
HRT of 1 day at the 2-stage intermittently aerated activated sludge was used at the
beginning periods and decreased to 1.5 day step-wisely. The bioreactors showed the
removal efficiencies of 71% of COD and T-N of 74.2~83.6%, and T-P of T-P 15.0~
36.2%, respectively.

The final effluent from the final sedimentation tank satisfied effluent limitations

for all parameters except of COD.
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V. Accomplishments and Field Applications

The combined system of ATAD-thermophilic anaerobic digestion-advanced
treatment allows us to recycle the wastes as a fertilizer after digestion as well as to
treat agricultural organic wastes(livestock wastes, food wastes, sewage sludge) to
meet effluent limitations for the protection of river and reservoirs from algal bloom.
The combined system, according to treatment strategies, can be applies as an unit
operation, as a train of unit processes, or as a process for recycle, which would
contribute to a low-cost agricultural practices by regional recycling, environmentally
preservative agriculture, and resources saving. The livestock wastes stabilized by
ATAD-thermophilic anaerobic digestion are recycled as a liquid fertilizer for
nutrients to plants. When the spacial (land for liquid fertilizer) and temporal
(period for liquid fertilizer) situations do not coincide for recycling the digested
wastes, the digested wastes will be treated by 2-stage intermittently aerated
activated sludge and biofilter for discharge and/or reuse as an agricultural water
or wash water. This means the combiled system gives two options of recycle the
wastes as treatment byproducts or of treatment for discharge.

The combined system of ATAD-thermophilic anaerobic digestion-advanced
treatment will be commercialized for management of livestock wastes as well as
agricultural organic wastes(food wastes and sewage sludge) by the attending
company, Ecodigm Inc., after refinements of the system. The combined system will
help farmers in establishing an environmentally friendly wastes-recycle ecosystem
by producing thermal energy of methane, by reducing coliform bacteria and odor
in liquid fertilizer, by satisfying the effluent standards. The system will also be
used to retrofit the existing anaerobic digestors of municipal wastewater treatment

plants for stable operation and effective production of methane for electricity.
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Table 1. TOE estimation of solid waste that can be recycled

g2 | TSEHeE| v/ TS VS | A% | Biogas | CHaigas A wrogar ZHITOE

T )\ ! AAL | VSZ A | EA Ay Ak
(ton/ )| (%) | C6) oy | (tonyd) | (Nm/d) |Nmyay|  RAVD | roRsg)
=2 |155298| 5 | 60 | 50 | 2329.5 | 1,863,600 |1,211,340(10,344,843,600] 1,034

=AE 11,398 10 90 70 718.0 574,400 | 373,360 | 3,188,494,400 | 318.8

8,269 20 60 45 446.5 357,200 | 232,180 |1,982,817,200 | 198.3

*Biogas A AT9l: 0.8Nm'/ A AVS kg, *Biogas % CHs gas &% 65%
*CHy gas WA 8,540 kca/Nm‘(zi Stk 7] ), *TOEZH:FA| 4 1TOE/10,000,000 kcal
*2003d FHAahE /A=l 7 SR A2 A (37 -, 2004)

O F4HEnS A71%e] opd Agozn vholouzzae] 442 7hxs 94
Aol og Aus g WEkae) EeRE A% AFBF AN T
7

oA ol& ol&dts AL =LA FHASHA aLgEolof & AL Eolt)

O olgd Aol BEE Fu “HAEL/SARAAY S FAANNE S AR @
A 28pA) 2280 Ao BHEF £ Y=

- o o

BB JYLOR ANG T 5 Qo] 1 o]9e] A(FA/FA)l

29 HEEIA 2 W AV RS Ba 9 AP 5 b A8 wEAe
FAzge] sl ATE Fastas gt

i BARE 150,483(m'/d)ol Db EHo
o] 0.7%°1Y S 9=Z(BOD7|%) HA 3= 74.8% =A| gkt

O FAens 2999 &7t 2 #7144 A7IE=2A nted Agriso] &4
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A1d ATAD(Autothermal Aerobic Digestion)
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T8 535F 7Ids FE.

Biofiltration 7]%& 2 o, Yldds, diE FoA oF 30d HAEH o #
VOCs A|Al FHIsHA o] g il ek T AEHA 7eEa HgRoprt g
i 9lew, system T4 EZ As3t dAlCl o]2F vk v=re]l 4 Monsanto

O

Table 2. Applications of biofiltration for source control of

odor and VOCs sources in Korea

A | a4 | ds Fo AT 0s
S AEAEAY BAGAE ol gt TuAGAA 24
sl or=
A i 1992 0.5g H,S/m" surface area-day, 0.1g NHs/m' surface
area-day©]aho] & 714 98% A A&
- Aol FHEE WAL THAZ3 biofilters ©]-&3to] &
o gl | EE A gl A AEe kA AT
PN gqa | L qyge) wuE vty duaye o dEs e
Nk
- Peat moss®} Wood-CarcoalE VAlE FA=2 stA 2%
s R oA EAsk= o] A7
=] A~ X]— 1 O =
FTAERE ] | 1% piofilers: ol 8ol a5 W grevs} okl A
e
A= - HH] 5l w5 =% wiv ol Biofilter ©]-§
& v 5} °94 ° 1997 |- AE2EVIZ Huld A $AsE o FHMAF
CH;CHO Al 7o 3k <+
A3 - 100 m'/min T2 Algte] FA biofilters ©]-&3lo]
Hulsh | T T | 199 | e oA AA Ay
- HsS 97%A171%, NH; 95%°]% A 7%
- §H 2 SA2 8k biofilterS ©]-§3te] “AH 7|2 vl Y
_ 7k o F AA
CAHI = | Eest . ;
VA7V WS | 1999 | - HS § 9B 145ppm, ATAIZE 025min 14 98%
Mg | 9 PP
AAS, NH; F+9H¥5% 40ppm, Imin oA 95%0]
AA S
ol ) = s - Bench-scale biofilterE ©]-&3F Wy AZFA k3 AA
A g ﬁgb 2000 | - AFAIZE : 1800secol M o}WIF 98%AAS, HEH ek
el 100% A A s
I - gy mEA F4 el biofiters J&3te] el
ENE A ;ﬁ 2001 | AelA A S b A7
= - AAE 99%
o1 4 21 - 583m' /min®| Full-scale biofilterE ©]-&3}o] HIE}T A%
Al R & ”94 Y| 2004 TN A A S oFH A A
- AFAITE 144 secoll A A AS 98% o]
7149 | s ~ Algo|E7} 8l PE Tio} biofilterS o4 &A%
AN |7 2004 | AtmEge] FEd o Al
SR - AFAIZE 40sec A AE 90%
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Biofilter A}, Bohn Biofilter A}, PPC Biofilter A} &©¢] &3] &5 Fojy, dEo 7
- "] ZH] A A}, Kubota’}l, Nishihararl 5] % 2 VOCs ‘?j_*g Aol wlo] Q. I E 7]
=S #E43ta vk dA University of Southern California 5|4 #3153} VOCs #
g A% we pH AHAAY  biofiltration, PAAl ©8EA reductive
dehalogenationE T35 o= 2% biofilterE ©]-&3F Wl H7l~ AgE 913 7
/d biofilter, AH5 2t =437l vapors Ao Foll #d A7} Y= ATt Table 4
of o}# % VOCs viZEel et =9 biofiltration 7] #-& LS YERAATH

Table 3. Registered patents on odor control in Korea

TEWE %9191 e ERCE
A 8-7)83tE 9 orHE A AS] Y+ Ak
1002761560000 | Q= ggpel || D ST EE 2T A
S5 AESH AALA
obF 9 Iy /7]383=EF(VOCs) AAE 9 wf

1003207420000 Zoldlg)

2004181000000 oL A A& wlo] 2 I

Hlo| 9 HE FgAE 2 FAE G2 o] L3 ol
1004320520000 | H]eHo]H = 1.2 o ° =N 18 o}
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Table 4. Applications of biofilteration on odor and VOCs source control

) 2 X
A | oaam | E oA 7 g A3
A a4,
- Monsanto wakSesles, 254¢,0 o5 2 {12
=] A~ X‘I_ 7 7 7
skl = Biofilter 1 Zbol#l, HEHE:, 80% A A
FZ2E2XE
o - Bohn , AEsre dxL A= o
ez Biofilter o1 57 OﬁéEﬂE |z 99% A
WAl zpoladl i
- Monsanto , — l{' i]e' 7€k 35~75%
A3 92 EEdHsE e .
Biofilter o} 2 551 e o3 50~80% A7
— H
Biofilteration o eF-2, W EFS, oA E
Fz3 Ak 1 ’ ¢ ! ~90% A7
e Inc.U.S %3 chlorofluoro carbon 80~90% 71
) N HE, #&, 273
k7| dFE ’ ’ ’
271, - PPC ’95 N EHE o H =, 95~99% A #
A ZF7 Biofilter oL = =
Etﬂ O]E- el
Davis and el k73 C6-C9
79 Environmental cycloalkanes, R
7 A 00 7
=7] ¢ Resolution, % BTEX(ZF ¥ &34 90% <] TPH A1
Inc TPHS] 20%)
; ¥Edds=
AR PPC , = ’ .
D Biofilter 95 alpha-pinene, 85~99% A A
Bata-pinene
Webster
- Environmental Felars, WEd 23 | 384 10~ 25ppm
=] X}- 7 4 7
sk el Associates. %6 o|gslvd 98% A A
Inc.
NEES Bﬁ’l'diesat;t;‘;“ 97 | ZER, e, olAE | vOoCe] 95% A7
A9~ PPC et 2 o H Z, Non-methane
1A= Biofilter 97 | =" E, AE, AR | @34l 85~95%
AzA A onte Fu, BEFs 5 A7
A A AZA il =5¢l, Mol aid
g, | DUMEIBENZl 1 Sye e, obAlE, | 95% ol A
FANE &8~ EEAS

<AE> Joseph S. Devinny et al., Biofiltration for air pollution control, 1999.
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as

Figure 3. Temperature effects of relative biogas production rate (m’/hr)
compared to mesophilic anaerobic digestion. (sewage sludge treatment)

Table 5. Advantages and disadvantages of anaerobic digestion technologies
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Table 6. Operational strategies of anaerobic digestion technologies

as compared to mesophilic anaerobic digestion. (sewage sludge treatment)

national equivalency for Class A.

Digestion SRT Total SRT Operating VS Loading
Process (days) (days) Tempe.rature Raste Patent
Regime (Ibs/ ft’/ day)
Mesophilic .
Anaerobic 20 20 Meso 0.16 Conventional
. . process
Digestion
Staged or
Extended
Thermophilic 15/1.5/1.5 18 Thermo 0.3
Anaerobic
Digestion
Temperature Iowa State
Phased University,
Anaerobic 5/10 15 Thermo/Meso 0.3 Infilco y
Digestion (TPAD) Degremont Inc
Aerobic
Thermopilic
15/15 16.5 Thermo/Meso 0.3 CBI Waker
Pretreatment
(ATP)
Two-Phase Meso/Thermo
Anaerobic 2/12 14 Thermo/Meso 0.4
) . Thermo/Thermo
Digestion Meso,/Meso
Pasteurization
followed by |, . 15| 1502 0.4 Propritary
Anaerobic process
Digestion
a Believed to be Class A, but PEC has not approved.
b One process approved as a site-specific process by the PEC, but not approved for

Testing may proceed on variations of feed and temperatures of each phase.
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2. d71d Asrlsd digk 7|2 o] &

7 @714 a8 A

HlolQskaE AE QTR e, olgecle] Al dPpmm BEZ
0SRA ¥R B ATAN 2718 AAHS GLA9E AsGo

182140] A$0% ofurb=ze] 93] olzlo] #et/1E CHb vlgelet 2ol 43
P ATk B%ol 1884, FEF Eso] wejeol Shat spaFo] A ol 2sh
g AR QA B, el Al A A ool el ag w

AlA, 7k S o] &8 AL Aletalit) 194]7] Fuko] Hof, H<rF A4 Laxie =
st Aol 2 ol=2e2], 7|4 Aol & FHES WA HAUTE 18974 Q%=

Bajolale] gz} WdoA] HEE nfo] ot TWUEVL AN, 27)oE 2HE
o7 o] gHI 94 Ur 19071011{— YA7FAR NS FEAA A7E s = &)

%Lﬂgi gzl 2ek F1g Hg AR FAE AR o] &3] Azttt
A2zt AN AA =, Asrr2=e] o] & &
& iovl 91k, HAIA (float) BFe] 7F2=87 v 1145
HAL, ke A7) dE sAbe] wujEo], 7 9T
o} OM@}EM 2 Al as XA @ 7HEE A5E2A FEH gEAA A
AA Ak A5 E2A &3k Aol Asish A2ak AANA A3 A T =
ANAE A5 For7t A4 S7FeEA7] wEel FA e FX oA Tt BAAZFE F7HA
ExRow ugEo g =2 {714 HriEe] FYHAL, o)Al 7o £F
il o|t}. 19551 oll+= A4+ HEAI 7] & BEgkon, o] Al7]dl= F7]4 H
ol &R om, Ho]Qrta ZWMES] sMgo] Ao AR EH 19721 d A 73
I % e Ed a7 AR YA M vto] o Tfel Al
AA =k 1980 F-E 19851 Aloldl, B2 nlo]Q 7l ZHETVF A oH,
19853 H-E] 19901 Alojdl, HEO ZHES] AHdE Wo] 3oy, vtolerk A W
Hell #AS 7HA 3 =8eta ik
’6471*4 Aﬁmﬂg <714 li%oﬂ vl sl w9~ H3tste, g7 Q1A uj

a2 AR Aol
7
o 2%

jﬁﬁitﬂirﬂ“‘ lo

Nornomoe m“i

M, 23 AeE ds T ¥l SRS

ARE Akagse]l flojE 971 90% ol del f7HAH) R AN, e
NS A F A, FeA DAFE 4% FE2 v]9- Aol 5714 Al HlE|
A e 7RI dutde s @7 Aldg o8 4§ F5e] COD : N : P v &
& 300~500 : 6.7 : 1 AEolt}, dRA o2 BE H47F P E AEEHe 3 oy



H, #5e] FE=7F Aok 1,000mg/ L o] Fd Ag-ol F= o] &5 =dl, o] A= o9
SEE 7 dgs ofxby] E2AY FAAS RS 5 gl vl SAEHA R A

A= g3l (hydrolysis), &3llAHEe] o8
AHES 7]-E o] &3k v ' (methanogenesis)©| TF. 7Hital o WA =
(liquefaction)?} AFAY/d (acidogenesis)©|etil e gt} o €AY
714RkE AR e FH2o #EE daet HeA
b o] dAS ke A SATE

W=

3
7 Abolell e
A2 7785 Figure 1-1°] “YERH AT

100%COD
nER et
CiE  ESEE AW

23}
TEAF] F7]Eo] EajE] HES dAse A= 372 EHE T
* 5 r

)1\1_
A A o] 47H«1 A

g
I

o i by

= o

g 5 S| MAst
34%
35% 11%
EFNPNEIPY et PONEIVY
H| EFAH A EFA A =

100%COD
Figure 1. @714 Zsfol Aol Azt ws
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N
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hydrolysis)

=5 F
Al T4 = S7HG @718 43}
= Aol WA {vh. FUIAE aFpEdAM=
o] AlaEe] A el 'A S (extracellular lipases)S A
Al o] EAEY triglyceridesE  Eallste]  WhEARE R AW Ak(fatty  acids)b
glycerol= WH=T} o} T A28 dwz el &4&(proteases)©] & 714 A3hel
Holgt=d oW FFES vl Foldo] oy vE FHRES o 7 @Ay
HE] = (peptides) & #afl gteh, @A Re] a5 493 W2 pH HAG~11)A 2
&3t pH 7~8 ®IFlolA FHE Kol SATN a4E2 FF okd
metalloproteing = EDTA #- agentsol| °oJal A3 We=Th HEE o]

= 5 Y

=
= &
W ERe HuARe Fa5e 5Ws §719 83
5

clostridia®} micrococci”}

i

& ¢+ (organophosphorus compounds)
of Rzstt. A7 AstelAe vdF T &3 FTHE A4, hemicelluloses$t =
T soltt o5 B 7|0 vukd Aol ol Baus AlES] Vi aa
of o]a) et} pectin?} dextran®= B 7|4 Astol Al s ETh

(2) & (fermentation)
ohiledzt PR 4 47 wEE 5 Ui A5y A% @4 MARES
alkanoic acids, purines, pyrimidines ‘s & 3}7]
AT, WEEALe oluwal WEe Fad

=
propionate, butyrate, formate, acetate”’} AJ/JE T} o}H Ell(acetate)o] TH HFAE

2 AFAA 2 d (acidogenic fermentation)= #7143 AslolA FHo= JHF Fasit)
Acetate, propionate, butyrate, caproate, caprylate, valerate, heptanoateE> &714 &
st FAA Fag FHEAR], A A ik(volatile fatty acids, VFA)o]2tal &
3= FFE T oMHEARS pAFstel & X1 alkanoic acids AFES] @l
Aot AAE = pAbshs AR 22k s ZellM ©a 27N e AASE =

Al thAL g olt}. Alkanoic acids®] 714 GAbstel ofel AJE el NADH7F A
1A "n olglell AU AstellA Fad 9SS st 27HA HE HFAERE
Abstebaet 4 FA7F vk olE2 3 F B Aol Jiu ik (formate)S 714 3=
agal o2 7HA g wa AR FIhdAA At v RbeA2
(acidogenesis)oll °]g+ 77|15 IS yEbd Zloth

CsH1206 + 2H,O ---> 2CH3COOH + 2CO, + 4H» (Acetic Acid)

CsHi2O6 + 2H, ---> 2CH3CH,COOH + 2H,20 (Propionic Acid)

CsH1206 ---> 2CH3;CH,CH,COOH + 2CO; + 2H» (Butyric Acid)

)

ol &
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(3) cFAIEALF A3 (acetogenesis)
LHAEet HEAG MdES g 2a HFAAES AR dgez [didd = 9

il dEA AU o2 sgutoletal FE Y Methan-obacillus omelianskii7} ©F
& HHgS Fgsita Tk

2CH3CH,OH + CO, <» 2CH>,COOH + CHs

a8y M. omelianski= o T+ F7e Adl F71A4 Aol vl Z2HS A A
Az FAAE Adrtk= Aol WA o] AAL] A WH AT oAEANY FAE A

Ak
CHsCH,OH + H,O < CH3;COOH + 2H>

MENE A7 dwen s + Ak VY Gud f718 sldong BE
A Fa A oA EARYZ] At (obligatory hydrogen-producing acetogenic bacteria,
OHPA)eletar &elxl o] Al 9 #&dAre] &4 £938 A7 A T4 8
@ 3ol wr}

(4) gt A/ (methanogenesis)

WS oLAlEMt] Fa@ J1Hol A olulE Fate] Awthe] 1RE WEHg 4
4 % ek

CH;COOH — CH; + COz

O} M EAL -3l M1 (acetoclastic  bacteria) <] Methanosarczna barkeri= T3+ wEhE

(CH;OH)< 7|42 o] &3 % o). dF vetd Al 52 formaldehyde (HCHO)
L oolge = glom Ag/A ezl nlRe BE f%‘éol olibstEAE HF HAt

87 (terminal electron acceptor)@ ©]-&3}o] FAaiAte] 22 REH AqUAE =
=

4H, + CO, — CH4 + 2H,0O

o] Whg2 sl ueFd W d AdEe] VEA TEE0l Aok 2y o]it
o ghddo] A9y oM EALC R Y of 2ule] wghe] by E
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@714 28340E 74 GAEE kgl delshs vARTEe] EAA Hiw),

F5% olETh §71%9) ARt A WE w3 I
o @R OE olFol v, YT v
s

“
So MBS WA AFHol Fen FHEES we

o)

u!

