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1 0.6 m3 2 .
UASB
1/2 -
3 1.5 m3 UASB 2
30 cm
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SUMMARY

. Title

Development of a glasshouse heating system by methane fermentation of

organic wastes

. Objects and Significance

Since 1970°s, methane fermentation techniques using organic wastes
have been studied to develop a substitutive fuel for farming. These
studies focused on the methane production and the possibility that
methane could be used as a fuel. In recent years, however, the increase
of the methane production was the main issue in this field.

By increasing the petroleum price, the farming profit decreased due to
the high cost for glasshouse heating. Farmhouses used light-oil and low
level combustion system. And the hot outlet gas was released directly to
the air, energy efficiency was also very low. Because the light-oil
contained high amount of sulfur, the outlet gas had sulfur dioxide and so
it is impossible to input the hot gas into the glasshouse. After all it
IS necessary to develop a new substitutive energy which is cheap and
clean. To solve this problem, the organic wastes were fermented to
produce high quality methane, and this gas was used as a fuel for heating
system. This system could reduce the heating price and digest the wastes.

Technically methane fermentation of organic wastes has been put to
practical use and the organic materials(wastes) were generated as much as
20,000 ton per month in this country. The organic wastes could be easily
putrefied and emitted unpleasant odor. Although most of the wastes were
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treated to landfill so far, this method could be no longer used because of
water pollution and odor. One of the altermative methods was anaerobic
fermentation which could produce methane and used as a fuel for heating system.

We reported here a modified three-phase system which is able to
produce methane effectively from the easily biodegradable Korean food
wastes. This system reduced efficiently the hydraulic retention time by
increasing the rates of hydrolysis and acid production and produced large
anmount of methane than any conventional system did. And the high

efficiency heating system was also developed to combust methane.

. Content and Scope of the Project

(1) The primary year

Design, manufacture, and operation of anaerobic methane fermentation
system

1) Manufacturing of mini-pilot scale methane fermentation system

- Modelling of reactor

- Design of reactor

Design of processing and controlling
- By-product treatment

2) Maximum methane production using high efficiency methane-producing

microorganisms

- Maximum methane production from the three-phase fermentation system
- Purchase of high efficiency methane-producing microorganisms

3) Analyses of fermented methane gas

4) Calculation of optimal operation conditions

5) Economical analyses of the project
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(2) The secondary year
Composition of heating system for 50 pyung glasshouse

1) Manufacturing of methane fermentation system for heating of 50 pyung
glasshouse

2) Development of methane reservoir system

3) Design, manufacture, and operation of bumer for methane combus- tion

4) Design and manufacture of heating system

5) Economical analyses of the project

Results and Recommendation

(1) Results

The primary year

- In the beginning of this project, chinese cabbage and vegetable
wastes were used as substrates for methane fermentation. However,
they contained water at least 97%. This means that they were not
good substrates as a carbon source. Due to this reason, food wastes
were used as a substrate for methane fermentation.

- The average total solid(TS) content of food wastes was 17.5 %(wt),
and the average VS/TS and COD/VS values were 91 and 69 %,
respectively. The elemental compositions were as follons C-47.8 %,
H-6.1 %, 0-40.9 %, and N-5.2 %. C/N ratio was 9.2. This means that
Korean food wastes are good resources for methane fermentation.

- In the primary year, mini-pilot scale reactor system which produces
large amount of methane in a short time and emits no odor were
designed, and manufactured. This system could be divided into three
stages semi-anaerobic hydrolysis/acidogenic (30 L), aneerdbic acidogenic
system (45 L), and anaerobic methanogenic system(300 L).
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- The primary process was semi-anaerobic hydrolysis/acidogenic system.
Total 4,100 mg/1 of volatile fatty acids (VFA) was produced at an HRT
for 2 days. The operation temperature and pH were 30 and 5.0-5.5,
respectively. The non-degraded materials could be easily removed
through a hole at the bottom of the reactor.

- The secondary process was anaerobic acidogenic system equipped with
UASB type fermentor. VFA production could be accumulated up to 6,100 mg/1
by the addition of Clostridiun butyricum to the process at an HRT of
2 days. The operation temperature and pH were 35 and 5.0-5.5,
respectively.

- The tertiary methanogenic process produced CH4 and CO2 from VFA In an
UASB reactor, in which methane was 72 % of the total gas volume and
the methane yield was 0.45-0.50 m¥KgVS at an HRT of 12 days. The
operation temperature and pH were 41 and 7.6-7.9, respectively.