=

ZFrasiel Has FdE ¢ A= HHMEAA nAEEA 71 astxolA &Y
g1 mAEel=
Desulphovibrio spp., Corynebacterium spp., Lactobacillus, Actinomyces, Staphylococcus, “1¥]
3L Escherichia coli.7} E3FE o] Stk 7]E Ast4 el 2FOS= HW proteolytic,
lipolytic, ureolytic 3t3t=o =+ HA=I HE= cellulytic enzymes©o] ATt H €A
e dsks mAdee d™e A d714A8=Y LA (archaea) o2 EFE T E
1dagtzo sAHs B2 MEgddee weEee] o 2o Aoy s 771
4 AdEoA EAE= A A A=l FE S22 T2 Uiy
(Methanobacterium, Methanobacillus)¥} -3 (Methanococcus, Methanothrix, Methanosarcina)
v ze] St

Clostridium  spp.,  Peptococcus — anaeroblls.  Bifidobacterium  spp.,

Methanosarcina$t Methanothrix(Y23F Methano saeta®}il 3 W gbz} o] bbbl A4k
of ofAHO|EE AT & e KA HAEe|t Y e WEALs 9
AATEAZ o] ASetAE o] &3t FA4E AFSAIZIY. Methanosarcina® E5F &<
7Ie} FE0°] AdE WA &= 65ColA AE Loy, Methanothrixe A E LA
sttt 60T o) de] oA G40l werAAd A Methanobacterium-> v-§- 22 %
o] A wWehAFS F pH 6.7 ~ 7404 7H & AFsta, fr)ake %, &
T 5 YAAE A Wige] F38] wze AeR HuEa vy Hgh w e oS
ATt oS BAE ks 7IEEHR o] &SRR 4F AT ET AFEET) &
A el A, obAEAREA vrEl ol e 1hr' 9] umax #g 7HA = v o ek Al vk

)
o
e
o
o
=
5
HI
o |
il
2
nd
2
o)

_28_



1-29F a1, Mg BAde A% vbex9 HA pHe 68~74 A= olth W

methanosarcina sp.

v 1.0r- /
z0 0.8 M.mazef
.—LJ y /
< 4 0
T 0.6 ‘
20
i?i .arboriphifus
= 0.4+
)
X0
=0 B ' .
3 0.2 )/M soehngenii
=

0 ! L )

A 5 g 10

Figure 1-2. pH$} W80 Z-53te] w7

Z 9 pHE f71E &al#dde FHAGEN ZhE9 b AA7E=Rl COo % &
o2 Zolnt. 5714 Aot wixr R #7144 A A Feke] Fbel wet T4
AESQ F71Abe] HA =, FrAe] A4 WE pHO Ashes wWeAAd Y &4
S A g} Figure 1-3-2 WEHAA, dA7t AT dertse 5, 7l2/H71%5 H&
of theh Fate] FEFE Fotetr] s AT AFAAE el ok AP Fete

4 ~ 32 kg-COD/m’>day ©]g1om, o] 13
kg-COD/kg-MLSSday°ll alQ 3ttt === FT243H
43} 10 kg-COD/m’day?] F-dtollr wlgrlxe] H&& HuE How, 13
kg-COD/m’day®] H-atellA] 7k~ @Ale: @ Raid 7he LARHG/Fo] g

Ebdich olu] pHE 63 AESITh 3H F-3 15 kg-COD/m>dayoll A wigte] £& 2
7h2 BAGEL A9 00 HZskglon, ofuf pHE 6 AXESATh o] F Zhx RS
% Z7retel=, o] 7hae iR COxob U HSHow, weke] &2 A 09
ATk wepA] vhE dalAtel] o et glubd A E g HA pHE 63 F=<]
Ao Bl gt dH gl BAPE = COe B339 pHol wet %

o] Wslstar, COel 71?13+ HCOs+= pH 55 H(iRiliaEJ)= 7tk Figure 1-4:
a3tz AN pH S Ed FEXEE Y Zlolth. 19 7914 pH7F 894 6.3
oz gt wel &astxo] fxeHo]l AA AdsH e, olHd d4 HCOs 9
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Figure 1-8. Methanospirillum hungateiol] gt F=Yole] #&) 7]+

K7} 400 meq/kg o]/dol 1—5— 23} Ao 7Hsdol AA e, 800 meq/kgol gl
SR SR AL e e dHA Qe gt g4l Adns 2 ke
Fxof ogtth. wEbA] 3slE, gkl o R oy Ssofl st FAS Asans 4
AAZITE v Aol ES] Ao ok 78] Tk AsadE A7, &
wo AEe LR SRS Folv AU Utk F7] %ol Table 1-5%
ol W oA Awl W BAR ok wel wAze] Yo ZET e 5
39| 7 A o] 2 (antagonistic ion)o] USH FFFTE FF I AstFo A VFA(F ELH
T 50~500mg/L01D} Het Aol didk VFAY &85 VFAS £5, Al
FAAEY 250 wa ttEx v dubd oz 2000mg/ L A Eo|t). zJ(Cchoom



o Mg ARzt AL o delA on, ¥y LiHCH;COOH)S 3,000ms/ L A
EQ Aoz d#HA Itk VFAS A2 1 &g we =21 v OH*‘HH

VFA(UFA:unionized volatile acid)”} A|*EuE F3st7] fi 54X stk =447

Table 1-5. ¥fol°] SAS UEtl= HA o] 25 = (mole/ L)

o o 7] o] £<10mg/ L ARl &EA
H] <= 3} &3} H] =3} 3}
Na* 0.2 0.3 0.25~0.3 >0.35
NH," 0.1 0.15~0.18
K* 0.09 0.15 0.15~0.2 >0.35
Ca™ 0.07 >0.2 0.13 >0.2
Mg™* 0.05 0.075 0.1 >0.14

Howm v 4 gtk of AelA pHel Ash

5 T ko], opgPitolee AV Ao FdHo] FstES AP
oh &S RS opvmite] Eal AR gstEo] AHE. S e B
& rd<atols b <otgibd<gelE o] o7 wR A (R AHE S W'k A 1) el
A&l 2H-g-0] At} Table 1-62> kA& to] 23 FalE o] S0 4S el Aol
th b sdtel = vgty $Ud V1HE ol&dte TRV AL, o5 w4
Ao g wgkto] Hls] fElsith e pHY 2Ewstd disixe HaEe] A7
ol FstEe] A A e E Eol FaS Fstee] A7 vEuE vk
© Baol] wel gEAnt 7HAd $EHE Y] == 100~300 mg/L H=d Aow o

A oy, HoS= FaollA tha3t #Zo] dlefs 7] wieol L As| &2 pHell o]&%
t}. Figure 1-9¢ A &<& 3tz gk Hlalg] HS Hl&(f HS)¥ pHete| #AE
et Zelth adelA B ukel o] HSe pHE ahdel wet A Srksk=d,
Hlalg] HSE 23 As)a8S nolt oA HaE x| &L Bt AEes g
g ast7] 471 wolth
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Table 1-6. IEFY3} FALea919] -5 (FF 3 H)

s & 13-4 (K])
] kA A
4H, + HCO; + H — CH, + 3H,O -135.9
CH;COO + H,O — CH4 +3HCO; -31.0
grkA gk
4H, + SOy + H — HS + 4H,O -152.6
CH;COO + SO, — HS +2HCO:; -71.1
1.0
0.8
0.6
[72]
I
041
02k
0.0 ! i i 1 |
5.0 6.0 7.0 8.0 9.0
pH

Figure 1-9. pHell W& A && 3tEol gt vlsfi2] H,S9 HlE(f HaS)

42 Table 1-73F o] AL ©HA|, wlgb g4 dAlo] 2dAl =

RETA
[
= g =, 4 dACAM Y M dFH a7 2 AdHS B4 me E

= 2
ojFol el 2ol mipd Zb @AM et Abole] Eddom ]l AsjE T
i ez Fe whexd A dAs Wadd dAR FEskE 2uA 2
geigol AtEAT 194 vEgxol M= shuhe] REgxolA A3 mdddol &
Al Doy 2= ]l 4 @Al HH = =-4s7F 27 AaL, 5ol
= H Ao Wste] WA W QHgAdol A= A5 LA 28 A Ea e
M=z dAlAM e A xzds ddeA FAAMA & o den, vEnsxo
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et zrt gaHor zHEEA o
syntropic bacteria®] ¥h-g-o] A& Wo} f7]4k5, 53] propionate®] =

Hhg-oll As7F dojuyAl "l Propionatei acetate® H3E &= W9 A-f
stz A7) wiel v stgeol wlal Ealrh ofHoh B3 frIttke] FEH o
pH7F 5&8HA WA A =4 sfglstA &= F71=°] uncoupler® #-§, 7|4
7ol A H o wghtae] A7t v o AstA "

Table 1-7. 19tA ¢} 26HA] S xA 9 vl

o hm =] &L O
T R
=] A} < KeXh ol
¥} kA &2 (C) - pH 49
718317 A E ] +100~
1= N B 30~40 2~4% | 4~45
Gheadd) | 8714 -100
W e g Al | Z&43 30~40 | 3,000mg/1 150~
26| = - o "6/ 6575
A 714 | =243} 50~55 o] s} -400

FA0] o dEA WEEe odHdn, e A8sAst 3l
A g wel miFsel wEPAolth W MglEE SE5} 2o vg 4YIy
of F&H) wRe] Wzt YPRE I TF LEAAH ME EFL 5] 9shel
ofe WWHEE, FewAS e s foh By dElEs B, SR,
AEERAe] o] §H I i At B 1 99 3R d2FFA, FYRE

asEd s Aydrs B B2 olie] v EALUE e
Alaste] EdE Yol A= A, awine deArt Thssite H, ARV 242
Yriah vlal ghebeti A e o) ARk Au= A, wEvkse Ajolgo] ThE stk
otk ®hd, @i om= AYEKErt =t A, whe7le] dds), B2 H8e] 59
o Aelth aEy AR (8L TheRdlE 2 ), T, HRAdd H
WA RS e, 474 HA pHeE A £dE s HWH, dANkET]
Hjste] a&AE|7F 7hsshAl k. ol mebA g E o] wehdaze b,
T2 duA depy HrigAds AEsteo] ok =AY, g, Fat
H71E sl vstA HaEa glow, Al 234 Wetaxe] AeEE4 Fig
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ure 1-10°] YERHARAT ASAEAGAA I Tpastgor Gt Hojglal, Akt
BAIAE L mabd e 200M, Zhagtatd S fdTbE| el dsal 3l

[e]
Hk-g- =

1

of wsfjNsl ABAEREFE AFolH, AFLdTTE APt aEs 29 E, wekdt
ZE 6dALER AA 8UdAE A edtt wEeESko] 240~320N L / kg
HekrEgo] 3, vess S7F 58 HATh

g
5
e
¥
(.
!

3 = qow et AEErlel oate] A4 71w A
3t F2 854 FU1ES R A5l A HgHol gon AyidER
Hx2l L COq, H _» |CH4, CO
iU
ENPETE] l T o1 5t ohA 5t
nguan) || N L] S8 || wEE | =2
L 252U

kS A Sefx] EAT] A2 Aol e Whd, wo] mAE2 g d
Hdetel sAgol Bt SRV =9 A7 e A A FAIRMS st R R
Aol AQqtETE Aokske wale] vk ey, HE ol A drid s
GHE S5 9] Wg7]o] biomassE ILEFEE FAFOEHN FA] MAH I
E2 71 F3HOLR)7} 7}s ¢t Figure 1-119F #©] upflow anaerobic sludge bed(UA
SB), anaerobic filter(AF), UASB®} AF®] =% <l anaerobic sludge bed filter(ASBF),

abaerobic fluidized bed(AFB), anaerobic expanded bed(AEB)&©| 7= 3lom A4
AFES] =S ST AT A A8Ha
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Gas Gas
Feed i Feed ﬁj i ,
Amnaerobic contact
Completely mixed process Upflow packed bed Downflow packed bed
Gas Gas Gas
Recycle @
Feed Feed
Feed Upflow anacrobic UASB incorporating
Fluidized bed Expanded bed sludge blanket separate settler
Batch feed Gas Gas Gas To
Gas q aerobic
Feed Feed —T~L_ (reatment
~BEFH | 15
H Lo 18 o Membrane ‘
T Two-stage
leaching-bed Membrane solids Anaerobic contact
Baffled reactor leachate filter separation and aerobic polishing

Figure 1-11. A& A< 1588 7|4 &3t w37

et @714 43ke] HAd

AAg e st 2 #H7], S2A A3}, 2, AAaAA, e, Hdwe] 3@
a9 g2 Haek S9A Ao S fske] AEHAT. ol d SA HA
e MAE AEHe] Fiz Qe Ax FAE=EY JteiaE FXskaL, oz <l
seA Y] ARAAES Fole Adom deA vk A o] 7124 A= 13l
7hed AR A EA agEe] A AVIE A7 vAdE AEY
A4S Boske AXES daskes Aot webs &4 sk dAge dAHS
Sl JodsnA e AstEu o B2 Rl vt HAE T SuAY w
A= dar7ls A 2dn & A=y 2dbes AdA7s SAelsta &
Ao, Aeetd Aste AecHy w7tdFedl oa &7 7bed 771 £5AY &
g em Fost = vk EA &l dolM A IAA), A=8H4, st
Ay wHes dAF =49 A7l #HaAZ e, A7 AEEo 2 A
A WS 7IAA A2 259, ball mill, homogenizers™H. 313814 A 2] #H
= AR, oF, A, ey viAme R dAe, sA-gdAe, aisFrt
o3k AEsty s 28 P sol k. 53] &Y AAdg= s 27
d, @714 Eelle A Addstel a8 SuA AEst e E AAH 9l

A7 AP F7148 #H7IEY] A, 714 Hde] bstE =REaL, a9
|7t22l HgZtAE A ool Utk aHu B2 Aol oA @ W
HE o] iy 3|55 FE3 A= Fete AAolth olgd U9 IFFE
A A1 asksEe] el Bt AFTE o] FojHof gt 1 g Wete g U
4 sl A HY T EAYEE S EYcske AS ' 5 Ak @AY T
=(60~180TC) HdA W HOE AT A5 4o FY= diFfd dustry &84



&3to], A E Tl AEXHS st FEYET 6}401
AUtk EAE 2= 9 ARRE 22 10 0~225C 30~240%"
HA g JolEAE VRN Agds 159, ZUleE 35C4
& A ads zApseleE, dakEe MW dxele] ¥
7b Aol AskA ggton, Jolge XM= Al Byt B Ao R ek
ok =g A8 2% 100ClA 14%, 175Col M= 60~70%°] 7k227F Sol=E Ak &
= dAYA 2AE = Xisﬂ‘”‘ Aol wet Thse) S
o] AstE. st SEAE A DA YA LA S0l Lo AEdo
*MHE} T A dAP2Es 150C0] L, iﬁ‘r 155 10€el4 7tasdes o

N
=)
o

_

of

5]
WgEe] AZNG tAFAY &

o

A7} 2n
g dA-g= —*—EW% AT *oﬂMW Aol ofs) AL HFF F=
A& AU A 25 = 7] 3
date] s WEAT7IL TS FATIE et d dAA-E e Ay = 3
E@Pgw A F7HA14 g 9 HYd AES AMEAT EY a9
2 1 = g 2o ozl Henlgo] F7tstr] w
%11 7.%%@} 1&3011 A8 A9 wWdEd HEZ dash Aoty m=E4 o]
Cambirle] €7xx8] 7|&S 165C=E X~ ZAA FEAATE TEE, A 9
P 15-20% 2 Grstofof gt ol 87h4el] A&H AF o] 9lon,
SelA S-S 65-70%, &3 FUFES 30-50% kAl Eel A QT

.E;ﬂj\

o
j‘

F

HH

Ao R Z&3eh 16kHz o] Xs+E 7ML e &3E sy, olefg
Z59e MSEE A IE duAYo R 353 (Cavitation) o] =d, 7Y
g2 de] AN, Vx| A, TR A Vx| Fi4 9d T 39AR JERdG
th o 7IA AR AVIE Fsst S o] A AR 259 SYAEE Y
e, 27lo] FEst AS AP fME 25T whee JAPS s 2
3 25y A7 50%014 A 5o ok OPU% §‘r§“ﬂ T FoT duryoR Ha

o (e}

71 AA w7 ES RN, 44‘?&8, TARNGo R P oAAH D 7hA]

gr)zo] AFE = GARA, e 2595 A HW fr%

o v Edo] #Z-& FAshA ¥t H,O- H =z OH #uZ= g,
I3}

—
2
I,
=
)

=
&=
olo
o
tl

<ol 23E AES frle = #uEs A dr © Zﬂlﬂf(Propagatlon)ﬂPo
MARES SAN A AR ezl o8] AM=E gfrizdo] A= dA. T35l A
e ez ks S22 9eAES whgete] ARe guds 49T @ F4
(Termination)¥H-&- 2ht]Zo] AW Al AR Zo)zto] 10°% kel W30 Hols
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of zdgh f71%e EAFT wek Y4sE Bl v f71%e] Ag o
FA1ET We] f718S LaAAE ol o BANA Aojurh whe] f7]%
o] 91 wE ez ehrigel wsdlel thAl O HEOMIAL H0E 448

s ofN
X
b 2
o =
g =
) Hf o
ofo rlo
2
o E :i“t_}l‘l,
4
2,
>, oH
|
o
offl
oty
o
ox,
o
ol

a7

b 2, pH7F Yo
&l Akshsl HJ%O] S A A

al& S71E 98l TVS 27,800mg/L, SCOD 280mg/Le! <
g&EHAE Z2S53(3.6kW, T35 31 kHz) 9%6% &<t FAMAZS Wl SCODE 6,700

7do] 165mol A 259 w3l §- 85um= ‘?JX}EU] 3271
ERskth B3 25 ol § S or IEA AVIHAES 37CAA g Ay 43t
29 & ZHF VSE 45.8%, o3 w3l 503% 5 UERNAAL, 423 89 F+= i VSTL
443% 5 YEFRT

(3) stst4 A

Aoy FRe B S %7]%% 7HESMAI7I = A e
ol qbale] el mle w4 defA daL, "l FA™S
NaOH/L, A7k 7 diitoltt. ozbe] =S F3
Ay B v& el vle 7hest adrt vl A7) dEe] ¥ f71EW Tt
&3t = 9= #Hdl COD AHE7lEo = A7|= 3o stesdAsE AR AR &
ZejAl e Sl mE e A a8S 7ESSE4H, NaOH, KOH, Mg(OH),,
Ca(OH), 52 °l& $- NaOH 39.8%, KOH 36.6%, Mg(OH),
10.8%, Ca(OH), 153%% &z A9 FF T4 NaOH7} 71¢ 2 COD &3l&+
UEbth gkl A e FYs Jojeei Ao AAes dEAgRugs I
gof o] o] FojAal gty Y& AE 344 #e](0.6g NaOH/g VSS), A
(180C), <&-3tekd ] (0.3g NaOH/g VSS, 130C)Z A gste]l & 714 A 3HHRT
8days)E Al A& A% dAASA B2 JolEei Al Hla] wegdEo] 1449, 1.8,
220 A= %7}0}04 d-spotz] Aele]l g&o] 7HE w2 AdE EAo T3 o
A AgAlel s xe 7F7174&S] protein, lipid, carbohydrate

EE

< YA

;

»

o AR =T}
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A FSAERE HES f714 A AN EAERS AFE o 28
v 297 AET, shre S agdor Ag 2 weshy] 9

Digestion)9] %5l 23¥ 7|de & X
3}(Thermophilic Anaerobic Digestion)®] &&7% %3 % biogas A3l -5 T &

@ AAE Agay] el f35e] BY ARAEE SHAA

ARG Zb Hlr= wis 20 LY oF 203] AA AF Sl AFE AR

SAGAIL A A7A 4 °C Wae] B#sigien tCOD, sCOD, TSS,
VSS, T-N, NHs-N, T-P, VFAs(volatile fatty acids)e #A3l3ith BE 42 w=3
THAPI ] mEAEHA sAANEHES Wit sCOD, T-N, NHs-N, T-P, VFAs+=
GF/Co] 2} % (Glass Microfibre Filters, Whatman®, USA)Z o] &3] o735l F RAjs}
3L, tCODI} sCODE =2 47| E(HS-COD-MR, Frl2)E AFE-31Ith VEAsE A
% 10-mLE phosphoric acid 1-mLE AHJ 3} 3 ¥ Supelco Wax 10 capillary column
< W3 GC-FID(14B, Shimazu, Japan)= ©]&3dto] #2413l 41352 acetic
acid, propionic acid, butyric acid, valeric acid®A] ZI}+ acetic acid= $H;Fs}o]
VFA mg/L as acetate® Z s om FiHtk, S =27 &5, 19 &

2 x| o] EA& 717} Table 1-1a, 1-1b, &3l 1-1c9t #}.
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(2 23 3 aF
4|99 TSS+= 13,600(10,000~19,500) mg/LZA] 2F 80%7F VSSo]$lal tCODE
32,300(30,200~35,700) mg/LZ ©]% 60%7} sCOD ©|lth. T-N< 3,590(3,410~3,730)
mg/LEX °F 90% 4 %=7F NHs-N ©]lt}. VFAs(Volatile fatty acids)™= ©]&% sCOD
°] 60% AXE AAstal U= Aom Hol ihlgrl dF PH Aow AdkE
80% X7} acetate 12|31l 20% JE7} propionateq] ROZ UEFRTE 5241 &22 7]
&9 TSSE  38,500(31,500~42,500) mg/LEA < 95%7F VSSollil tCOD:
106,600(96,800~111,800) mg/Lo.2 ©]F 40%7} sCOD ©]At}. T-N< 1,420(1,230~
1,580) mg/L=ZA °F 10%°8 =7} NH:-N ol ith. =4 =287 A& Fatdset @
g pH = 292 2hagr}t oln] aH Aoz AWEHW tCOD2 60% A=t VSSA
Aow yetston T-NE °oF 10% B=7F ¢Fyol dejoln tifE2 chuld e
F7174 HAax2 Alsd. sEE A9 TSSE 16,000(13,000~20,000)0 mg/LZEA oF
80%7} VSSo| 2L tCODE 20,660(16,650~26,700) mg/LO2 ©o]F 2 % AHEWE sCOD
o]l T-N- 87(75~100) mg/LZA °F 10% 4 =7} NHs-N o] St} st5-&d A 5
Abdlgeol @] tCODO] o2 VSsel o= AW E A T-No| mj§ @& o=
el 449 tCODINS 36102 74 ngEo] 293 COD:N H&9]
100~200:590 Bt} A veElal 9l NHa-N 3,240 mg/Le H714 v A8
S 54 AEs T A seE dddy. wdbd COD/NH|E F53at7] 9185tk
N )

=
= et A Aol W2 SAE2UY] A& shrsu Ao el F
I
=

Table 2-1a. Characteristic of swine wastewater samples
analyzed after filtration on GF/C filter except for SS

Concentration (mg/L)
Parameters
Average Range(20 samples)
pH 7.88 774 ~ 8.18
t-COD 32,300 30,200 ~ 35,700
s-COD 20,450 18,500 ~ 22,350
T-N 3,590 3410 ~ 3,730
T-P 15 10 ~ 17
NH3-N 3,240 3,110 ~ 3,400
TSS 13,600 10,000 ~ 19,500
VSS 10,300 8,000 ~ 14,500
Alkalinity 7,240 6,430 ~ 8,000
Acetate 8,700 5,810 ~ 18,000
VFAs Propionate 2,200 1,940 ~ 4,300
Butyrate 650 560 ~ 810
Valerate 120 not detected ~ 410
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Table 2-1b. Characteristics of leachate samples from food waste

analyzed after filtration on GF/C filter except for SS

Concentration(mg/L)
Parameters
Average Range(20 samples)
pH 2.89 2.65 ~ 3.03
t-COD 106,600 96,800 ~ 111,800
s-COD 41,260 36,300 ~ 42,650
T-N 1,420 1,230 ~ 1,580
T-P 240 110 ~ 360
NH3-N 220 150 ~ 250
TSS 38,000 31,500 ~ 42,500
VSsSs 36,700 30,000 ~ 40,000

Table 2-1c. Characteristics of sewage sludges samples

analyzed after filtration on GF/C filter except for SS

Concentration(mg/L)
Parameters

Average Range(20 samples)

pH 5.27 48 ~ 571
t-COD 20,660 16,650 ~ 26,700

s-COD 520 170 ~ 740

T-N 90 75 ~ 100

T-P 11 10 ~ 13

NH3-N 67 55 ~ 83
TSS 16,000 13,000 ~ 20,000
VSss 12,300 10,000 ~ 15,500

Alkalinity 170 140 ~ 180
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afe] 2312 A 43} Biogas Aol LAFE AT
< i sosiy APAA a9tE ATADE AlF, &

BMP(Biochemical Methane Potential) testE ©]-&3}o] i @7]
A =E SA7 el oste] ATAD HA e 1A} =58

—~
—
N
>

U

iy
X
ﬁl
g
ok
T

= = = )=
A AR ATADO 9 HA $HAAE A7) fste] e 4l
e wEE, Ty, e%, 23 Y A FAIge wste] o3k sCOD9t 3

H =
d {r7142H(VFAs, Volatile Fatty Acids)®] S SAsoAth AFLH 2qtn
ATAD HH$7)& ©Wld 143 em’, ¥0°] 16 em2A Fa5FY 2-L9 958 Zgixg
A2 "k$-7] 1 set (Figure 1-1a)¥ A% 950 cm’ *¥°] 15 cm®A F&H¥ 1-L9]
AEFY FElAAe vA Hefe] wkg7] 2 set (Figure 1-1b, Figure 1-1c)& AF&-3}3l T
747y e] wh-g7lel FAFE G 1.5-L, 1-L8F ofibA] A&t st e)de] Az &
=55 7217 10-mL, 0.7-mLE =3}318lth 232 57 °C BOD incubatorel A o] Fo] %]
ow Z7E gste] FEFF F%Fo] 25-L/min ¢1 MotorE A}&38tQth 12 714
23t T8 TR AMEEHE f7148 A SAETE F2 WA COD/N, i
Yol s (@71A4 vAEdd 54 s5), 9% 3 55 adsds s A
=7 etrEeIAE 94 HER EFste] AMget=s AAsilth A3 19 w9t
A &5 o™ 0 hour, 4 hour, 8 hour, 12 hourdl 4 A|RE AHAT ST AHE =
Al=mE pHS 55 SA| SAAAL 4 A7HA] 4°C ¥ ate] Hastglth

() (b) ()

Figure 2-1. Small reactors for optimal ATAD conditions in BOD incubator

_48_



a2 F@71 Aste dig AdsiEe AR APAA ATAD FETE o83t
BMP(Biochemical Methane Potential) testell ¢]sfo] #7}star 71 Ayfo| e} 7¢
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Figure 2-2. Picture of anaerobic chamber used in this study
to deliver inoculum of MCR to BMP test flask
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Figure 2-3. Picture of Master Culture Reactor used in this study
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Table 2-2. Characteristics of artificial wastewater solution

with sucrose as C-source

pH COD with Sucrose (mg/L) | Alkalinity (mg/L as CaCQOs)

7.5 13,000 1,800

Table 2-3. Nurrient/Mineral/Buffer medium formulation

Nurrient/Mineral /Buffer stock solutions

1. Mineral Base I :
Add the following to 800 mL of reagent-quality water. Dilute to 1.0 Liter.
(Note: this mixture may form a light precipitate and should be agitated

vigorously before transferring)

Cocl, » 6H,O 025 g NaMoO, « 2H,0O 0.005 g
FeCl, « 4H,0O 2.0 g NiCl, « 6H,O 0.025 g
MnCl, « 4H,0O 005 g Na,SeO, 0.025 ¢
H;BO, 0.025 g Cu(l, 0.005 g
ZnCl, 0.025 g

2. Mineral Base II :
a. Add the following to 800 mL reagent-quality water. Dilute to 1.0 liter.
CaCl, 15 g
MgCl, - 6H,O 25 g

3. Nutrient Base :
Add the following to 800 mL reagent-quality water. Adjust the pH to 7.0
with sodium hydroxide and dilute to 1.0 L.
KH,PO, 50 g Na,SO, 15 ¢
NH,CI 53 ¢g L-Cysteine 10 g

4. Buffer Base :
Add the following to 800 mL reagent-quality water. dilute to 1.0 L.
NaHCO;, 60 g

Nurrient/Mineral / Buffer Medium
Add 10 mL each of Mineral Base I, Mineral Base II, and Nutrient Base plus
100 mL of Buffer Base to 800 mL of distilled water. Dilute to 1.0 L.
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Figure 2-4. Operational results of MCR
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Figure 2-6. COD removal and biogas production patterns of 10X- and
20X-diluted swine wastewaters at BMP test

4000 400
—m— COD —{1—Biogas

3500

3000

2500

2000

1500

COD Concentration(mg/L)

1000

- )
o o
ls) o

Cumulative Biogas Production(mL)

[¢)]
o

0 1 2 3 4 5 6 7 8
Incubation Time(Days)

Figure 2-7. COD removal and biogas production patterns of 20X-diluted leachate
of food waste at BMP test
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Figure 2-8. COD removal and biogas production patterns of 20X-diluted
sewage sludge at BMP test
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Figure 2-9. COD removal and biogas production patterns of 10X- and 20X-diluted
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=1:1:1) sludge at BMP test
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& 051 L/gCOD~0.55 L/gCOD®] 3L A=ae ARA=s 75% Ly
al

EaY ] 3
T3 Aom YEHAN F4=2dY] AEFE A

[e)

©
F7NHZA W F8&3 Ao wadr. g EYARE {714 HArde] VHZA
sk 20E 25 JANE AR e vlole ks A SHA FAE2H Y] A
STEts 4 ¥ Wol itk a8y A =2 e AT v29 T-N=
et F71A Astol A EaEH NHe-NOZ W3ty o] FHAkg 4o 712 NH,-N¥}
e F71A mAA=el A/ 54 ThsAdel Ak mEkA T-NO F%7F Ao
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Table 2-4. Summary of COD removal and gas production

of wastewaters at BMP test

COD Concentration (mg/L) Gas Production
COD after 8-day
Wastewater After BMP Incubation  Repoyal incubation
Initial (%) (L/g t-COD
2-day 8-day removed)
Swine 10* Dilution 3,000 1,500 700 75 0.55
Wastewater  Hou pijition 1,500 850 300 80 0.51
Leachate 544 pilntion 2,800 1,300 700 75 0.68
from Food
Waste 20* Dilution 2,000 1,000 600 70 0.42
Mixture  20* Dilution 700 1,600 600 78 0.48
Wastewater 304 pyijition 1,800 900 550 70 0.48

* Mixture of swine wastewater, leachate from food waste and sewage sludge

at a ratio of 1:1:1

Table 2-5. Characteristics of mixture wastewaters of swine wastewater, leachate

from food waste and sewage sludge at ratio of 1:1:1

Parameters’ Concentration (mg/L)
Average Range
pH 5.34 506 ~ 5.64
t-COD 53,000 47,900 ~ 58,000
s-COD 20,700 18,300 ~ 21,900
T-N 1,700 1,570 ~ 1,800
T-P 90 43 ~ 130
NH3-N 1,180 1,100 ~ 1,250
TSS 22,500 18,200 ~ 27,300
VSS 19,800 16,000 ~ 23,300
Alkalinity 2,470 2,190 ~ 2,730
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Table 2-6. Characteristics of swine wastewaters

12 27} 33}
P

20073 1€ 239 | 2007d 7€ 169 | 2008 1€ 7Y
pH 8.2 8.1 7.9

TCODcr(mg/L) 35,000 ~ 38,000 25,000 ~ 28,000 37,000 ~45,000

SCODcr(mg/L) 26,000 ~ 33,000 17,000 ~ 23,000 26,000 ~ 34,000

TBOD(mg/L) 15,000 ~ 18,000 12,000 ~ 15,000 18,000 ~ 22,000

SBOD(mg/L) 14,000 ~ 16,000 9,000 ~ 1,1000 16,000 ~ 18,000

TS(mg/L) 17,000 ~ 18,000 11,000~ 13,000 15,000 ~ 18,000

VS(mg/L) 10,000 ~ 12,000 6,000 ~ 7,000 9,000 ~ 10,000

T-N(mg/L) 2,400 ~ 2,900 1,300 ~ 1,700 2,900 ~ 3,200

NH;-N(mg/L) 2,100 ~ 2,400 1,100 ~ 1,300 2,000 ~ 2,400

T-P 700 ~ 800 600 ~ 700 700 ~ 800
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Table 2-8° ATAD %H&-x9] SHAGAE At 1 ~ 3656UZF ATAD WH&x2 &
Step 1914 Step 47kA & 47HA GAZ FH5EGTE Step 1 &<¢He] HRT= °f 290
om, §915:2 TBOD #-3= 63 ~ 94 kg/m’-dZ SHHAT). Step 2%-E = 23}

NRE Y952 A=Y, oy 949 F%7F Yol HRTE 15 U2 HEAHL
#1<=2] TBOD %32 84 ~ 11.0 kg/m’-d2 A3t} Step 3 &<tol= TBOD

B3LE 10,0004 Hol 143 kg/m’-d2 1801, Step 4 27104+ HRTS 29 =
5|3l TBOD 312 9.0 ~ 120 kg/m’-d=2 3o &Ads3i).
Table 2-8. ATAD WH&-Z9] &7
P SIREUNIE 1 @ TBOD *-3}(kg TBOD/m"-d)
(¥) (L/day) 9] iRy

Step 1 1 ~ 200 23 2 63 ~ 94 8.1

Step 2 | 201 ~ 266 3.0 15 84 ~ 11.0 9.4

Step 3 | 267 ~ 342 45 1 10.0 ~ 14.3 12.8

Step 4 | 343 ~ 365 23 2 9.0 ~ 12.0 105
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Figure 2-13. ATAD %-3-%2] pH W3}

4) F718 AAEE +4

Figure 2-14°] ATAD %Fg29] SCOD A7 &&S YeEbHATH
SCOD &%+ 24,000 ~ 33,000 mg/Lollon, =282 A FAzt
(Table 8°] Step 1 #til). Figure 14014 &3 1509 Aol Fd<
mg/L= #Aag A2 22k ARE FYsS7] wiEelvh. fyHGo
2%boll whel £ 2004 0] A o] 5= WEg-E9] HRTE 159 =
i, °]F HRTE 1¥¢Z A% A= 7583 o S48 &4 F 350 Yo

atle wWHH 32k ARl Floew U] =71 Bl 26,000 ~ 34,000 mg/L
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Step 1 Step 2 Step 3 Step 4
100000 100
® = ALH =
O4t23 2 ATAD Removal Cp
80000 * A 27|22 ATAD Removal © 1 80
_ i DA ‘Q@ -
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g 60000 9(‘@9%% o @ 160S
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Operation Time(days)
Figure 2-14. ATAD Wh3-39] SCOD AlA &4

AA & 5
2 70%E 43lsa, *&ifé— 3% ATAD
S ¥93 ATAD 11@} °F 5 %A% % FFS Btk o]= ATAD vh
A gk Aol gl AL R Hol=t|, Figure 2-12¢14 ATAD 2¢] 1k
AD 1Ht 3 ~ 5 C A% & AL I2A0T 4 v skd, ATAD 29
4=¢] TBOD X7} 18,000 ~ 22,000 mg/L 9= 3l HRT7} 2¥ & &
= o= TBODS] AAZTEC] 80 %= 3]s == U433}

+AHAE &2 TBOD ﬁ#ﬁgt ATAD 12] 7% Step 194 Step 3 &<kl
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Fﬁl

,000 mg/L ©]&2 eSO, Step 4 Fotoll= 5800 mg/LE oA wAlol n] &
e th 18 u ATAD 29] 450l A 37]13H5<¢e] 3+ TBOD %+
5000 mg/L ©]&t= ek th(Table 2-10 FFaL).

Table 2-10. & A ¥ F=2 TBOD H &
T

o 2t =92 TBOD HH&5 = (mg/L)
T ATAD 1 ATAD 2
Step 1 4800 4400
Step 2 4300 4200
Step 3 4400 4200
Step 4 5800 4500
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¢ TBOD(mg/L)

137} ATAD 2 %

TBOD Removal rate (kg BOD/m °/d)
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Figure 2-15. ATAD Y-

%] TBOD A|AEE

TBOD Loading rate (kg BOD/m%/d)
Figure 2-16. ATAD 12] TBOD #div] AA Ha52 a&
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Figure 2-17. ATAD 29| TBOD f+{ui¥] A+ F3l5d &

Figure 2-18& ATAD Wh$-%9] SBOD AA&ES Ued dazA, £43 A=3t
A ARE 15090] A&7 744 SBOD AAEES 80 % AEE FAHASS &
ATk e 2 H=e] AHE <l #del S
obx|¥A SBOD AA&EC] 70 % VRH7HA] skt vAl Fdae] $=7F 15,000
mg/L ol Fe= fFHHl el 24 300 o] 5l AR
= MM Aesith el ot ATADs A2 A=stHo s
Aol s=7F 55 =& Ao vEe & AR 2
o} at E_Elé}j_’ itk ATAD 13 ATAD 2°] SBOD A7 &&2 FY49 317} 8
kg/m’/del @ 90 % ol’Fe] AATEE depllon, 10 kg/m’/dE *3E
%Q AARES HERAAT A 47)3F $¢F ATAD whg-329]
ATAD 1°] 79 %, ATAD 27} 81 %<& &1d 5 U (Figure 2-19 ~ 2-20
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AZ27|22 ATAD Removal
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@ SBOD Removal(A2) 6 OO
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26 ® 160
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s 4 ° 4 3
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¥ (/2]
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SBOD Loading rate (kg BOD/m®/d)
Figure 2-20. ATAD 29| SBOD #4diH] AA Fat37 a&

(5) T-N<] W3}

Figure 2-212 5 Whg%9 T-N %9 W3tE yekdl Aajeolty. ATAD 19 4%
F=E5 Wl T-N ¥%& 700 ~ 1,600 mg/Leo]$le.™, ATAD 2i= 700~1,500 mg/L=
LHERSE T

Figure 2-220] + W33 #E9 NH:-N =& HEhd Zd3tojrh. ATAD 1¢] 7

€- 300~1,000 mg/LE YEISS™, ATAD 2+= 450~1,300 mg/LZ ATAD 1] H]3]
=7 4252} ATAD 24 %4 W NHs:-N 557} ATAD 1Hth 5o 99le
ATAD 298] Z7|14d 237 ¥ @dsigiarl, wbgxo] 227F iy er o} Artsts
A7 Ao A&y il o |tk a2 57144 &stxo] 4§
oA A E 7] wtel Aakshkgo] Asjral, B E = NHes =3 CO9 iks
&to] NHHCO:9F (NHy),COsE st de s S7hdvh dashrh dojuA] &

7] wiiEoll ATAD ¥4 2 pHE HE 8~9 Alol& =/ FA=H =], o= A 7]
A gAY 22 otk AAETE NHe-NE #l7]7h2=9p §do] Zh7F 29 mg/]
9 FER &A%}
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Concentration(mg/L)
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Figure 2-22. F 4% &9 NHs-N 5 =93}
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1
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ofd HAAR HM3HI, F7HE GERUCT} pHE A7 Sdo® AEsi7] W
o)t

(h) SCOD AAFZEL k25 FF3 ATAD 27F ATAD 19 H]3] 20 % ©14 =
FAE AL DA AV T ATAD WH5-3%9] SCOD AlA &8> 50 ~ 80 %= &

AENeH, F214=2 SCOD 5%7} 30,000 mg/L ©]4olal HRT7} 29 A &
o] 7 5kl A @77 Skl o wkg-xe] TBOD A|AEES A=
70%E 7&3latsla, Al sw3e ATAD 27} 37]&% 393 ATAD 12t ¢ 5 %%
L 93 AFgs B2 $AGAE FEF9 TBOD His%E+= ATAD 19
Step 1A Step 3 &<tell= 5000 mg/L ©let= YWEFL O, Step 4 5 <kell = 5,800
mg/L2 o] @Al vs] =4 Yelsth 12y ATAD 29] A g-ol& dA &7
ekel 4 TBOD 5%+ 5000 mg/L ©]&t= UrEM

ATAD 13} ATAD 2¢] SBOD A7 &&2 o] R&k7t 8 kg/m>/dY Wl 90 %
ol 4] AARES YEHoH, 10 kg/m’/d= %ﬁ% ol oF 80 %] AAZES e
WAtk AA 1717 Fet ATAT WHg39 it SBOD AA&AZES ATAD 1°] 79
%, ATAD 27} 81 %°]$lth.