- The three-phase process exhibited an unusual high TCOD reduction rate
of 95 %. T-N decreased to 96% and less than 10 mg/l of T-P was
detected in the final effluent.

The secondary year

- Based on the results from the primary year, the pilot-scale reactor

was manufactured. Food wastes were broken into the fragments by the

crusher and applied to the semi-anaerobic hydrolysis/acidogenic
reactor by the screw belt. The size of the reactor was 0.6 m3 and the
inner fluid was stirred by the impeller.

- The hydrolyzed and acid-containing solution was transferred to the
bottom of secondary UASB type fermentor (0.6 m3). In order to apply
liquid fraction into the methane reactor, pipe line was equipped from
the central region of the top to the halT region of the bottom of the resctor.

- 11 -



- The size of the methane reactor was 1.5 m3 and the acid effluent was
transferred to the bottom of tertiary UASB type fermentor. Because
methane production could be inhibited if the upper Tfermentation
fraction was solidified, the solution was circulated by the pump.

- In order to precipitate solid wastes, cylindrical sedimentation tank
(0.2 md) was manufactured. To protect the shattering of the fragments,
90 cm pipe line was installed from the inlet to the bottom.

- In order to remove NHAN in the final effluent, oxic (0.2 m3 and anoxic
(0.4 m3) chambers were manufactured and connected.

- Methane reserwir tank was designed and manufactured to store the
methane gas produced from the methane fermentation reactor (1.5 m3 )as
amount of 10 m3 a day. The maximum capacity is 9.36 m3 at 7 kg/cm2 which
is a maximun pressure set up for safety. The pressure of gas

discharging a reservoir tank is controlled as burmer input pressure,

0.5kg/cm?, by governor, and the gas flow rate inflowing to burmer is
also controlled with constant amount selected.

- To convert commercial gas boiler into biogas boiler with cheap price,
the staging low NOx burner used for commercial gas was retrofitted for
bumer shape and size. Therefore, we could control the phenomena of
lifting and blow—off which is not good for combustion. At the maximum
thermal load, the concentrations of CO, C02, NOx were 611ppm, 6.8%,
1ppm, respectively.

- The biogas produced from methane fermentation reactor contained ammonia
with lower calorific value than comercial gases. Therefore, we have
designed and made Rijke pulse combustor combined external oscillation
by loud speaker, to bum out with low emission and high combustion
efficiency without purification equipments. It is possible for this
conbustor to get the good combustion and low NOx emission with

increasing extermal oscillations.
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- A burmer, retrofitted for the buming biogas, was set in water
heating/heat combined boiler to design the heating system of green
house. The performance test showed that flane stability and
combustion are good.

- To digest 140-150 kg food wastes, 3 m3 scale methane fermentation
system was required. This system produced methane which can be used
for heating of 50-pyung glass house. Using this system, 183,000 won
can be saved per month

(2) Recommendation

It was revealed that several kind of organic wastes could be digested
effectively and rapidly by the three-phase methane fermentation system
designed in this project. This system can be applied to the digestion of
food wastes gererated from the apartment in itself. And i1t was also
applied to the treatment of municipal solid wastes collected from the
district. Wastewater sludges and night soil can be digested.

Methane generated from the large scale plants can be used for the
building heating, electric generation, and also be sold in a small

aluminum container after liquidization.
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()
, 1994 18,055 ton/day 31%
» 1997
13,119ton/day 27.3% D.
75 85
.
1996 92.8% 2.6%
, 4.6% ( , , )
2
1997 746ton/day
, bl4ton/day

1970

39
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67 1996 97

(Table 1-1)9).

Table 1-1. Example of commercial anaerobic digestion processes for

municipal organic wastes

c7)
Amiens MSW Varlorga Drum 55000 | 1983
SS-MSw Wabio
Vi 3B D 40000 | 1990
aasa (Avecon) &) rum
SS-MSW Jysk
Vegger _ 15000 | 1991
e biogas
Rumlang Kompogas 5000 1992
Drum
Salzburg SS-MSw Dranco &) 20000 | 1993
screen
Baden- SS-MSW BTA 5000 | 1993
Baden
Leiden Paques —( )| 100000 | 1996
SS-MSW &
91D
D).
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Dry Continuous Digestion( )]

20 40%

(Completely-Mixed System) (Plug-Flow System)

Dry Batch Digestion( )]

Accelerated Landfill

( )
Wet Continuous Digestion ( D)
10%
Co-digestion
Multi-Stage Wet Digestion( D)
2 )
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acetate, methanol, formate, methylamines,

3
(Fig. 1-2)B).
3
D 10
pH
).
1
7.9). 2

HRT 16

0%

UASB(Upflow Aneerobic Sludge Blabket)
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TOr'g'an'i ¢ material ST

Hydrolysis by hydrolytic
fermentative bacteria

‘ Organic acids, Sugars, Alcohol eth

Biodegradation by syntrophic
acetogenic bacterium etc.