("h ATAD 19 49 &5 Ul T-N X+ 700 ~ 1,600 mg/Lo]1 2w, ATAD 2
= 700~1,500 mg/LZ UEISTE F 9bEE fE959 NHe-N 5% ATAD 19 7
300~1,000 mg/LZ W EFS o™, ATAD 2= 450~1,300 mg/LE ATAD 1] H]&] =
A ¥

("h) ATAD 1 % ATAD 2 ¥hg-x9 3t T - P AAZES 247 25 % 21 %=
ATAD 1¢ T -P AIA&E] o

(*H ¥71E Fa3 ATAD 1 &
8,000 mg/Li AR FAHASH, f

7ol &

U

%E W %_‘Xé& RS Sl F AL, o] AdE =
ATAD &85 AA= FolA dAFE L5H 05 ot

(o) 2A2E FFF ATAD 2 W$x9 7|8 %7} ATAD 1° Hl&] thi zHe
Adg ®ela gz, ol AL FUIF&SIM AT T o] 4%EE ¥
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AR FA LR o 70 mge] YRUolE AStATlE ES a gle AoRA,
ATAD ¥lZE 7b=g w9 Eddow A som odse] & A7) biofilter&
A= dgskoich

() biofilter A& A4 m AR W D Al AF
%

=
423 MBS AuAow v

&t7] flste] didstrAgdels wEEeAE A
Hste] 12 L wk-&Zol A vl A H th(Figure 2-26 Fa1). 712 FU 13/d=2 330
™, 30i JAAIA e 6 LS WA F 71d @2k JAA FE0 NHHCO: S F
J3k A 6 LS FAIT bS] 2= (20 ~ 29 ) AR en, &&4
2 A7 £7)71E ol &35kl 5 ~ 9 mg/LE FABAT Hatsl ngEe VA=
T NHHCO:E FdskaL, =9 A2 NaHCO:E FH3H3lth NaHCO:9 9
o o Wz o] pHE 75 ~ 92 FA U wjPA]l GRU ok Aro] &
£ 27] 10 mg/LllA AR H o2 80 mg/L7HA S7HAZ L Table 2-13 A4t3}l v
AES Ay oz wdsly] flete] MExE 4 AFolrh TolA B & npep 2
o] A w7zt Ftell HAFSEE 98%E 3|kt
Table 2-12. 7WFEA¢ =4 3 54

T =4 % 54

T A Diameter 7 ~ 8mm, Length 10 ~ 20mm

H] 32 %] 450 ~ 550 m'/m’

vl & AR7] vF < 04, A¥F 11 ~ 1.7

o AERsA Ad=d (Hgy, 2ERs, w9, Y %)
A A +d7kA 4] (PE+PP)
Wi v 248 d7kaA A (PE+PP)
P HHE S3
t‘sé] Ak E\ﬁ
Sp pERE
HIE: 15 HIS : 1.05-1.2
<# A> <7 x>
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Figure 2-26. ZAks} v g2of nf¢f

Table 2-13. v Askst v A2 AAist&

>4 )\% S ol B o = B

o]::ﬂ -r pH DO T% NH:;-N | = Hs-N @ﬁi}%(%)

2(2) | (©) (mg/L) (mg/L) (mg/L)
1 25 7.79 5.2 10 0.16 98.4
2 25.9 7.7 8.8 10 0.23 97.7
3 27 6.5 5.6 10 0.17 98.3
4 26.5 7.5 8.2 10 0.17 98.3
5 28.5 7.9 7.2 10 0.27 97.3
6 27.8 7.6 8.8 10 0.15 98.5
7 28.5 8.3 8.1 10 0.16 98.4
8 28.8 8.3 7.5 10 0.15 98.5
9 28.2 8.4 7.1 20 0.29 98.5
10 27.1 8.6 7.2 20 0.11 99.4
11 25.5 8.7 7.7 20 0.26 98.7
12 25.4 8.8 6.5 40 0.13 99.6
13 24.7 8.7 8.1 40 0.1 99.7
14 26.3 8.6 7.1 40 0.13 99.6
15 26.2 8.6 7.6 40 0.07 99.8
16 27.8 8.8 6.7 80 0.07 99.9
17 245 8.8 7.4 80 0.08 99.8
18 224 8.2 8.4 80 0.05 99.9
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Table 2-14.
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6.7
6.7
4.7

7] f%(L/min)

0.4

BOD &% (mg/L)
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a5

_79_
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juiti)

AT fr71E0] A2 EASA &=(BOD 0 mg/L) ©]d2<l Aaksl 7ol A
wAsR L, Ad B 1ARAA Fedem #rlE s&E =A seW(BOD 10
mg/L), "HATo R A7 Ci= DO v55 dAez WA fAsT FY949
NH,-N %% 10 mg/LZ ¢43HA stom, °F 11043F A4
Figures 2-28~2-302 #A4Fst whg-x 3715 °F 11097F A%
Figure 2-28° 4] Hi= wpe} gho] s=2]8b2 A7 A ZHHRT)2
A om FolHA A8kl

BE WEEEE HRT 15A7te 2 AFglE, o
NH,-N/m’-d (0.32 g NHs-N/m’-d)o|t}. o]u] A3} a8
H B7F oF 98% = °Fzte] BODZF = 497t B w2 A4S Bt

A bl A A7l A9 B 27 90% 2 95%°] HAkstES H itk DO &
o= S A" Ad Co Hikste2 Ad Ay Bl & AA Ax
Adg atgo® A7 Boll Akt wAE o] yp Edteirial ddEo] A B
of NAE w4 2 LS ATAD wkS-zo] u7t~S A7) 98 biofiltere] #3149
=3

)

25 4.5

0 20 40 60 80 100 120
A ZH(day)

Figure 2-28. &4 7]1te] W& <A
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H
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(3) ATAD-Biofilter A& =] +4 3 &3
2 Ao A ALRE biofilters ATAD WFHE-FoA 2AlstE= 11

s YEYof 7t
 AYd FHo® AFEen, O B4k Figure 2-313 2tk & Aol Ag-H
biofilter &=+ W74 8 cm, %°] 80 cm?] o}AH Zrg o= AztE o, GA F7
3= 2 Lotk ATAD 13 ATAD 2 ®kgZoA WA= ¢hEYol 7has 33}
o] biofilter 4= YA FATE Biofilter WEE-7|dl= A4ks) vAEZ HAFH GAE
FHsil o, AFHIo} IAEER FEH FUIGEAE FA W FESH
pH buffer=+ NaHCOs& /‘}*‘—10}04 nitrifier?] ©AYo 2% AlgE £ JE=E
ow, pHE 75+05% FASAT R Yol 7kA Almo] A4 oFH3H Al Hel

Fsel A,

Biofilterol|l i1& % ¢FEUol 7k2E Fdsty] Aol dhEYol 54 JFo] Y=F o
TUZF ATAD 2 whg-x9] wi7kas 7= 34sto] FYsii=H], ol Fyole
SRt Wit 50 ppmv AEO|ATE dFAe] Ag 7Igto] BaE § 27 FRAR
Al ZHempty bed contact Time)S 100Z A F-E] A A3 £ 3022 HTE 27]
&4 Alelli= ATAD 13} ATAD 20014 2Ask= Yol 7kAE E§Hske] 1.2 L/min
o] £ biofilter WH&-71o FAAZIT. Zh2te] A9 =704 3
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Figure 2-31. ATAD Wh-g-x¢} Agte A3 biofilter &4

Table 2-15. Biofilter ¥F-37]¢] &d%4A

il Run 1 Run 2 Run 3 Run 4
Avg. NH3 Inlet
146.7 497 4 748.3 1043.5
conc.(ppmv)
EBCT(sec) 100 60 40 30
Avg. Specific
loading rate 3.6 20.4 46.1 85.6
(g NH3-N/m’/hr)
Gas Flow(L/min) 1.2 2 3 4
Circulation Water.
9 L/hr
Flow(L/day)

Qo] A0l AARPE W shs wEsh KL WA 5o A A2FA 42
BT

H
] 4 L/min°] & wW7px] 4S5 333t Run 19} Run 2 23N = gk o

O
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EUol 725 F7|E A5 FUAIFH 2™, Run 3% Run 4 =749 A+= ATAD H+
sxo| A LAStE dEYol s vtE FYsiith dA7A o] 43 X715 Table
2-150 YERH AT

1=

Rom, mjd %%‘6& WJ% 71%31% pHE %7&‘8}1 5} 49
E gl a Ats A
3475'4 pH % /4% 7H-<o]th(Rittmann, B. E. and McCarty, P. L., 2001). me}A]

L
pH7E Utold A48} Efol Hasts A folis 28548 wAstel 18 sl

(1) ATAD ¥k uj7hse] A4 24
ATAD REZZollA WA s = 11 o} 7}2~E biofilter 1
Hell, Ztzte] ATAD WHg-% wf7h2o] —f—xﬂé} %uqu ETE =
1011*1 WAEE Yol 7k R 300 ~ 750 ppmv HE oA o uﬂ, ATAD 29]
5 0“3140}7}*4 EEE 650 ~ 1400 ppmve]lth. ATAD 19| ®]s) ATAD 29

off
i
usl
rlr _t

Tyol Hr7) o o]g= ATAD 19 27|33 o] ATAD 29 AbA G2 H
6H 20 o] Bl uﬂ‘i—om. A R UYolrb~e] wEE ATAD WHEERE FYHE
A5 T-N s vEgs & 5 Utk Figure 2-32¢ ATAD WHg-Zofl A 2AlE}
T fEYol 7hxe) Fet ATAD W2 #FUFH= 5o T-N =0 tiek &3
HAE HEFHATE. gHH, Figure 2-329] x-5 4o £ dYFE ATAD WvHgx9] &4
Ao} Td ~ALR A FH AT

5000 2000
4500 | ® ATAD Htg= ¢ T-N
O Amonia gas(&t£=Z23 ATAD)
4000 | A Amonia gas(&7| &3 ATAD) 1 1600
3500 | o
o ®
3000 |- o] - ® { 1200
7 2500 | o] 2
F §
E 2000 |- o) o o g a . a a | 800 g
1500 | () g L4 A
A
1000 |- A A 400
A
500 |-
o o

335 338 341 344 347 350 353 356 359 362 365
Operation Time(days)

Figure 2-32. ATAD Wr-3% F45Y T-N 5%
i R R ] o R ]
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(2) Biofilter2] ¢YEUYol7tx~ AAAE

Figure 2-333} 2-34:= 1 Aol X A%3 biofilter®= ATAD WHg-Zo] wj7hkze] &
Ashs dEYol s Aed Adfolrh. 1ol Hi= kel o] RUN 1914+
9l RUo}l 7p29] FmEUl 150 ppmv e HaLE vrol 95 % o] AATHL W
Aok %uw} FEE ©F 500 ppmvO® 7M1 Run 2004 % 85 % o] 4o

G AA BES Bolow, & 390 Ak o]Fol= AA mg&ol 88 %A B
o3tk Run 28] A3AINE vlF o= 500 ppmv ©]7de sk dEUYol 7tA7}
THEHHE FEE 58S VIS ¢ gleg ddE o], Run 394= 700 ppmv
ool dmyel 7kAE FYsth L A Run 20 HAAoNA S} w2 85 %
oldel AYags Hekldd. 8, dRYol =S °F 1200 ppmvez F7HAIZI

Run 494 s dAHo2 AARZE 74 %7HA #HAaedd a8y Fd7t29] 5=
7} 900~1100 ppmv = A3stH il 3YU o]k =X 7]gto] Al wek 80 %
o] AAEZES HATH Figure 2-33914 H= wpe} o] A H7|F Stel £
NH; 3= 104 gNHs-N/m’/hro]9len, 744 g NHs-N/m’/hr ©]8tol A 80 %
o] gt Yol AA 58S 45 5 AU FALE Table 2-160 x50l W
Yol A7 & biofilter 312 F%S Attt

o B O
foox & ox

Uﬁi

R1 | R2 | R3 | R4
O ' ' ' 100.0
0]
1800 |
o O 'e) e} O
o O O Jsgoo
E 1500 + @ Inlet NH3 Conc, ppmv o
& ) [ ) ;\?
G 1200 | ONH3 Removal (%) 1 60.0 l«:
c (] >
3 £
o 900 | ] [ ) &
Z ° ® 1400
k] ®
2 600 | z
£ ° ®
1 20.0
300 |
? ®
0 0.0

0 3 6 9 12 15 18 21 24 27 30 33
Operation Time (days)

Figure 2-33. Biofilter®] NH; Al &&

_85_



R1 | R2 | R3 | R4
100 ' ' ' 100
O
- o ¢o) o
é 80 | QO O . 1 80
E. ® NH3 Removal rate ®
"’ S
:'z; 60 | ONH3 Removal (%) e | 60 ;gf
s o
. ;
T 40 | ) 1 a0 '::i:E
: ° z
(]
2
£ 20 | ° 120
0 L 0
(i} 20 40 60 80 100 120
NH; Specific loading rate(g NH3-Nlm3Ih)
Figure 2-34. Biofilter®] NH; f-Jthv] AlA F-3sl=Fy a&
Table 2-16. k= Yo} #| A& Biofilter &% A&

Specific NH;
=l Iglecl)iv N(H3 n(;(:;l ¢ NH; EBRT | loading | Removal
SEN pp Ren;oval oH rate rate
(2) )

L/min| Inlet | Outlet sec. (g NHs-N/ m’/ hr)
0 1.2 139.6 7.3 94.8 7.1 100 3.4 3.3
3 1.2 153.8 1.8 98.8 6.9 100 3.8 3.7
6 2 463.3 69.7 85.0 6.8 60 19.0 16.1
9 2 531.4 63.4 88.1 6.7 60 21.8 19.0
12 3 768.3 103.2 86.6 7.1 40 47.3 40.1
15 3 673.9 89.4 86.7 7 40 494 35.9
18 3 802.7 98.3 87.8 7.9 40 78.0 43.4
21 4 1267.6 | 324.1 74.4 7.4 30 104.0 77.4
24 4 906.7 185.6 79.5 6.9 30 74.4 59.2
27 4 894.2 173.4 80.6 6.8 30 734 59.1
30 4 1105.7 | 2014 81.8 7.3 30 90.7 74.2
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(B) =82 pH W3le} wA|F7)

Figure 2-35% £$H7¢ pH W3} 3 hEYold Aol A d 4] £55 e
W otk 199 AA #ES A £35] WA A pHE 7.894 HAiksib 7
o] wet AA3] FAaste]l 4do] A Fell= Fhol 6574 "ol ow, 5do]
ek Sel= Hol 55 H gk ol A4k A 4 FEE 5 mg/LolA 250
mg/L”Pq S7rereih @ dEYold Ao % g 130 mg/L7HA FUHEIE

|, ol @) pH AR s Aabel Wl Ast dHelA A&How gy
omw FR1Ee Jhed hedelrl eRgel FAeke BAR date duEn. ¢
42 o) wAT o] F pHE 8400w, 9 A2t 11%01 Qo wet pH7b
rdta ANFAL) FEst Fo4ss 4TS BT AT Table 2179 w85
pH s}, gwyo} R, ghrjopdds, delw Au4ALe) sEE YehiAd
o} olrt o] §-317} 14.4~58.2g NHs- N/m3/hr%‘ ", 1g/L NaHCO; &= o
2 Abgs Ao AR wA F7)= 8 WA 9ol gt}

1800
1500 —®— |nlet —&— Qutlet
1200 [

900

NH; S (ppmv)

600 [

300

50
500 i i 10
450 |
400 |

5350

E 300 [

1 250

H0 200
150 |
100 |
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Operation Time(days)

Figure 2-35. ¢¥9 pH W3}
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o AE

(1) ATAD 1ell4] 2AlstE oo}l 7hxe] % 300~750 ppmv #9013l ot
ATAD 29] 7d-%-°l+= 650~1400 ppmveo|Sltt. ATAD 1°] H|3| ATAD 29| SR U} &
Tt 2 olfE IVl AbAREFel HlE 2w o) wokr] wiEelth ¢
ATADONA 2AH = drYol 7kae] whe §9 =AM TN w=9 e
ct.

Q) A EE v gAES FEE vl e dE R R Yol wiZtaE A e 2y,
ol F&} 744 g NH-N/m’/he7bA1= 80 % o9 AA&ZES 48 + ALk

(B) HroleZEolA HAitstrl e wel =5k ol A AL FHH AL
pH7} sty gyol 742e] 2517} 14.4~58.2g NHs-N/m’/hr7kA = 80 % ©
Ao AAEZEE 4§ ATk FEYlrbA] Hal7} 144~58.2g NH:-N/m’/hrd

u, 1g/L NaHCO; &5 w82 ARSS 45 AA 1A F7]= 8 WA 9ol
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Table 2-17. v}o]

SAH o] Wk 5] NHs o)

e I NH; %3} NH;-N NOs-N
pH

(<) (g NHs-N/m’/hr) mg/L
31

(2008.2.21) 7.8 21.0 10 6
32 7.9 19.16 8 10
33 7.7 25.7 5 40
34 7.2 23.8 1 82
35 6.5 19.3 29 140
36 5.5 21.7 54 220
37 5.6 18.6 72 250
38 6.2 24.6 130 250
39 8.4 21.6 11 50
40 7.6 16.6 4 84
41 6.3 28.0 2 90
42 5.6 36.3 180
43 57 25.2 22 230
44 58 18.1 80 220
45 57 16.9 114 220
46 6.5 14.4 192 340
47 8.2 29.7 6 5
48 8.1 58.2 36 130
49

(20083 10) 7.6 55.2 46 200
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[

A =

2y o 53] Al=H

1 34 A7 112 37| A3HATAD, Auto-Thermal Aerobic Digestion)$]
5 e

2]

}‘\l_

E5E FUSE sl eRsolol st me ¥4 Aste &&H A% 3
3L -

o =

)

)

v

goll teh AT7E sAlel & E A AA7] el

¢ 2ol EFEFFAEST 0 2A4E 2] AEF sy A =101
5
-1

=

agal kg AE oA st E A X
T 20 LY oF 203]° 2A AFHEIAT. AMHAE AlRe] pHE A =
744 4 °C W¥AFale] H#skglem tCOD, sCOD, TSS, VSS, T-N, NHaN, T-P,
VFAs(volatile fatty acids)s A3ttt BE A4S PlxesHAd3 9] AT
3 FAAYHE wgith sCOD, T-N, NHi:-N, T-P, VFAs:= GF/Co3}#](Glass
Microfibre Filters, Whatman®, USA)E o]&3ste os & 48k, tCOD}
sCOD+= FHA 7] E(HS-COD-MR, Frt~)E AH8319lth. VFAsE AlE 10-mLE
phosphoric acid 1-mLZ 4HJ3} & § Supelco Wax 10 capillary columng U743t
GC-FID(14B, Shimazu, Japan)sS ©|-&3}o] #A3}la A &EL2  acetic acid,
propionic acid, butyric acid, valeric acid®A] ZA¥:= acetic acid® F4iFsle] VFA
mg/L as acetate= 3% &3}

St s4E2dY] JEe, 29a skerss A 542 44 Table 3-1a, 3-1b,
31ce Prh(A2d). FAE4e] TSSE 13,600(10,000~19,500) mg/LEA oF 80%7}
VSSo] $1al tCODE 32,300(30,200~35,700) mg/LE ©]%F 60%7F sCOD o] $lth T-N-<&
3,590(3,410~3,730) mg/L=A °F 90%8 =7} NHs-N |1t} VFAs(Volatile fatty
acids)™ ©] &4 sCOD9| 60% AX=E AAetal U= Ao R Hol Ahdart dF 18

H oz A 80% HE7) acetate 123l 20% =7} propionated] FHOE U}
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bl 2827 E49 TSSE 38,500(31,500~42,500) mg/LEA <F 95%7}
VSSo|$lal tCODE 106,600(96,800~111,800) mg/LO.Z ©]F 40%7} sCOD ©] At}
T-N- 1,420(1,230~1,580) mg/LZA °F 10% 4 =7} NHa-N ©|th &4&528 7]
55 F2bE 59 @] pH = 292 4l gv) ojn gH Aoz dAYPE™ tCOD
60% J=7F VvSSel Zoz yehton T-NX oF 10% J=7F Gy ol Jeojn oy
T o e #7148 AAE AlsdEdh sEEEAY TSSE  16,000(13,000 ~
20,000) mg/LZA <F 80%7} VSSe] il tCODE 20,660(16,650 ~26,700) mg/LO.2 ©]
T 25 % AERE sCOD ©]%lth. T-N< 90(75~100) mg/LZA ¢F 10% 4 =7} NHs-N
o]Att. stEHAE Fabu4el &E tCODQ diFe VSsel Aoz A Elal
T-No| w9 v& 7oz veisth. FAE 59 tCOD:N2S 3.6:102 7|4 m A&
A3t COD:N H[&¢%1 100~200:59] Hup wA yelual 9l NHs-N 3,240 mg/L
< @714 mAEe A 2 54 S & 5 s Aew dddn.  ulehAd
COD/NH|E FFet7] fleto] 7l Fastar da Aol ¥ s4E82e7] 3
=79 kgAY o] FHEH. F4=2dUY] AEFs skrssAe fUlE
sheFo] tiiat VSSol|E= 2 COD/NH|E FFateid FAtda - 2 =287] A&
StEEEAE 101 12 2F3tpd COD/NH7ZF 130 : 5 AE=2E A% COD/NH| Q!
100~200 : 5 ool dermz Ags ZHow Frhe

_1

Table 3-1a. Characteristic of swine wastewater samples used

as an influent of lab-scale thermophilic anaerobic bioreactor

Concentration (mg/L)
Parameters
Average Range(20 samples)
pH 7.88 774 T 8.18
t-COD 32,300 30,200 ~ 35,700
s-COD 20,450 18,500 ~ 22,350
T-N 3,590 3,410 ~ 3,730
T-P 150 100 ~ 170
NH3-N 3,240 3,110 ~ 3,400
TSS 13,600 10,000 = 19,500
VSS 10,300 8,000 ~ 14,500
Alkalinity 7,240 6,430 ~ 8,000
Acetate 8,700 5810 ~ 18,000
Propionate 2,200 1,940 = 4,300
VFAs ~
Butyrate 650 560 810
Valerate 120 not detected ~ 410
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Table 3-1b. Characteristics of leachate samples from food waste analyzed

after filtration on GF/C filter except for SS

Concentration (mg/L)

Parameters
Average Range(20 samples)
pH 2.89 2.65 ~ 3.03
t-COD 106,600 96,800 ~ 111,800
s-COD 41,260 36,300 ~ 42,650
T-N 1,420 1,230 ~ 1,580
T-P 240 110 ~ 360
NH3-N 220 150 ~ 250
TSS 38,000 31,500 ~ 42,500
VSS 36,700 30,000 ~ 40,000
Alkalinity 1,200 650 = 2,450

Table 3-1c. Characteristics of sewage sludges samples analyzed
after filtration on GF/C filter except for SS

Concentration(mg/L)
Parameters
Average Range(20 samples)
pH 5.27 48 ~ 571
t-COD 20,660 16,650 ~ 26,700
s-COD 520 170 = 740
T-N 90 75 7 100
T-P 11 10 ~ 13
NH3-N 67 55 ~ 83
TSS 16,000 13,000 ~ 20,000
VSS 12,300 10,000 ~ 15,500
Alkalinity 170 140 ~ 180
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stz 3o MEs 918t Figure 3-13 o] A4 =
o] 5-L &7 &sxE Agsta vAES AF, dFHFTIN/M/B stock solution?l]
sucroses B4 o= slo] AFAA Axg AdFHF)ol A, FAHATE FY
Agste Gz s AV A3t ¥l dEEE SHEY
CSTR(Continuous Flow Completely Stirred Tank Reactor) ®WHg-Z=2A] @A 177
cm’, 0] 30 em®A] FAENY] 5L ol AHRE AFHY CSIR W71 9
- spdke] AXE RE7](Magnetic stirrer) €t WH371U] o] SERE A~ MH(Octagon
Spin Bar, 76mm)° <]&to] A EF Holom wHbZ|E 100 rpmoE e
CSTR ¥H&-7]1¢] #731& 3291 57°C BOD incubator WolA] &2 o= &

o, FdEHE SAHTE sldo R peristaltic pumpel o]t FYH Ao WA E =
biogas ¥ gk

71E o

4

rr

ol:o 0

1

OLR 1 kgCOD/m d&E 27 TY Ar9 ¥4 257 s-COD Al
Aol 60% ©]% LG8 ¥ s A st OLRES &7t
Al71WH A Table 2-29F 22 schedule® 743}t 2 AA ARE A7
95te] OLR %%+ o}uel HRT 23]al f 2959 pH, alkalinity, t/s-COD, SS(TSS,
VSS), T-N, T-P, VFAs, biogas HA4 & 2 ZAS ZALEITE 24& 93 F55 A
SAHE AT GaelH S o] &tk AMFAEE ARE pHY &EE SA SASA
A B AR 4c W ae] By § RAs)

(LMXs multigas, CE, UK)Z 4]38}3lt}.

h=]

T FAHS, SAE 297 HEg, ada s AE 11 0 12 4
om z}zteo] EAL Tables 3-la, 3-1b, ~1&]al 3-1col] YEMY

A Ame AFH 713wt ‘ﬂo}oﬂxl‘j} Table 2-3¢] Q.¢Fskdl

[e}
o FASE 9= 3 ﬂ% 6*71*4 Aﬁ}ZA FAS ety FAHSE A4
o] 8 A= HES7|9F e FE O CSTR HHS7E AFsly AL 7S JHS
FA st o @714 A3 wheU)E wkey] Bl 14-LEA ©EE 314 am?,
o] 45 ecm=ZAZE ALt 7] AF/S 4 a8l ANEHAL2Table 2-49F 22
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Figure 3-1. Configuration of completely stirred tank reactor for thermophilic
anaerobic bioreactor for treating swine and mixture wastewaters
(swine wastewater : leachate from sood waste : sewage sludge =1 : 1 : 1)

Table 3-2. Operational schedule of thermophilic anaerobic bioreactor
using swine wastewater as an influent

) Operational OLR HRT Influent Concentration (mg/L)
Period

Days (kgCOD/m3_d) (Days) s—COD T-N SS VFAs

Innoculation

& 0~ 20 1.0 12
Acclimation
Phase I 91 ~ 60 1 6 12,200 3,150 3,500 4,800
Phase I 61 ~ 100 2.7 3.4
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Table 3-3. Characteristics of mixture wastewaters of swine wastewater,

leachate from food waste and sewage sludge at ratio of 1 : 1 : 1

Parameters” Concentration (mg/L)
Average Range
pH 5.34 5.06 7 5.64
t-COD 53,000 47,900 © 58,000
s—COD 20,700 18,300 ~ 21,900
T-N 1,700 1,570 ~ 1,800
T-P 90 43 7 130
NH3-N 1,180 1,100 © 1,250
TSS 22,500 18,200 ~ 27,300
VSS 19,800 16,000 = 23,300
Alkalinity 2,470 2,190 T 2,730

Table 3-4. Operating schedule of thermophilc anaerobic bioreactor using mixture
wastewater as an influent
(swine wastewater : leachate from sood waste : sewage sludge =1 : 1 : 1)

Operational OLR HRT Influent Concentration (mg/L)

Period

Days (kgCOD/mg—d) (DaYS) CODcr T-N T-P NH3-N

Innoculation
& 0~ 30 0.54 10 5,000 1,510 1,000 1,400
Acclimation

Phase I 31 ~ 60 1 10 10,700 400 18 235
Phase I 61 = 90 2.7 10 27,000 850 45 590
Phase I 91 ~ 140 5.3 10 53,800 1,700 904 1,170
Phase IV 141 ~ 2.7 15 27,000 850 45 590
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& ¥
Aol A&, %5 pH, alkalinity, s-COD, biogas 2] =& A
Tl Figures 3-2 ~ 3-50|A] HojF& npel o] &4 oF 204-&
B7b Setd 2 AR B4 A3E GAHRA -] Ha e B
oA OLRE AMAs] S7F A71HA 48t
=4 713t T pHe 75 ~ 85% A E wEE Holil o alkalinity™ 2,300
mg/L as CaCOsoll A A A3] F7k=E o °F 3,30 £ A8kl k. Alkalinity 2]
S7he JEAEEQ CO, 9ol F7tel o3k AHAow FukuEm o]2]3dk bicarbonate
alkalinity<= WHg-719] - #] & ol A *P‘ﬂhwﬂ o3k VFAse| F#o| m& pH AdtE
WA ske] gt g Ad3 pH =15 fFAsked d529 Ao Alndr. 59
FAFE AFRHEE FAESE 9F 3,000 mg/L AR NH3-NS SHfatsd 47w
%9 pHE frAehs A2 dRyolrt o238 Az EAsHA go=A A Ry
o AE AsA7lE 9Es & Ao F5HT
Figure 3-3¢] %4 s-COD 12]al VFAsS §XEE B %7 4% 2 £37]
2043 5 4% A4S HolE @AW A3}l 98 s-COD2| 3] % VFAs?]
2097k @71 MAER] AbdEdy were] A
ERe 4 gl 7)ztez AAE AT ©o]F OLRE 2.0 12l 35 kgCOD/m’d2 &
7VetEA $AF A3 s-CODE 80% Ak 18]al VFAsE 90% ool Al A==
= ‘/}E]r/v\‘ﬂr O] ﬁf} A &3 F71EY AA oF&8 biogas Bl 1L
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Figure 3-2. Effluent pH and alkalinity of thermophilic anaerobic bioreactor
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Figure 3-3. Effluent s-COD and volatile fatty acids(VFAs) of thermophilic anaerobic

bioreactor using swine wastewater as an influent
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Figure 3-5. Effluent T-N of thermophilic anaerobic bioreactor

using swine wastewater as an influent
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77 Eell A 7 OLRel W& s-COD Al A& biogas A %S Table 3-5° 8.¢Fs}
Atk EE el vk e Fabdlae] T2 @714 &8telA s-COD AAE
A EAEIY s-COD AAEES OLR 1.0 kgCOD/m’-dolA

77.9% 123 OLR 2.7 kgCOD/m’dell A 77.1% = Blad WA 450 Hoh 284
biogas LA HL 7H7t 06833 0.854 m’/kg s-CODE %<& FFo 2 Yyt o &
(1999)e] FAtHAFE o] &3 T2 714 43k wHAAA HolE ¥ s-COD A
7 w2 biogas WA Fol| BluLEte] & FEC s-COD FYdH @& HRT A%
77%<] s-COD Xﬂﬂ%iﬂr %2 biogas %Hg%k% HoleE A2 a2 d71d 43k A9l
o® Ho] At o] F(1999)° A= VA WHeE7F mediaE TS AR
B3 WHE7](AF, Upflow Anaerobic Filter; ASBF, Upflow Anaerobic Sludge Blanket
Filter)=A4] & A5-¢] CSTR Wkg-7|o] H|wsle] dWtA o= s-COD A7 &&o] £
Aoz olgi glov FHatulge] frlee dFE G2 Al E?‘?"]’J— L

A7 &ste T2l Hluste] 2 biogas HAE S HoFth

mr}o

Hm

mlo

Table 3-5. Comparison of COD removal efficiency and biogas production
from swine wastewater using thermophilic and mesophilic

anaerobic bioreactors at steady-state conditions

OLR (kg-COD/m?*-d) 1 2.7 Remark
) Thermophilic,
This study 77.9 77.1
CSTR
Mesophilic,
COD removal (%) Lee, et. al(1999) 82.0 84.9 o
Anaerobic Filter,
Mesophilic,
Lee, et. al(1999) 81.9 84.5
ASBF
) Thermophilic,
This study 0.683 0.854
CSTR
Bigas Production Mesophilic,
s Lee, et. al(1999) 0.528 0.492 ] ]
(m®/kg-COD) Anaerobic Filter
Mesophilic,
Lee, et. al(1999) 0.348 0.333
ASBF
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=FHTE TR A7 Astxe 471 st FE5 pHE
alkalinity= Figure 3-63% Zt} &d7]3F 52t §55 pHE= 65 ~ 8.6= HlulA QHY
o alkalinitye= 2% 2 % 4 + 800 T 2,600 mg/L, phase I3 I
o] EA7NZNA Z+7F 2,600 T 4,100 mg/L, Z12]3l phase M3} V2] °7<4717}0M
747t 4,700 T 5200 mg/L9} 4,400 T 4,800 mg/LE FYU4 COD 7} =& OLRY
7kl wel S7bE = Ao = UEN O™ phase [VolA1€] alkalinity <] ZSM:T‘E OLRY]
AR Qe Ao wekEth OLRO F7hl alkalinity®] S7h= f7]1&< #3774
oA WA E = CO29| 2]3 biocarbonate alkalinity® Its ™ o]ejgt f7]&Ee] Abd
FollA WA= VFAs F3 ol 93 pH AstE A8l VFAsE 7| A= sh= vg
o] ol Fd% pHE FAlst=H Z4-4Q Aoz ddEr

T EwQF A @Y A%k fE5 COD & % COD AAES 74
Figures 3-73 3-8 Yehlth. 25 2 @%71@% 3090l Aa =T A dH el
g3 o]F, phase [¥ I oA i lé 23% &4 CODE ZHF 600
2,100 mg/L, 2,000 ~ 4,200mg/L, :LFJ OD AA&L 22 80 = 94% $} 85
2% 2 vluA =i HAHE {FU7]E Xﬂﬂﬁ_ga Holal dU e, Phase 19 112 &
714 &3lE 74 COD ¥%= 2 COD AAES 747 2,000 ~ 4,200 mg/L, 63
90% = Solxth 1 P74 28lFe] COD AMAAE] Wl E ddozs F4Y
49l CODY s&=E5 A 4% o] W& OLR 7l 23 7oz Ho] Xt} Phase
IV 9] a1 6371*4 23tx fE4 COD % 2 COD AAELS Z+2F 9,500 ~ 16,000
mg/L, 41 7 65%% Stobxth COD AlAGE&e] stolAl= Q1o 2= HRTY S7Fot
OLR®] #Harol o3k Zlo =2 Hol Xt

®

~

—

~

~

~

>~1

~

Innoculation
& Phase | Phase || Phase ||| Phase |V
Acclimation

6000

=" 5000

-4 4000

4 3000

—m— pH —e— Alkalinity 1 2000

Concentration(mg/L asCaCO3)

4 1000

O A R @R NPT P PSS P PSSP

Operation Time(Days)

Figure 3-6. Effluent pH and alkalinity of thermophilic anaerobic bioreactor

using mixture wastewater as an influent
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COD Removal Efficiency(%)

/L)

Concentration(mg

Innoculation
3 Phase | Phase || Phase ||| Phase |V

Acclimation
40000
30000 |
20000
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0 7 14 21 28 33 40 47 54 60 67 74 81 88 93 100 107 114 124 135 140 147 154 161 168 175 182 189 196

Operation Time(Days)

Figure 3-7. Influent and effluent COD of thermophilic anaerobic bioreactor
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using mixture wastewater as an influent
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& Phase | Phase || Phase Il Phase IV
Acclimation
Y N
/ \o«A
o
T VY *
| W’
I |
0 7 14 21 28 33 40 47 54 60 67 74 81 88 93 100 107 114 124 135 140 147 154 161 168 175 182 189 196

Operation Time(Days)

Figure 3-8. COD removal efficiency of thermophilic anaerobic bioreactor

using mixture wastewater as an influent

- 100 -



& 7t &<t biogase] AL Figure 3-9°] YEMNA L,

HEAY SRS A135Fo] Table 3-6°] Q.9Fslitt. COD A|A & &2 phase I 7 I9 &4
&<t 2ol 7t %iol 7}z 83.2% ¢ 85.9% % H& Toe TAISHAAIN phase I

Vel £A47)7roll= 2H2E 68.6%, 61.0% % 743t 99 COD X9 AdkxA )

OLR9] T7F2 phase 1 7 M9 #x17I3t &k COD AAEE S7HHARE #+4]

11 T2
%2 COD %9 OLR ZF7F2 phase M9 +%17]7k2 COD A|AEC] a2 e}
%th Phase IVO] 77|73kl &= HRTE S7FsHAIRE @2 95 COD v¥E= 13}
COD AAEEL FAashe Ao =2 YeRT A7 ¥ COD 7| Biogas 'TAYZoll 210

Al phase 1 = IV &xd7]2relA 742 0976 m®/kg-COD, 0.957 m®/kg-COD, 1.094
m®/kg-COD, 1.178m?/kg-CODE Z7}3b= Aoz Uelyt) ol4e] Axz 2 o
Sall=2l A 2lel AolM OLRE W7 &8k COD AIARES A1 biogas?]
RS HobA A, & OLR¥ HRTE S7bshe] 48w COD AARES S
biogas®] WAL FolA= Ao e

A 7Y aghxe A AV ek fFETY RS #43% ZHE Table
3-99] 2oFat3itt. pHE 7.8 T 8.5, alkalinity:= 4,900 m/L as CaCO; tCODE 1,810
T 16,700 m/L 1¥]aL T-N¢} T-P+= Z42}F 150 mg/L¥} 80 mg/Le] ® 9l AUt

(2o oy

Phase | Phase || Phase || Phase |V

4500
—— Biogas
4000 [
3500
3000
2500

2000

1800

1000
500
T R R S R R

Cumulative Biogas Production(L)

S N R A S
RO IR IR I LRI

Operation Time(Days)

Figure 3-9. Cumulative biogas production of thermophilc

anaerobic bioreactor using mixture wastewater as an influent
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Table 3-6. COD removal efficiency and biogas production of thermophilc
anaerobic bioreactor at steady-state conditions using mixture wastewater

as an influent

OLR 1 2.7 5.3 2.7
(kg-COD/m?*-d) (Phase 1) (Phase II) (Phase III) (Phase 1IV)
COD removal(%) 83.2 85.9 68.6 61.0

Bigas Production

0.976 0.957 1.094 1.178
(m®/kg-COD)

Table 3-7. Effluent of thermophilc anaerobic bioreactor

using mixture wastewater as an influent

Concentration (mg/L)

Period
pH Alkalinity t—=COD T-N T-P
Innoculation
& 7.79 2,030 2,260 150
) (6.5 7 8.6) (800 T 2,600) (450 T 5,380) (149 T 152)
Acclimation
8.18 37,70 1,810 150 32
Phase 1 ~ - - - N
(7.8 8.5) (2,600 4,100) (600 2,100) (148 152) (32 34)
3,770
8.5 4,030 N 150 32
Phase 1 N N (2,000 - N
(8.4 8.6) (3,900 4,200) (149 152) (82 85)
4,200)
16,900 150
8.5 4,900 N 149 N
Phase I N N (5,000 N (146
(8.4 8.7) (4,700 5200) (148 152)
19,500) 168)
10,500
8.4 4,510 - 150 72
Phase IV N N (9,500 N N
(8.4 8.6) (4,400 4800) (148 152) (63 73)
16,000)
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o A8

AR PR e FUIY AstxE FAHGE HRT 34~6 days 183 OLR(Fr7]&4-3h
1~27 kgCOD/m’-d® &g A g Ege] Ahsfxi= MLSS 7,000 mg/LE frAlahdA <t
AHo7 AL OLRY] 4 HS oA sCODS} VFAse] AIAES ZH2F 80% 2 90% ©]
Ao UEREIL biogas TS 0.683~0.854 m’/kgCOD FFO2 T2 d7|A4 2319 03~
0.7 m’/kgCOD W BT} ¥k o= i F7IQ Ad) 2 F7A *5}011 Hl aske] kg

lo

Susk o) 4w whechs ATAstel AR, FFPFA TNT TP A FAVE B F
A= FEe} U3 27F 3500 mg/Lek 100~170 mg/L2 75 itk —‘@?M T(E A
2 AE 27 AEF SEYA =11 DE FYTE ARSI OLR(F71E5-