S

(A'cet'at'efPr'opi onate, B u't'y'r'at'efet'c}

<— Methanogenic bacteria

f Coz,’CH'4fH'2oﬂ

Fig. 1-2. The pathway of methane generation from organic materials.
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1 Mini- pilot scale

Vini-Pilot scale 3

.1 / Fig.2-1
30 L, 30 -
2
100 rpm -
1
- (Watson
marrow 313S) 2 -2
Fig. 2-2 UASB 5L L.
1 2
3 , 3
1 2
3
3 3
2
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2 Clostridium butyricum
35 -
3 UASB 300 L
Fig. 2-3 )
38 3
41 3
41 .2
2 3
, 3
C , WE-1A)
- 3
- 3
(Fig-
2-4) ,
Biological Aerated Filter ( BAF)
(Fig. 2-5) )
40 L 3
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50nl , 24 30
GT-1000WT, FM
(Biogeresis technalogy Inc.) 500 mI 3 4

1 / (Table 2-1).

Table 2-1. Microorganisms used for semi-anaerobic hydrolysis process

1 Cellulomonas cellulans cellulose, chitin, pectin
2 Flavobacterium. breve cellulose
3 Bacillus amyloliquefaciens
4 Bacillus. licheniformis
5 Bacillus subtilis ,
6 Bacillus alcalaphilus
2 1 /
cellabiose, glucose acetic acid, propionic acid, butyric acid
C. butyricur KCTC -3 ,pH54
Jar-ferrenter (Pyrex) 0L 3
1 C.
butyricum 1 -3
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- BAF GT-1000CL, HC- H20 1L 4

3
10 L/day -
(
2 ) ’
11
1 / -
3
11 1
Total Solid (T1S) \Volatile Solid (VS)  Standard method?
, CCQO Cr , T-N, NH:-N, NC:-N, T-P
» 1
pH %-27).
/ 2 , 2 2
12
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2. Volatile Fatty Acid (VFA)

1 / 2

500 ml 4 , 10,000 rpm 10

Centrifuge

Cellulase Nitrate Menbrane filter (Whatman, 0.45 )

5890A) 2£-0.

) Column Capillary Calumn 0.35 ricrameter

) Cetector FID

) Carrier Gas He

) Condition - Oven Temp 120
Injection Terp 200

- Detection Temp 220

3. 2
2 3 methane
Fig. 2-6
(Table 2-2) Bryant
2
450 ml -

- 41 -
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Cwen  Shelton
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450 ml ,



43

50 mL

41

30

5L

COz+H2

30l

Gas chromatagraphy (TCD)

3

Gas Chramatography
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Gas

Chromatography (Shimadzu GC-14B)

) Column Haysep D 100/120 mesh
) Cetectar Thermal Conductivity Detector
) Carrier Gas He
) Condition - Initial Terp 40
Injection Terp 200
- Final Terp 150

- Detection Temp 220
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Fig. 2-6. Schematic diagram of anaerobic culture system.
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Table 2-2. Composition of modified Bryant-Robinson medium.

Components %

NH<CI 0.1

Bryant mineral sol 5

Mediumm Vit sol 0.5
Resazurin 0.0001

eCysteine- HCI 0.05

NaHCO3 0.15

eNazS 0.01

Components /L

KHZPO4 18g

Bryant mineral sol Nacl 189
(NH4)z504 89

CaClz: 6Hz0 0.53g

MgClz 6HzO 0.4g

CoClz: 6HZzO 0.29

MnClz- 4HZO 0.29

FeSO4 7THZ20 0.08g
Components /100ml

Calcium pantothenate 0.02g

Vitamin sol Nicotinamide 0.02g
pyridoxine- HCI 0.029

Riboflavin 0.029

Thiamine- HCI 0.029

p- Aminobenzoic acid Img
Biotin 0.25mg
Folic acid 0.25mg

Vitamin B12 0.1mg

aNazS and Cysteine- HCI were used after autoclave and filtration.
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pH 9.8