3l 1~53 kgCOD/m*-d 2 43 A7 dEFe] 43k MLSS 7,000 mg/LE FA181HA
obgA oz HEAY. OLRY €4 WY o)A sCOD AALL 68.6% ~854% % OLRO|
53 kgCOD/m*d Y W& AAES HAFAE Biogas WAH 0.976~1.094 m’/kgCOD %
AHFE AEE AR ARG Eokon oje S24E 2Y7] AEFl FE 77

o] ZHAQ AR )3 Ao frrEr)

W ATt Tls Al e 3§ TETFE AAA AEA el
gt 2kl glo] oeF H bz AL E AU A% S oo 2714 HEHE HE AR
"ot FAHTE AMES A3 R 22 JUIAH Agte] fEF EHAE B4
A3E Table 3-8°] f.ofsldlty.  F&FE pH 8.6 18]al 150 g/L(as CaCOs)<
alkalinityS HF3l™ SS= 3.18 g/L, T-N< 2,06 g/L 18]a T-PE 0.1 g/LZ LhERR:
ot HAd¥ £ A = pH 87 18l 155 g/L(as CaCO0s)9] alkalinityE $Hr3t™ SS+=
10.7 g/L, T-N< 3.1 g/L 123l T-P& 034 g/L= vebstth o]gfdt 54 o=z Ho}
EH|gtmA o] T2 g vt QHH]?JH Abgo] mlg- HHe o doET

Table 3-8. Effluent characteristics of thermophilic anaerobic bioreactor
using swine and sludge as an influent at steady-state conditions

Concentration (mg/L)

Influent
pH Alkalinity sS t-COD T-N T-P
W Swine 8.6 9,970 3,180 5,370 2,060 90
astewater
Sludge 8.7 15,510 10,650 12,020 3,120 340
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=49 Aes BEs] Al et ol&HaL o, A AAA B2 AR Fuls A
ofd = vk AAE 7P itk BAEA AlaE tigE oS REle] e frI=d
2ket gl Aaks) gkl diel] Agom AlE=Eflen HEl dgabsel s 2ditsl wkgo] &
7h= F7rEel A=At 1 & TAWPRC(International Association on Water Pollution

Research and Control) task groupolA= 7% Abs}, 2Aikst 2 @dibs) ghgo] wedd o ¢
7 g B AE AAA ow ALete] A ggtomA vl Ags FE 5T 5 3l
+ oI5 299l activated sludge model No.l1& 7/4313ith & AFdXE 7= 43}, 24t
s} 9 &hdks) whgo] e IAWPRCOA Ajkeh of Hidle 48313t
PASS 1.1 o559 JAWPRCOIA] 7% ASM-1(Activated Sludge Model-1)el 7]Z3}o] A|
zhe 2ol A 1997 v ZZE vl t)gke] Ben Koopman ng=ol o] 7yl L= 7
ojtf, & ZRIMe SHlFAHY AAAE] HA HF AAE T F A=F =9
=4 4 W
o

H, d
THA7IE =7 2 AYR F9= HAASE ¢ =S sto] RGAH el Ews €
ot

)

=

il
o I

PASS+= Single-sludge process(Aeration |7} % 082 W3lsh= &4 H+ Bio-Denipho
AT o] FYsE Hdo] ¥How wiHE FAHE EIHE simulation T UTh
PASS(ver 1.1, 2.1)< heterotrophic bacteria®] aerobic growth, anoxic growth #}83} nitrifying
bacteria ©| aerobic growth, biomass®| decay W o}Uj2}, particulate organic matter®]

hydrolysis®} soluble organic nitrogen] ammonification %} ofg} WA ok Q1] 41,
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< BAReRaL Stk wiebs 2AdselA] Al A BODSE S5, A B Q1o A E RHgd
T Atk PASS 1.1 % 219 T3 7P 23k A xoM= AEoHH whgo] dojuA] o
™, =7H4 0 2 Mixed liquordl X Ay Edo] He]dth= Aojtk H oAt o]-&3F PASS

g0
11 d5mde §71% A3, Qs % 9aast wge] melsiglon] q19) AR ik s
[e)

2t 7FHE ) %uoeg};q }\]/\Eﬂ MNAE giguq g@ﬂii}ﬁ)ﬁ]—?g— 34%8}7] ol PASS1.1
HAS o] gate] 2¢k A REV|AAHI HARHAIANE BEIGAL o] AHE EgE S
= o]

;gvjl\"x_ ]Xﬂ7ie

(1) PASS 1.1¢] =1 - E7118 AAg il 474

=
B e 1% 714 #H5e a7k

AL
-

r>~l
_YE
[nt
)
=
&
&
ox,
O‘r‘
rU (¢3
jus)
=y
Xﬂ
O
il
)
2y
M
[
e
{

= 9% 7o 2 uE ot
/372 Table 4-12 2t} =4, PASS ZZI19E F53517]
(stoichiometric coefficients 2 kinetic coefficients)= 2HS &
IAQW ASM Model NO19| 2A8ke] #&8ie). 2¢k 827
ksl Sl 2d g 4 whexe] %] 8 onjE 2z
SN0 FEES 245t FAsl o 7 ElM Y] &N FEE 3 mg/LE SIS
1, B|ZE7] dEjolA= 0 mg/L=2 skQith Al=Ee] 91D SRT, HRT, %71/8]Z%7] Al
074 SRERHRAS) S WFR sto] HA SIS

Table 4-1. 37|

¥
[
Moo HoH Ay rxoo®

7] A=

ox,
L
2
AC)
Jo
in
-
oX,
o

I Influent of swine wastewater after anaerobic treatment
o Con., mg/L Avg. Con., mg/L
pH 71 ~ 75 7.3
TSS 1,040 ~ 5,680 4,154
VSS 800 ~ 3,540 2,770

TCOD 2,146 ~ 5,000 4,613

BODs 625 ~ 3,360 2,644

TKN 428 ~ 600 528.8

NH;"-N 142 ~ 450 330.5
VSS/TSS rate - 66.7(%)
Temp. - 20(C)
Alkalinity 2,000 ~ 4,600 3,300
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8,000~1,2000 mg/
429} 2},

e 7] BEHA AaE w9

—
£
>.,

o
H
>
2
>
ol
9,
=

, A Folgkel] wE g3 HE
| A= TCODy, TKN % PO, -P] F=7t 747} 3,0 1 3t
F71%, a2 Q9 AAEZES FHselor Tor%‘] = TCODCrQ] TEE 248 ¥
NHCl& F71=2 H7Fete] TKNS| $%E 470 mg/L= —‘7]-/\]74 =243l (shock loading)ell ™

FFI} AT F A2 FUEEE 330 mg/L, 250 mg/LE W f2fAd Fopg W
o we Jas A

ol
(o

off r[m

Table 4-2. Characteristics of swine wastewater

1'st step 2'nd step 3'rd step 4'th step
Items Avg. Avg. Avg. Avg.
Con., mg/L Con., mg/L Con., mg/L Con., mg/L
mg/L mg/L mg/L mg/L
TCOD. | 2,700~3,240 3,000 2,700~ 3,240 3,000 2,700~ 3,240 3,000 2,700~ 3,240 3,000
SCODy, 980~1,328 1054 980~1,328 1054 980~1,328 1,054 980~1,328 1,054
TKN 133~230 220 450~490 470 300~365 360 250~280 270
NHs"-N 70~140 120 340~390 320 220~250 235 160~180 165
PO,”-P 23~32 30 23~32 30 23~32 30 23~32 30
TCOD/TKN - 13.64 - 6.38 - 8.33 - 11.11

(3) Struvite A3} FHI} 20 V] A|A~E AAAE &

IR Ah 2 ol FAAAZ Y3 struvite AR FHY 2¢F HHET|A| B0 AAA]
g Fol AFEHE FHFe S5l AXg N AT Ade] 3 Az AH 8500
AT A4S Table 4-37 ek PREUoRY A4 s oF 362 mg/LE Y-Sl Sl

| Hlel BlaA wre g fEEo, oA o AL ArtEUel FkE oF 364
mg/LEA o5 A glo] AEdtH o A2 - Nitrosomonas B Nitrobactero] 2 @ 3F<

= AL =2 AdE Tk Nitrosomonas R Nitrobacter®| Fa& T+ AR Yol w2+ ¢ 10 ~ 150
mg/L % 01 ~ 1.0 mg/L= Hirg v} At AR Yol sk o) Ao o= A= ATk

rURL'

2

‘.4

(TA)(10°")(17/14)
/

NH; mg/L=
3 e(6344) (273+T)+ 10pH
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where, TA = Total ammonia in solution including ammonia and free ammonia as N,
mg/L

T = Temperature, C

Table 4-3. Characteristics of raw swine wastewater

Items Avg, mg/L (STD’)
TSS 1464.2 (+ 431.1)
TCODer 3615.2 (+ 814.2)
SCODcr 1358.1 (£ 659.6)
TP 56.1 (+ 25.7)
o-P 29.2 (+ 10.0)
NH,"-N 3623 (+ 123.0)
TKN 572.7 (+ 197.2)
pH 8.0 (+ 0.1)

* Standard deviation

of S EE dEUold AAE stuvite JHAHOE AAS7] 8l 200 L

o] 9T WEEE ARSI oH, struvite A AFEE Mg 2 P IEdoEsE THE

MgCly6H0(Purity : 47%) 3 KHPO4(Purity : 98%)& AREsISlom & pHEES 93 4

£ N NaOH(32%)E AFEsISith oFF F9UA Mg¥ PE BAlol =39 2H, NaOH+= 7f

ko F9) }Oﬂu} Mg¥} P FY%LS NH, PO, Mg =11212% d}3om, T pHi 882
AFEe] ApdAT Al A ste] gk oFF £ B struvite ¥HE-S

lﬁo}"”tﬂ WHPAIZRE: 300 ® Shglch gk - A4
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om 747} 852 7098 L ©|th
| B HET] ARE 2AsIGlen, A && P*A TEE 7} §REEA] 3~4 mg/L A
Taetoleh &7 2 e 3 88l sb191s] w7l paddles A
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2 317] 913l scrapers AR5t 1rpm©] AC motor® 3|HAIA FACh 20 F 27
2] Azl x|, ANHHS ) ApurS o] 2FHE R gtk =, ANkS
W [l 1112‘*8&% H|Z7), A7t HlE7)old ARuke2E Z PR akglon
HZ7] A7 1 hr/1 hro 2 3}tk B3k SRT A4S 913 Lex] 9] #H7)= Ayt
oM gapRow Qo AATES HRE sh7|els] SeAlel 219 o] Hi7) =

o
[c]
ZF A H|ZE7] Azt R ABE7] AAd gt 2tk (FEE Y] G A] A 2H
AF A SRT+= 20 day, HRT+ 24 hrO& 2 3143l A< 5]

NN
~
xﬂ°

1
srAgEE $9sg. o)

o o N 1~N e e o o

Ho Hjl

o i T
A

RS

R

W Lo WA AFULE ol§IR0Y, SulA MEFE FAFS 100% ek

Figure 4-1. 2-stage intermittently aerated activated sludge system

=

o A% 9wz

A

(1) PASS 1.1 program= ©]-&%F 2t M X728 0] HA A A =&

HoodtoM ZHES 2dk 7MYy SA&EA /\]i%‘gl PASS 1.1 +%9Z3, SRT(Solid
Retention Time)+= &% 20C, HRT(Hydraulic Retention Time) 24 hr, %7]/H]%7] A3 7H7}
1 hr, RAS(return activated sludge) 1Q2] Z71olA] 1T7]% ksl 9 AAAAGES AHBEG
o} SRT 10 ~ 40 day2 +HA] 7% Ase] vX&= GeHHZEF BODEE : 1.8 mg/L)S §l
= o= YEl oy SRT 5 dayolAl= 55 BOD %7} 52 mg/L&E F7tE ek F44
AAREEL SRT 40 day ooz F7igtel nket frae) S84 %= 51 mg/L olsk= 3
Aok AeS HAoH SRT 5 dayolAe 7559 NHS-N %7} 376.6 mg/L(T-N A &&
oF 29%)2 AAEI} o] FA A & Aow YelgthFigure 4-2). WHSF WAZIFH(T-N
60mg/L) =5E A3 eFgA 2l SRT 42 20 day o) frAI]oksi).
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Figure 4-3<% SRT 10 ~ 20 day, %71/®]=7] A3t 22F 1 hr, RAS 1Q<] 2314 HRTel ©f
3k gekS #A3IITE SRT 10 dayQl 7% HRT 50 hrollA 14 hro® AA §&5 T-NEE
+ 64.6 ppmlA 63.7 ppmS= SRT 20 day QI ¢ &5 T-N H%+ 56.7 ppmelA] 55.6
ppm o2 FoE o= YERHTE SRT 10 day® +HA]  #2 HRT 14 hr odollr 273}
of &} SRT 20 day %Al #24 HRT 16 hr o] dsof sl A= Yelwth 1 o8
HRTOIA = system©] A7 A 2 oz et SRT 10, 20 day &5 HRT7}F g
gl wel &= T-Ne=/b J80r fdaste AdS 2oy #5549 NHS-N $5=s
s7hhs @de Bl 5, HEEr] SAEHA Ala"elM = HRTZF s 2ikst a8
& e gAEES Sk A oR YEhE

Figure 4-4%= SRT 107} 20 day, HRT 24 hr, RAS 1Q FHol|A Z7|/H]Z7] Al7te] w2
718 akstel ALAAe mA= QS FFSITE F7)/H1ET] ARbe] b
BOD ¥k F7hete AFS BHYoHW 55 T-N w5 F7|/HFA AIRF 242 2 A7)

7457} SRT 10 day$l 7- 51.7 mg/L, SRT 20 day$l 745- 444 mg/L=Z 7F A Yelsieh

-

’ Bz Org-N vzzza NH,'-N C— NOx-N
400
7 HRT: 24(hr), Air/non-Air: 1/1(hr), RAS: 1Q
300 -
)
g 60 1 = [vrrss)
g = J—
8
Z 40
'_
20 -
0 T T T -
0 10 20 30 40
SRT (day)

Figure 4-2. Characteristic of effluent T-N concentration according

to SRT in intermittently aerated reactor
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Figure 4-3. Characteristic of effluent T-N concentration according to HRT in

intermittently aerated reactor; SRT 10 day(top), SRT 20 day(bottom)
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Figure 4-4. Character of effluent T-N concentration according to intermittent

time in intermittently aerated reactor; SRT 10 day(top), SRT 20 day(bottom)

Flgure 4-5% SRT 10¥} 20 day, HRT 24 hr, %7]/H]Z%7] AIZF 2H2 2 ARbeA] wE&2]
Foll W F71= Akskel AaAA vA= dFe WSS SRT 10 day? 45 W&
a1;<] T 02Q014 15Q% F7F 45 55 T-N % 575 ppmolA 50.7 ppm o2 A4
ok d@e] yebd o SRT 20 dayoll X vEEE2A] o] S7Hd5 +55 T-N %27t
404 ppmolA 45.6 ppm o2 F7FelE A HATh 22 A Z7)/8]E7] AIHS 747}
IAIREO. R ©3A] SRT 10 day ¥} 20 day B-7 WHE&eA] o] 27145 f&F TN &%

£ QMR Padte AFS Holt 1 Aol o 1 ppm AEE 24 Bsn
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Figure 4-5. Characteristic of effluent T-N concentration according to RAS flow

rate in intermittently aerated reactor; SRT 10 day(top), SRT 20 day(bottom)
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Figure 4-6. Variation of effluent T-N and T-N removal efficiency in

intermittently aerated two-stages

Figure 4-7:= 2% FH 7] S|4 Al&FlolAe] T-P AlAGSE WskE vephd Aol &
aRElEES ST 717) o]He] AT T-PY AAFEES 97% 2 G2l g7} o] F
ity ey dA48 &b STMNEE W TP AAEES @A) 7HAste] 10~20 %l
o o] Q1] AATIAe Holsh= mAEC] A AAFsHEe] SR <l 0}01 FEgs

= Alom AZtEY fgEkad Aa gt S7F Aakst g @Ak} vl AA @
S VA A ek HHH 219 release F uptake 7%l T8 IS dh= U]*ﬂ%"ﬂﬂ] A 4
Fs T s & 7 Ak

e Aagstde S7NA w9 7k AR ik F3 1559 CODos ol A
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2.3~3.2 kg TCOD/m*/d 2] W94 89%<] 2] TCODAAZES 4 4 AT

T-N9 4% $A7)17H50F T-NY3l&o tigh T-NAART AAEES Figure 4103} 2t 2
& 927 BgLeA] AxEle] YA Fge] AAREES 0.22 kgN/m’/doA HA
047 kgN/m’/d2 Z7PAT7T A2 o2 033 kgN/m’/d 2 025 kgN/m’/d=2 3o 714
A T-N AAEES AR 23 22t 909, 84.1, 685 2 51.7% ©Uck T-N AAZES +
FAFst @Eke] sle Aow YE

29| Fistetke] A 17}@ A, e AARE] 97%NM 10% HE== IRk
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Figure 4-7. Variation of T-P removal efficiency

in intermittently aerated two-stages
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Figure 4-8. Variation of effluent TCOD and TCOD

removal efficiency in intermittently aerated two-stages

Figure 4-9. Effect of influent TCOD loading rate on

TCOD removal in intermittently aerated two-stages
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Figure 4-10. Effect of influent T-N loading rate on

T-N removal in intermittently aerated two-stages
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NH,"N&sEE 7kl 210 o553tk SRT 10 day?! 749 #4 HRT 14 hr )4,
SRT 20 day?] 7% 34 HRT 16 hr o]’% & ﬂoHo]: 3l Ao g etk
& 2470 2he)l B9t E TN F R 7P S YR,
%71/81%7] Az SRToﬂ w}a} Tha AolstAl Yebtort daks

o
o7 AAE AASA QA RAS 02~1QolH = & JTo] Qe Aoz Yy
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—
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7). Struvite A3 BB Ael2 AAF Fe5 A7

1) s8] F71E 2 da AA 54
Table 4-4+= <F gﬁ} o] H iﬂoﬂﬁsﬂ 5715 2 Ax AA EANS BolFu Q) §7)E
o] A9 struvite HA & AAEE F71ES TCOD % SCOD7} 2H7: 68.7% 9 54.4% = 4

™
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o, A FAoME= 529% 2 41.9% = BEHCE AA FAANAY F71E AA
% wul
&

TCOD ¥ SCOD7} 717} 83.7% 2 65.9% = YERRL
Yopd 24 9 TKNO| - 2 1HdgAoellA 93.2% B 90.1% 9] 2 AAES Holal
AT} o] struvite HHAHOR Q3] gRUold HA7F 7HAFIN 7] Wil Aow k)
Struvite A o3t Yol A4 2 TKN AAZES Z17F oF 66.3% 2 66.2% =
HAoh AHZA AFEE struvite AW AESHY Ais &S SAAIE 9EE 5
ou, o]= Fal A A aiol FEAL. T AAe] dEYoly A4 L TKN AAR
S 747 98.1% H 96.2% = WS- & AAEES BT

T-NO 7% A& 37804 69.1% ] AAES Holal glom, 34 A &2 892% =
ﬂﬂEM e YA AFAIRENA ] w2 AAEE] BEEATH

Table 445 53] & w] struvite JAHI} A

A B8 W} FE AL % 5 9l
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Table 4-4. Removal characteristics of the process

(mg/L) Struvite Bio process Overall
Effluent 1279.9 552.6 552.6
TCOD Removal % 68.7 52.9 83.7
Effluent 933.2 500.0 500.0
SCOD Removal % 54.4 41.9 65.9
+ Effluent 89.0 5.8 58
NH. -N 1 emoval % 66.3 93.2 98.1
Effluent 179.4 18.5 18.5
TKN Removal % 66.2 90.1 96.2
T.N Effluent 185.5 56.3 56.3
Removal % 66.3 69.1 89.2

(2) A=ty AAl 271 As Wt

7h 7= AA 54

Figures 4-11 2 4-12& &84 FAo)2 TCOD ¥ SCOD A7 54L& woFa gk
A8 71789 W4 TCOD % SCOD #%= Wshd wet A7 3eAZ F-2o] HAh 3 HA
A9l Phase 1914+ < TCOD % SCOD %7} &4 9 %715 oF 18U7HA] F+3]