20 L

rr rr e

ARoA
22423 XX 5,

CCD/AVS

4,200 mg/L

3
BAF pH
CCD 2400 mg/L,
10 L 3B L
1
10 L/day
CaD -
Table 2-3
18.9 % 15.9 %
C1.3 % .
CCC 51,5C0 mg/L S
68.67 % .
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Table 2-3. Physiological properties of collected food wastes

Schid Certert () | VS/TS (W) Menu
1 18.2 93.57 T
2 17.96 00.11 ’
3 16.36 93.69 , ,
4 17.7 90.05 ’ ’ ’
5 18.94 90.24 ’ ’
6 17.1 91.01 ’ T T
7 17.56 89.87 ’ ’ ’
8 15.9 95.62 . .
9 17.56 89.95 ’
10 18.06 88.91
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€68.9 mg/L
. Table 2-4

88.7 %

Table 2-4_ Elemental analysis of collected food wastes

Solid Elevental composition(%)
VS/TS() CCD/VS

content(%) C H 0 N

17.53 91.3 0.69 47.8 6.1 40.9 5.2

/ 2 2
Fig. 2-7, 2-8 TCOD 45,000 mg/L
SCCD 31,000mg/L ] Fig. 2-9

3,600 4,800 mg/L 4,200 mg/L -

(50 mg/L )

(Fig. 2-10). oD

CaD

) 10.5 mg/L )
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TCOD (mg/L)

b
45000 < 0. e
°
¥
L ¥ Y
v y T ¥ % T
15000
3000 -
2000
1000
0
10 20 30 40 50
Time (day)

Fig 2-7. Changes of TCCD in a three-phase fermentaticon

process.

Symbal e , caollected SS-NSW ; o , semi-anaercbic

hydrolysis/acidogenic process ; A , anaerahic
acidogenic process ; , anaerchbic methane process.
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SCOD (mg/L)
&

0 10 20 30 40 50
Time (day)

Fig 2-8. Changes of SCCD in a three-grase fernertaticn
Frocess.

Synbcl e ; seri-anserctic hydrolysis/acidcgenic prccess,

o ; anaerchic acidcgenic process, V ; anaerchic methane

process.
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4000'-' ° . » 1
™ L ]
v

3000 ¥ v v vy

. ¥ -

L J
2000 - v
1000 -

10 20 30 40 50

Time (day)

Fig 2-9. Changes cf T-N iIn a three-phase fernentaticon
process.

Symbal e , collected SS-MSW ; o , seri-anaercbic

Fydrclysis/acidcgeric greccess ; Vv, areerckic eciccgeric
process ; , anaercbic rethane process.
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NH;-N (mg/L)

1800
1600
1400 |
1200
1000

200 L

Time (day)

Fig 2-10. Changes of NH-N in a three-phase fermentaticn
process.

Symbal e , collected SS-MSW ; o , semi-anaercbic

hydrolysis/acidogenic process ; Vv, anaercbic
acidogenic process ; , anaercbic methane process.

- 52 -



500 mL

4. 2

C. butyricur

pH

pH 5.4

pH 3 4

pH4 5

(4,000 mg/L )

1L

1

C. butyricur

11

pH
5 N NaCk

pH

kH

pH

1

4.5

o

pH

pH

- B3 -

pH

. Fig. 2-11

(GT-1000 FM, WT

. Fig. 2-12

7.C

pH

pH

4.5

CC

pH

1 L/day



(Fig. 2-13).

Fig. 2-14 C
)
3 4
1 (5 N NaCH pH 7.0 )
1 L/day Nz CCZ 2 8
- pH
8 1
s 2 1
2 10 L -2 3
3 .2 1
2
3
3
- 3 TCCD
25,000 mg/L, SCCC  20,000mg/L , TCOD 35,000
nmg/L , 2 TCOD 1 CCD
20,000 mg/L - Fig. 2-15
TCCD TCOD 5,000 mg/L
3,200 mg/L , 3,600 mg/L 1
1,000 mg/L, 700 mg/L
) 6.1 mg/L )
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™ » " PR . [ 3 I ™ ’
. e . LI 8
L
0 4] 10 15 20
Time (day)

Fig 2-11. Changes of pH in semi-anaerabic hydrolysis/
acidogenic fermentation process.

symbol e , Microorganists were not added to the

pracess ; o , Microorganisms were added to the process
at the interval of 3 4 days.
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8
L
F3 . .
2 L
5
°
2 b .
1 #
4 ¥
0 1 2 3 4 5] 5] T 8
Time (day)

Fig. 2-12. Adaptation of Clostridium butyricum to the
hydrolysate produced from semi-anaerobic
hydralysis/ acidogenic fermentation pracess.