1'.1

1

ok

o)

AashiA Al Sles BEYE & AT E=F o] WA ARtz
MLVSSELE Al %7] 3880 mg/LollA 2160 mg/L7HA 53] #Aads dio] #AH I
Phase 2641 MLVSS®] %7} w438 1HAE Holx| gor f&59 TCOD ¥ SCOD &%
Q] o

Yk Ao dAT E FEE Hola jlFo] dEE 18
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S A3 = Q)9 Phase 201412] TCOD % SCODQ| Ay AAES 717 55.9% 2 41.9% =
FAFITE Phase 3004 F95E f7180) Sw7} Folle] weh Fwot ot A5l 7
@& Btk T2y Phase 19149k H2Al 9] w7t S WSS Holx= ¥slkth
olg]al AdFo T Wol MBS SU|E Eni oAd A7k ASH TReEE|E 502
ET) g US| 2 gkl Wk erom MLVSS ERE oFElS E 2 oot} wlabA] of
A 422 =nE o] oMt AR HAS|7ke BWaw S 9 & 2 9l
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Figure 4-11. TCOD removal in 2-stage intermittently aerated system
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Figure 4-12. SCOD removal in 2-stage intermittently aerated system

(h AxAA 54

Figure 4-13%= 20H%7] $A9 29717 5 NH,-N, NO;-N, NOs-N&EE HoF11
Atk Aikst 54 9Al f7le Al 549 v R 28R GRS o] Itk Phase 1914
WA GREYoMd A4 s ARtol Al wel HxF Srksheh 254 = AAF A
atolom, SRTC] 1.8 wiQl 360l o]Z2jA= oF 8 mg/L& 7hAste] 36 ol &9 d=
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ATolA SHE fe Alses vHEE shdddA x7] 150mLe SFAATIL F F
50mLE AFHeR 2 AMFHE Al5E FA GF/C filter?} 0.45¢m membrane filter= 3}
st ST AT ES MLSS(2540-s0lid), MLVSS(2540-solid), TSS(2540-solid),
VSS(2540-solid), TCODcr(52220-COD-C&D, HACH), NH;-N(4500-NH;-C), TKN,
NO,-N, NO;-N, TP, PO,"-P(4500-P-E)5 ©°lt}. $¢] dd&E5e ®%F  Standard
Method(1992)¢}  HACH  DR-4000°] ojAstel  FAslon, A AS
UV-spectrophotometer(HACH DR-4000)& ©]-&3le] SAsIqith F<lo] A5
HACH phospo Ver3 W& o]-&3ato] A5t

Table 4-48. Characteristics of swine wastewater used in this research

SRT? HRT”
[tems Conc., mg/L | Aver, mg/L Conc., mg/L | Aver., mg/L
(Max.-Min.) (#STDE.) (#STDE.)
TSS 1950-2 1934435 1840-26 4204495
VSS 1470-2 1574341 1620-26 3504410
TCODcr 5627-2146 33431838 6122.5-3124.1 4927.3+859
TKN 314-101 182+42 745-432.6 596.5+74
NH;-N 205-44 124+41 704-335.5 497.6+99.6
TP 150-43 79422 112-43 70.7£20.9
PO,”-P 113-34 67120 55.2-11.2 29.3+10.8

a) SRTOl| W& G a2 7|3t ste] i A
s

o
b) HRTOl| w& Q3 a4 7|3 <] 5 4%

Raw swine wastewater

2nd reactor

Clarifier

1st reactor l Waste sludge

Return Sludge

Oxic/Anoxic : 1hr/1hr

Oxic Anoxic

Figure 4-14. Schematic diagram of intermittently aerated

two-stage activated sludge system
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4. 714 43) 238 O AETd A% FFIT AA

7F A&

G714 23 23S e A Rl AEI(Biofilter) =Gl 23 F71E
R FEETF AA S4e 2AF AT AV aste AdAdA EFHAD
UASB(Upflow Anaerobic Sludge Blanket)E ©]&3t T2 @748 &3stxe FETE

U
o g-3h3ih.

1) A5 8
R Table 4-65F il 2 A7t $85= 5o &

KeN
¥ TCODc, SCODe: ¥ BODs9] %+ 1 56,000, 42,000 2 22,500 mg/L= e}
wom, FHL(TN)9 F%E it 5800 mg/LE YEIGLE # FAHo2 F9¥ &= 4
TA C/N(BODs/TN)H] = 397 HluA vkorow &ZE]x(¢F 21,800 mg/L as

CaCOs)& WA %2 #

E
2 12
o

Table 4-6. Characteristics of mesophilic anaerobic digestion wastewater

used in this study

Parameter Concentration, mg/ L (¥STD)
TSS 6,200 (+651)
VSS 4,800 (x656)

TCODc; 56,000 (+6,658)

SCODc¢; 42,000 (£3,753)
BOD:s 22,500 (£3,656)
N 5,800 (+216)

NH,"-N 4,700 (£87)

NOs-N -

NO>;-N -

TP 668 (£10)

PO,”-P 352 (+10)

pH 7.6 (x0.3)
Alkalinity as CaCOs3 21,800 (+2,901)
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o B oA BA3 Fo 85 TCODe, SCODe, NHy-N, TKN, NO,-N,
NOs;-N, PO-P, TP, TSS, VSS 5o]H, o] % TCODe, SCODc, NO;-N, NO;-N,
PO,-P¥ Standard Methods(APHA, 1995)¢} HACH DR/4000°] =3lo] 43815 o
NH;-N, TP= 7+t HACH manual®] Nesslerd % HACH phospho Verd WH & ©]
g3t SA3ITE =3 TKNS VELP(UDK132, Italy Milano)E ©]-&3te] =743}
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Figure 4-36. Temporal variation of TCOD concentration in

biofiltration system
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Figure 4-37. Temporal variation of TCOD removal

efficiency in biofiltration system
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AE=1 PN
Aoz AAE FFs + Bolgt FEHET Figure 4-399] FA|E FtolAe] C/N
H = H 14990
C/NHlo] w2 druol AAEARL C/NHIS F7tel #AIgle] AAEo] dBEHI
ehdel mel o/NHlel GBS A WA @ Ao vehwth whebd
C/NHZ} vl b A9-7h oheldl /NI G A WA oA diA

of gk dF= AA wowM Ai AAE & e sAolHL & vk &
OF1—

rore e

‘O
= 3
AR

4L Aoz C/NYo wE JIFe A WA = Ao UElStH(Figure 4-42).
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Figure 4-39. Temporal variation of NHs -N concentration in

rration, mg/L

biofiltration system
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Figure 4-43. Removal of non-biodegradable organics with
chemical from the final effluent of intermittently activated

sludge process

Coagulation Before Coagulation After

Figure 4-44. Pictures for the performance of chemical

treatment
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8
200 188 "PHOSNIX" P-RECOVERY PROCESS
($/ton) | (won/ kg) |(¥+%) - Unitika Ltd., Japan
"3 ears  operatin experience  sellin
250 313 y perating  &xp &
( Jton)| (won/ ke) recovered struvite from full-scale plant"
euro/ton) | (wo
5y, Ueno, M. Fujii (44)
"A pilot plant study on using seawater as
56 448 a  magnesium  source for  struvite
(yen/kg) | (wory/ kg) i i precipitation", K.Kumashiro, H.Ishiwatari,
Y .Nawamura (¥+) -Struvite A4F &78]&
"An economic evaluation of phosphorus
658 recovery as  strvuite from  digester
0.07 65.8 0.74 .
(won/kg/ |supernatant”, L.Shu, P.Schneider, V.
($/kg) | (won/kg) | ($/kg/d) .
d) Jegatheesan, J. Johnson, Bioresource
Technology 97(2006) 2211-2216

% 2007.3.29 3Hil7| =

1 euro = 1253 won, 1 $ = 940 won, 1 yen = 8 won
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Table 4-9. ¥4 =3 Struvite A

Production of N . Type of
Waste Water ) PO,"-P [NH; -N - _
o Struvite(kg/ day pH Waste Hla (FaEd)
Capacity(m'/d) (mg/L) | (mg/L)
) Water
150 155 Sewage
500 400 Sewage
Night soil "PHOBNIX" P-RECOVERY PROCESS
500 400 digestion |- Unitika Ltd., Japan
Industrial
100 400 waste
water
"3 years operating experience
Digester |selling recovered struvite from
100~ | 200~ | 8.2~
500 500~550 supernata |full-scale plant"
110 | 250 | 8.8
nt Y. Ueno, M. Fujii -Unitika Ltd.,
Japan
"A pilot plant study on using seawater
as a magnesium source for struvite
50.5~ | 383~ ipitation', KKumashiro,
760 505 7.77 | Sewage preap1 .
110 | 623 Hlshiwatari, ~ Y.Nawamura  (Japen)
Struvite Ak MG, wskE o
AR
"An economic evaluation of phosphorus
Digester |recovery as strvuite from digester
100 1 50 supernata [supernatant’, LShu, PSchreider, V.
nt Jegatheesan, J. Johnson, Bioresource
Technology 97(2006) 2211-2216
# o2 w4 100m T 1kge] Struvite A4
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B rahAe] 1, 23F dEo] A

lory

@
I

7}, ATAD A7 1A

1) AA Fod=

folJ

: 20~40 L/d

(h A=+

(th AA =4 .

sCOD 17,000 mg/L~34,000 mg/L

tCOD 25,000 mg/L~45,000 mg/L,
TSS 11,000 mg/L~18,000 mg/L,

6,000 mg/L~12,000 mg/L

NHs-N 1,100 mg/L~2,400 mg/L

VSS

1,300 mg/L~3,200 mg/L,

T-N
T-P

600 mg/L~800 mg/L

917}

T
o

(2) ATADS]
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& H9 .40 L, < % : 20 L/day

FE A A FAIZE - 1~2 day, +7] F9F : 20~30 L/min
HbeZE 2% 1 55 °C #A, &5k T 0 2 mg/L
F71% 584 : 8~10 kg tBOD/m’-d, sCOD Al A& : 50%~70%
tCOD A A& : 60% ~80%

®) FEF A

sCOD 7,000 mg/L~11,000 mg/L, tBOD 4,300 mg/L~5,800 mg/L,
sBOD 2,300 mg/L~4,700 mg/L, T-N 810 mg/L~1,200 mg/L,
NH4-N 1,000 mg/L, VSS 8,000 mg/L,

T-P 600 mg/L

2

[ETa TTTer]+— o *B—‘
ingaz
* =
=T X
! \ AEHE /
L] L] ! -
e R J Nt
-m ATAD O= _
S woidzs Lot
TEums, g2Es . W e , —l
2N
BLower
AW — )
gE2 1 /e y
—eee
nEHe

Figure 5-1. @48 ATAD-1287| 43k 54 8 FFA = 34
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() n2drIdastxe FAAA 7F FEE 10 L, Ae8AdE 20 L)
FraEfFy 20 L, T P A FAIZE 2 1 day
WSz 2% : 55T, HE&Z ) m AJE(VSS) @ 1,500~20,000 mg/L
F718 F3} : 2~10 kgCOD/m’d
CODAIAE : 80%, Hio] @ 7k~ AR 1~5 m’biogas/m™d

s-CODA| A& : 1,500~2,000 mg/L
VSS @ 15,000~20,000 mg/L, T-N : 800~1,100 mg/L
NHs-N : 1,000 mg/L, T-P : 600 mg/L

o=y AA B2 AR

JAdE AFAIZE : 10~15 days
2184 AFAIZE @ 24~36 hours
=270 0] Whg 7= 7] /8 7] = 1AIZE/1A13E
F7]1 & 8-8% : 2 kgCOD/m’™d, T-N 383 : 1~2 kg-T-N/m>d
CODA A& : 80~90%, T-N A7& : 80%
T-P AAE : 90%

o

% AT fE Y

COD : 200 mg/L,  SS: 100 mg/L
T-N : 150 mg/L, T-P : 50 mg/L
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(1) 48 A== % FAHs, EFeTo 54

dAGFAE ATAD-IL 7|4 &858 T3 A28 (Combined System)< A4t
Hr G E 27 st A=1L)Ss a2 ARSSt
Atk FAHFE okl FAbH e EA g el FHel diE AAVIE AR FA
H, FAE 27 AEFe oA 4= AL, steEeAs oAl stk
TEAYT AUE L3tx FYUTE EFY AR QAU FAETY 5
Table 5-1°] Q°ofstiom F2= 287l &9 seseixe 542 A124 9
Tables 2-1b$} 2-2bell 7t7} @ oF|Qith.  Table 5-17 #Zo] opakal FHAts4 F33 g
ol gAY 2 FAEY 542 55, 57 dHl(ER 299 52 299), A

3
Ao wel Wb w9 Aekglth. 1EES fF7]=(tCOD 46,900 mg/L, sCOD
26,300 mg/L)7} H-H54(TSS 22,500 mg/L, VSS 19,400 mg/L)E Ffalar Ao
AYLAFE LEE(T-N 3,820 mg/L, T-P 250 mg/L)E TFfdl= Ho= e

NH:-N(3,060 mg/L)> T-N¢| 80%E5 xtAetal =t olx= 718 FAHFE =7t

FRROIAY F& bETL AN AYE Aow gotdr ol

EQEAE o] Foy XA YA NE A2- ] MCRO| o3 AE&H = A2 A}l C/N
e =3 TE o] 8E oA

Table 5-1. Characteristics of swine wastewaters used

as an influent of the combined system

Concentration (mg/L)
Parameters
Average Range
pH 7.6 6.9 ~ 83
t-COD 46,900 16,300 ~ 69,400
s-COD 26,300 13,000 ~ 66,400
T-N 3,820 2,250 ~ 5,400
T-P 250 70 ~ 1,100
NHs-N 3,060 1,430~ 4,000
TSS 25,500 5,050 ~ 68,730
VSS 19,400 4,950 ~ 53,600
VFAs (as acetate)
Alkalinity (as CaCOs) 14,140 10,240 ~ 21,240

- 160 -



() AL TFAI =] AA L A=
AGA LS A% FFA =" AXIS Figure 5-2, A2 Al& %=+ Figure 5-3°] 17
3 ZF dbgxe] X Figure 54 18|41 elevationg Figure 5-5¢ 7t72} YERYS]
T} ATAD WH$-Zi= W200 x L1400 x H1,000 24 Fa4-3 40 L(o]H3L 500 mm)<]
ol AAR AZEAIL, HEF ARoE $100 x H200<] ALZ% AAste] =3
kgl thu]skaLat skt %—ﬁﬂﬂfﬂ E%H%HA THe fste] AFH=ZE HAs
AUtk F7FFE 919 blowers 9|F- g 589 %tﬂﬁ}e s Al
gl Ao v AVIEAE @543} o= =%=49 DO meters
dA5k% k. ATADE AX d5+ F% =274 £)ol A sludges A AIA
Al71aL e s AR ARz o) F
3

[rt

ol =2 74

M&t ¢200 x H350§é5‘1 frE l‘%ﬁ% 10 L(o-faL 30 mm) 22]al We daxe
200 x H1,0002=A] 3] 20 L(o]f3L 360 mm)e] o} A= A== Ak 7zt

Z o= 2249 pH meters A3 724 B2 S-S 918t
Agk7lol] H-2E impellerS AREEATE A azel e
FS A=At $13te] wet gas meter (Shinakawa, Japan)S A1}t
gtz frETe AQ FepdAeR 15 LY ofaE Ade) diH=x
220 x H450)% 4= ATt SS9 § Al AH& 46}04 HE71E A 13

] 71 & At
= age«] ﬂ%‘li 2 setE AZetSl=dl 2 W130
x 1130 x H5002A f& Fv& 247 845 Lo ol=d AA=Z AlzH At
ol Aadd a8 SostE A& Mg Ade gaA AVIEAE AR
O ‘:} 0y

lo

oX, :10

L—J—LE
W, F7] B u[E7] ARk 2A48] He Eeol= WMEE A5

3z

1 g5l EFE ABeA ) Ho}cﬂ eI wE A,
[e)
o

7t 2 mg/L, 3 mg/L= x4, &k hdax

2 3o, 7tdZ7|Fxo nHkE 80 rpmoE ZE3NTE A AF} FHHAzR

impeller®] F¥HE 01 rpme® EAGYT, LE AFATE eholn)m ALgae] 20
[e)

min/hrZ 7}Hs A 7HS
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Figure 5-2. & 3A| =8¢ ALK
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Figure 5-5. & 3A|2=89] elevation
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3ttt VFAs= A5 10-mLE phosphoric acid 1-mLZ 4Hd 3} 3 £ Supelco Wax
10 capillary columns W743$ GC-FID(14B, Shimazu, Japan)< ©]-&3}o] #2413}%1 a1
A 32 acetic acid, propionic acid, butyric acid, valerric acid=A4] A= acetic
acid® 3%H;}slo] VFA mg/L as acetate® 3 @3FSITE Biogase] 42 7hAazA &4
7](LMXs multigas, CE, UK)ell 2Ja}o] 4 = Qi)

A48 Tz AHD £92 AF 2 =57kl B ¥ =4
Egde o SAEe(ES ) 99E 9Fsid

ATAD®| £9& SS¢t #71=e] AA 2 7he3t Art 7H & +9x2ds gas
oz HH HRT= A= ATolAE 05 day 283 AFA 1R AT = 1
daye] A-d¥el] wel dF4E FFA L] 2ol 1 daye] HRTE 2453
o} ATAD 3% Ul DO¥EE 2 mg/LE wAde] dE4S HAhdor Folux
3ttt ATAD®| 2= vjAE o] Aol ofsir 27} s s oA wker]e] =7
7h 40 L AER o)F2 dEMdo] Wol 55CE A |7h ojg s dAS o83
o] control pannelol|A] AEo.2 55+1C7F HEF Aot dRYole] AAE +
& AR AV RS Ay dEYotel] ofdt 542 Fag A Foll shfel
B2 ATAD &9 < @tEueote] @7l od AA7 T84 Hof gEyote] g
wEeG Y. 40 L/day®] FAF7F FAHAA AL AR ATAD wboz $ote] A
A FRFEAdzFAx qF)lA ez ATt

A

1e K
—
o
—
~
Q.
QO

~<
frtl
of
il
i)
2
N
k]

o

o= gt kA afloRE T 4849l pHO alkalinity®] W3tE #Es)
Atk F71E AAEZES CODQ A|HE, VFAse v& 9 CODA|AEo| wE biogas
o] wryES HAER A, JFAF(T-N, T-P 5)2 AALE dZsdch gz 4
HEbd g 2= CSTRY 1S go=x dbgxuy SS9 ise FA7F f71&% AAR
BEgFS WA BR S5 wstgs #AFSY X+ ATAD
oA 55 Co] #H7} FAF AT ATADZ 9} A2 Alo

>
Jo
ofit
BN
ol
T
)

el AhahE
2 ool W dEde] dojva AV =S FANteS stnE dEdo]
Bol 55 C FAs7|I7F oe$22 S ]85l control pannelell X &S =

55¢1 C7F ¥ =5 Alojsii.

SLEA S £ TN, T-Pe] A7 338 52 0], blowersh &#fwol= Wng
of %7] 9 M%7 Az 24tk 7]
i%—;‘_é}%guﬂ H]%ﬂ /}}HM]H'E 0 Ing/Li

kl

control pannel®] time controllerdll <1723}

Al B2 FEE 3 mg/L7t HES
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Atk E7] 9 B]E7] Az 1 hr/1hr o2 &9th HRTZF #8545 2abst &
sy ddage Srtstne 2dage] SustE 98 HRTE 24 hr2 al4g
o W HAE7IE(T-N 60 mg/L) £75 9% b4l SRT= 20 day °]d<
StEZ SRTE 20 day® A3tk &84 whse AFPLE 0] 8319

ke 141%‘* ‘i%%k% °°1au 100% 2 3t3ith. 153kl W& COD, T-N

0w

o

~

3

Fow, AP E=
% 5 A FH el A
2)

Ao & A

o

(1) ATADS] £45%4

ATAD= 2719 AF 2 &5 28al bgste] 47|71 1557+ FAkHs o
TE TEEE 5~100 3Aste] AL o] 7R W AAES] k3t 7|iko|gle
g2 Age FARE7E A4 n7t AT o]F ATADY FAHH G Y42 HRT

o] & AAAE RO Lo sHeste] AR EMARE oA EAY A

=2 1d 3
= E
Hpe] A

shorh

2

(7h 78 AA<1 pH 2 alkalinity®] 93
P~
T

a4 R ATADS pHS| W3} Figure 5-69 YEIATE FYF9] pHE &4 =
71l 8104 FH EH7kA Ao dAE ot FRbel]l 7 7~75 AR ot
7F ©Al pH 9.37HA] MM 3] sl olelst A2 2714 mAEel o3 f7l=
o] #3ol |3 bicarbonate alkalinity®] %7} Z1g]al §718 EA5e F714 24
7h FEYold Aim HAgke] olste] pHIF dedHe 890= AEEl] WiElw

- 168 -



=
o

9 c- i s s 4 aaa LI DU S

8 W“WWAW‘W

7

6

5

4 UM
3 ATAD pH
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Operation Time(Days)

Figure 5-6. Variation of pH at ATAD of the combined system

(th ss<] &

T A 71 w9t YT ATAD] SS(TSS¢F VSS) &3S Figure 5-7 18] il
S5Ol A| &S Table 5-201 Zt7} @ ofalqivh. &4 1759 FAH+E A= 4T
= Aol FUeet ATADS TSSE  ZHZ: 41,000(38,000~48,000) mg/L}
28,200(25,600~29,700) mg/Lol o VSSE  ZHz: 30,000(25,000~35,000) mg/Le}
20,700(18,600~22,900) mg/L=EA FBA FEE FAstaL UATE TSS9 VSSe| 33
o AAES A7 33.2%%F 32.8%FE YEFRTE ATAD®] VSS/TSSw 73%=A &7|4
nAEe] FAE7F vl =gd oz FuET HRT 149 ATAD +xlelA 33%<
TSS9} VSS A A& dntd o=z st4-& A9 AgE 9% ATAD HRT 10~20¥°l
A 50~60% KTk W2 AAES BAFIAAR HRTE Hlwetd A2 73 Ao=

LHERS T
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SS

60000
50000
N 40000
(fngE/L)aoooo = RYUSTss
20000 Y= vss
= ATAD TSS
10000 =@ ATAD VSS

135 7 911131517192123252729313335373941

Operation Time(Weeks)

Figure 5-7. Variation of SS in ATAD of the combined system

Table 5-2. TSS and VSS removal efficiency at ATAD of the combined system

SS 5% (mg/L) Hat AAE %

TSS VSS
TSS VSS

o,
Ml

i ) ¢l

T 41,000 | 38,000~ 48,000 | 30,000 | 25,000 ~ 3,5000

33.2 32.8

ATAD 28,200 | 25,600~ 29,700 | 20,700 | 18,600 ~ 22,900

#71% CODel &%
492t ATADS] COD9] 582 Figure 5-8 Z18]al #| A &S Table 539 727 &
3 g dels FAE & e &HelA ATADS tCOD7}
S8R, 235F 7 tCODS FA3% jumpt 27 TAHOR e AXAES
Q71 WZolth. & AAEH 9 27 7959 tCOD =% 54,500(41,000 ~ 67,400)
mg/L, sCOD &= 24,000(20,000~31,000) mg/Lo]l 912 ATAD f&59] tCOD -&
T 15,300(4,000~24,800) mg/L, sCOD 4,300(1,000~9,900) mg/L& el & 4
el 175 o] FHE tCOD AAEL 73.1% 183l sCOD A A& 84.7%= 32
H At ATAD®] HRT 194 COD9| #2 AAEL 2714 vAEe] A=}
S WRE ofyg} o shde| 9]ste] 55°CE frAIEHY] Wit o2 AlE T

2

ol

o

38

O

H
e
ol
o

ol
—_
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H
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= O

HE T
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COoD
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+%°g t-COD
L~ OIT s-COD

== ATADt-COD

=®—ATADs-COD

1357 911131517192123252729313335373941

Operation Time(Weeks)

Figure 5-8. Variation of COD at ATAD of the combined system

Table 5-3. tCOD and sCOD removal efficiency at ATAD of the combined system

COD 5 X(mg/L) B AAE %

t-COD s-COD

9]

t-COD | s-COD

Sk 9]

o
=Y

95 | 54,500 | 41,000~67,400 24,000 | 20,000~31,000
73.1 84.7

ATAD | 15,300 | 4,000~24,800 4,300 1,000~ 9,900

A717F Bt FEA [ T-NZ NHa-N#} T-Pe] #3577} Figures
5-9% 5-10¢] YWEtAT. & BAAEH A7 175 ol FH Y95 T-N&
4,000 mg/L ¥ Z12]a NH:-N< 3,100 mg/Le ®9lol Ao ATADS #-$
T-N< 1,000~2,200 mg/L 1231 NHs-N<2 500~1,800 mg/Le] WHell AT
ATAD+= DO 2 mg/Le] H<lolA %JEJL AR o HAiksheE o] Fol XA hgkom
T-N9| 75% AE7F NHa-N<QI Zo 2 Yepgton T-NO AAELS Hif 58% “18al
NH;-N& Ht 64%<% 2102 Yephthal glow AA" N Ao oS NHe-No=
eyt ATADO] Z7)oA AA" Ry oli= biofilterol 4 AAFATE.  F<
T-P+= 300 mg/L Helol Ao ATADS] %9 T-P+ 100~180 mg/L "l 2

K
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Fat AAEL 33%~52%] WLl AATE T-Po] AAE 57143 wA=] H3H A
Aol gk Aoz wekH
N
6000
5000 ﬁ
4000
5= 3000 1 - -—5— gt ti . TRy
(mg/L) 00 ] S 914 NH3-N
1000 , == ATAD T-N
0 ) - =@— ATAD NH3-N
1 3 57 911131517192123252729313335373941
Operation Time(Weeks)

Figure 5-9. Variation of T-N#} NHs-N at ATAD of the combined system

T-P

450
400
350
300
250

sk
(me/L)150 - - — . “*goaTe

100 ATADT-P
50 15 ——w—‘
0 —= -

1 3 5 7 9 11131517192123252729313335373941

Operation Time(Weeks)

Figure 5-10. Variation of T-P at ATAD of the combined system
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oh AR HAe pHE 55~6.58 vl pHel W7k A9 §l=
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ZIZbel = HdE X2 YrEhal oy AGAHE olF FAkEe dds AREE 7]
b Betols B Sl wdEskith Alkalinitye] S7bE WEElAEQl CO, E9Fe
S7toll 9gt Aoz Fks™ o]2 gt bicarbonate alkalinity™= 8719 914 9ol A
cbtrge] ok VFA F4 o w& pH Asts WAt wetdge] 44d% pH 21
FAEH=d BaAQl Aow AtnETh

& G Astel A Fet wEEaxo SS 532 Figure 5-120] 8. °Fekitt.
= AH A Y A E TSSSE VSs= 7474 6,000~8,000 mg/L2} 3,000~ 6,200
mg/L W9 Zela wedtiazs 72h2F 1,500~3,000 mg/Let 3,000~6,200 mg/Le]
Aol AAgLE AP ZA MY =L MLVSSS 4= ATAD &9 #71&0°] 44
Azollq FH3 BaEe Aoz Yehdal 9loem o] Figure 5-139 ¥-& VFAsY]
EE(700~1,020mg/L)2 EdE 5 Arh. & G HIA WEdaze] MLVSSE
1,000 mg/Lel A 3,250 mg/LoZ HF3] S7tshs o2 UENTH HRTE =974
A F7lERsE S7Fel wEl MLVSS dsshlal dA1e 2713t kel s

o T
HW
rBL

so denize] §71% ASHe AN dop g Qow AW ol
TES Wehdgze] MLVSSE 15,000~20,000 mg/LE fA3hs Ao@ Buwa g
= A% ge A% HelFu gu.
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Figure 5-11. Variation of pH and alkalinity

at themophilic anaeribic digesters of the combined system
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Figure 5-12. Variation of SS
at themophilic anaeribic digesters of the combined system
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Figure 5-13. Variation of VFAs(volatile fatty acids)

at themophilic anaeribic digesters of the combined system
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(th #71%(COD, VFAs, biogas)?| &3

Azl e 29 COD 532 Figure 5-149F o™ COD #|4-&2 Table
5-40] @oFetint. AE 2 =3 I)HEA 0FoA 175774A4)S At F phase 12 %
At Yas F9e ATADERE 33 § HdxoA &8AE AAS L eyt
% 10 L/day(AHA87d 22 HRT+= 19 283 wWghdazxe HRT 29)2 F94s+3,
o|% F%&S S7HAA phase I+ 13 L/day(RH4d %9 HRT+ 08¢ 18]al wghd
Ely

O

Z9] HRT 1.6%), phase III> 16 L/day(AFA4d 32l HRT+ 0.6 1¥]al wg
©] HRT 1.2%), phase IVE 20 L/day(?H8/d%2°] HRT= 0.5¢ 18]l wWghdg x o]
HRT 1) Fdatsict. wehdazxols f%F tCODE phase 914 1,250~1,860
mg/L, phase 1194 1,660~1,900 mg/L, phase III°lA] 2,020~3,800 mg/L, phase IVl
A1 4,000~6,000 mg/Lol™, sCOD+= phase I°|A] 610~1,010 mg/L, phase II°l|A]
970~1,150 mg/L, phase III°l|A 1,300~1,550 mg/L, phase IVelA] 1,800~2,200 mg/L°]
™ Z}7}e] sCOD AAE-S B 80.7%, 67.7%, 57.4%, 50.7%= EFSTE VFAse]
S} Figure 5-139F #Zom A ZoA A= VFAsS 2F 32 &57Its A9
& 700~1,000 mg/Lolal et E oM #FF 5= VFAs= 100 mg/Lolstz AHAYA
zo] 9ste] AAE VFAsE Hehd gz andor HijyHes Aow et
UTE Figure 5-15+= =74 Aslel A DA E biogas®] FAUAYF 123l Table
5-5% sCOD A A&7} #7lslo] biogas LAFS 4k 29Fslqlth. HRT 1.8Y A
sCODY biogas WA #HS AU %L 0.62 m’/kg-CODo| 1, HRT 2.4 , 1.8, 1.5

& H53 FFEOE 054~0.62 m®/kg-COD2| W el U2tk sCOD A71£&3} biogas
SRR oW HRT 39 o]do® o] Aadh Ao weket)
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Figure 5-14. Variation of COD at thermophilic anaerobic digester

of the combined system

Table 5-4. tCOD and sCOD removal efficiency at thermophilic anaerobic digester

of the combined system

AR 2 v gty 2
ATADZ sCOD
Phase COD(mg/L) COD(mg/L) A A
HRT HRT %)
tCOD | sCOD tCOD | sCOD tCOD | sCOD
I 1.0day | 1,780 | 890 | 2.0day | 1,620 | 830 80.7
I 0.8day | 3,420 | 1,490 | 1.6day | 1,860 | 1,390 67.7
——1 15,300 | 4,300
11 0.6day | 55310 | 2,960 | 1.2day | 3,650 | 1,830 57.4
v 0.5day | 6,940 | 4,510 | 1.0day | 5370 | 2,120 50.7
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Table 5-5. COD removal efficiency and biogas production at thermophilc

anaerobic bioreactor of the combined system

HRT 3 24 1.8 1.5
(day) (Phase I) (Phase II) (Phase III) (Phase IV)
COD removal(%) 83.2 85.9 68.6 61.0
Bigas Production 032 054 0.6 058
(m*/kg-COD) ' ' ' '
H | -
Biogas + X &
200
150
Biosgas
5 100
(m3)
50
0

1 3 5 7 9 1113 15 17 19 21 23 25 27 29 31 33 35 37 39 41

Figure 5-15. Cumulative biogas production at thermophilic anaerobic digester

of the combined system
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2,000~2,500 mg/L%} 100~180 mg/L&A $77]7F Bk ¥grh gl Aoz el
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Figure 5-16. Variation of nutrients(T-N, T-P) at thermophilic anaerobic digester

of the combined system
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Figure 5-17. Variation of pH at 2-stage aerated activated sludge
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AL, AAEL 742 ~ 83.6%= YEIHO™ T-P= & AYLE ©]F 60 ~ 85 mg/Lo]
a, AAELE 150 ~ 36.2% % LEFSTH

ULZRI|ZSS
2500
2000
= 1500 ——TsS
(mg/L) 1000 5 VSS
500
0

1 3 5 7 91113151719 21232527 293133353739 41

Operation Time(Weeks)

Figure 5-18. Variation of SS at 2-stage aerated activated sludge of the combined

system
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Figure 5-19. Variation of COD at 2-stage aerated activated sludge of the

combined system
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Figure 5-20. Variation of N species at 2-stage aerated activated sludge of the

combined system
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Figure 5-21. Variation of T-P at 2-stage aerated activated sludge of the combined

system
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Table 5-6. Characteristics of effluent of the combined system

&= (mg/L)
R HE
pH 7.9 7.2 ~ 83
t-COD 880 530 ~ 1,190
COD
s-COD 680 320 ~ 1,000
T-N 230 200 ~ 260
N NH,-N 130 100 ~ 150
NO,-N 100 10 ~ 140
T-P 50 30 ~60
TSS 190 100 ~ 250
SS
VSS 150 50 ~210
t A8
Pilot-scale A~ AAZAQ FHdHGFe AT A SHANA FHd== ¥
F=o] EAA Z ZFol7t vpr] wldoll AAIQIAe} AAl 7oA Zol7F YA FHAk
) 247099 Al 2 £L89 ATFE AA ATADOA HRT 19, 12 &
714 2tk FHdE7] A EH A oA HRT 0.5€4= =

A A3l A HRT 1.5~3.04, L&
o e e i e S S

ATADO A F2kd| =2 TSS9} VSse| Ht A A& 247 33.2%9} 32.8%, t/sCODE=
731%9 84.7% % EEH oAt AYAFA NHs-N AAEZEL 57%0]00m FA s
= NH;-N9] 90%°]4to] biofilteroll A A A ¥ 91t} T-Po] A A S 33%~52%2] 99

AN

AZH7IE 28 FAHL ATAD 258 JAxdAM SAE 45 AAT s
= o|&3dto] AT ol E e MR EF)E HRT 3YUolA dAHo = g
Fol 159%2 sl & AN 2 nAEe] #5 F#8HA sCOD



AAEL 574%~80.7% 2 biogas WAFLE 054~0.62 m’/kg CODE LHEFRLO
HRT 3% oJste] wxle] Fash Zow et ddadiel T-N# TP &

2ol 71E/d BAlE ATAD-22 8714 Ag-ukxele] A28 1435
of Fatula R E¢H o] A2t obee HFAbER] biogass ol&stal H7] AshE
Al F3kol el Aol dHlE Abgetal 284 e dfols Rerd
ZIEE WHESHEE aeA gl ofste] it & Wistes v 7MY T3 A
el Bk 71l T2 714 Aagtet FEAAHE Hlulske AojEw B Aqtg)
Zleshde] Aol B 7hA] 71 shell ) BAG S vlal HESIt

fFode FHES EF9F)uFe 22 100 m’/d(FE 1,000 F FR) 18 5
do. 2 TS 25,000 mg/L, VS 15,000 mg/L, L83 sCOD 25,000 mg/L% 7}43}il &
]

o
712 AgwAel us F ¥714 43k HRT 49 283l VS9 sCOD AlA &S
= Aol A =S 4,500,000 keal/dolH &7 A3}
g T2o® fA7] fdte] 2R d dlyA= 2,000,000 keal/d® 4HEE AT
2 HRT 19 183 VS92t sCOD AAEL 10%$F 30% =
Ao LA AL 4,015,000 keal/dol™ @714 Zsbell A HRT 29 (W] A
= Zeo 2u)) 183l VSS9 sCOD AAELS 27 40%F 90% = AHA 3
& Ao x] DAL 5310,000kcal/dE AEHTE ATADSE 112 &7)4
ES oA Aol A 5925000 kealZ 7]E9] T2 H7|A &
ste] AAGoZ 999 r)

N
N
(LN :
I
(@]
N
)
N
>
fr
2
o
ol
o
[0
of

- 184 -



TS = 25g/L (2,500kg/d), VS = 15g/L (1,500kg/d)
sCOD = 25g/L (2,500kg/d)

A
T 2 WP A A€ VS = 1,500kg/d*0.4 = 600kg/d
V = 400m’ Biogas A% = 600kg/d*0.8m’/kg = 480m’/d
p| HRT = adays | A7 ¥ sCOD = 2,500kg/d*0.6 = 1,500kg/d
7= VS A EE& = 40% Biogas 'A% = 1,500kg/d*0.4m’/kg = 600m’/d
PRI sCOD A& = 60%
% oA A F = 1,080m’/d*5,000kcal/ m’
v = 5,400,000kcal/d
% 929 = 100m’/d*20°C = 2,000,000kcal/d
% _
S A2 &-&=40%
Al 2Hl SCOD ] 2] &-&=90%
ATAD(Autothermal Aerobic Digestion) a2 g stz
V = 100m’ A AH f7]8=800kg/d AAHE VS = (1,500-150)kg/d*0.4 = 540kg/d
HRT = 1day g oA Ay A A ¥ sCOD = (2,500-750)kg/d*0.9 = 1,575kg/d
VS HE & & = 10% = 800kg/d*5,019kcal/d | | % biogas A% = 5400.8 + 1,575*0.4 = 1,062m’/d
sCOD A2 && = 30% = 4,015,000kcal/d FdvA T = 1,062*5,000 = 5,310,000kcal/d

% doluA] WA Aol = (5,310,000+4,015,

000)-(5,400,000-2,000,000) = 5,925,000 kcal/d

Figure 5-22. &< YF-atxzdstol X A4 H 7}
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OA7rEd s ol &3 123574 30 % OaLe 7|4 4232 (ATAD)S] A4 2
23} (ATAD) &H el 7 S
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1A% |7]% R b 100
(2006) |OanaEHEe wLHP7|23F Al2H) o |OLEE7 &St A|2Eo AA A
o A 0% g
OFAbslsel #3084 wede| o, (OHDE/ A=W HA L A%
A 0% 107 249 AHe094 wF
O &5 714 28 2(ATAD)S] A B L
pRri SFEATAD Al 5o |\ onagel aanrt
O%3tx FA7F22 13 (NH) A 10 % o} A A4 Biofiltere] A 2 3
714 biofilter 7 ¢l ==
Onage 1LP7)43 A2H o |O87| A8z SHEA AT}
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22 A &= _ _ _
o7y [Omed A LTe RarEd o QWIS SmACHISh % == =) 100
N o = 10% (¥ 3 743 Bt
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o Ozsale] #Fol et AE
OF7]&aspr 2"l AAlE sl & 25 9% OAEY e 45 A7t
=3 nexg s C | OnEAY A e
Oz I E3IA] AEl o %oﬂ _
ATADs g gy | B [OBAS el Pk plant 41
O%F A =5 °] Bench scale Pilot . . _
plant %ZE a8 AT 40 % |OFFAI2=H2] Pilot plant A2t
O¥714stx +da88& 2YHY 8
% 4 —?“ e
s 2 AN =T S A
AAlE  SolE=d %X j 100
(2008) Sﬁ%ﬁ] stelE=d a=Ae 20 OPilot plantit:.o] A =79 4
°ClExn _
A E TEDT 5 8 7 feed-back
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Moz A7ig 4 & dutgE A=
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d 312357 A3HATAD)E At Astx Fap7F BWol 2
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AANE 7eA gom WHoRE FolZ 2B il otk o= §714 729 4
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©owoto] Wady o] EH WLE/AHE o|8F NEE FLAY A od
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& QO A flol AT 2wt Agels Ad@ 4% 2 5 A% 5 AT 2
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8 BH 238 AT )% A AREA AsE SPAE 1857 D 0L @A
ol oat §71% Bl 9 WUFe AW Fom JAHEs} § Bdolr] WFo]
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