1. C. butyricum was cultured in a anaercbic condition
for 4 days. Equal volure of sterilized hydrolysate
and growth culture solution of C. butyricum was
mixed completely.

2. Hydrolysate(1l L) was added to the culture solution
at everyday after titration to pH 7.0.

- 56 -



5
5
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D.'I'il....l .,
£ 0 g 00 g0 e
3
2.
] 10 15 20
Time (day)

Fig 2-13. Changes of pH in a anaerobic acidogenic
fermentation process.

10 L of fermented solution was added to the acidogenic
fermentation process, and pH was adjusted to 5.0-5.5.
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100 »
\ .
gl
\"\
&0 1 \\
\'{\_
'¢:| 1 . H\ e
.
H"'--\.
) ""l'—-______._ e——————%
0
1 2 3 4 5 & fi &
Time (day)

Fig 2-14. Cas gereraticn rate fram ansercbic acidogenic
fermentation process.

Symbol e , N2; o, CC:.
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TCOD (mg/L)

20000

10000

& ]
L L . ™
[
5 10 15 20
Time (day)

Fig 2-15. Difference of TCCD of fermented fractions
between upper and down part of the
anaerabic acidogenic fermentor.

Symbcl e , TCCD of the fraction eluted from the

down part of the fermentor ; o, TCOD of the
fraction eluted fram the upper part of fermrentor.
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CC/FID Fig. 2-1€ 1
4,100 mg/L 2
mg/L 6,100 mg/L
1 /
nmg/L , 1
-1
(3,150 mg/L) 2

(3,000 nmg/L) acetic acid

acetic acid

/
1,013 ng/L veleric acid butyric acid
1 /
1 /
2
acid
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acetic acid 7%
50%
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28t process

1at procass

0 1000 2000 300 4000 S000 G000 000
D Acetic acid EPropionic acid @Buiyric acid BValeric acid

Fig 2-16. Production of wvolatile fatty acid (VFA) from semi-anaerobic

hydrclysis/acidcgenic and anaerckic acicogenic ferrentation prccess.
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Fig. 2-17 3 4
38 4.24 %, 41 4.81 %, 43 4.17 %
41
2
2 41
(Fig.
2-18). 41 30 1,422 L
1,023 L 72 % 38 30
1,175 L 764 L
65 % .
38 3 41
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gas and
methane production (ml)

Accumulative

—

—h

vV -7 ¥V -¥¥
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i
0000 JF
"
500 e o
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ALTH n AR el

2 4 6 8 10 12 14 16

Time (day)

Fig. 2-17. Accumulative gas and methane production
acccrding to the tenperature in a anserchic
culture bottle.

Symbal v- , accurulative gas and methane
production at 41 ; e -o , accumulative gas and
methane praduction at 38 ; m O, accunulative gas
and methare prcducticn et 43 .
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Volume (L)

0 5 0 15 20 25 30
Time (day)

Fig. 2-18. Accumulative gas and methane production
according to the temperature iIn a
methane reactaor .

Symbal e -o ,  accunulative gas and methane
production at 41 ; ¥Y- , accunulative gas and
methane production at 38 . Closed symbol was
accunulative gas production and aopen aone was
accunulative methane production at different
temperatures.
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3 pH  Fig. 2-19 7.6 7.9
pH 7.5 . 3
ccz CH4
Nz NHC
( 50% )
3 -
3 CCD 2,300 mg/L,
2,500 mg/L, 2.93 mg/L )
3 ’
- pH
Fig. 2-20 pH 9.8 -
8 3
3 pH
pH 9.8 .3 10
L/day 10 L/day BAF
oD . Fig. 2-21
1 BAF
BAF pH 8.69 pH 9.61
pH 1 - BAF - CCD
1 BAF
CCC 35 % BAF
16 % CCC -
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100 15 20 25 30 35 40 45 30
Time (day)

Fig. 2-19. Changes cf pH iIn a anaeratic methanogenic
fermentation process.
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Fig. 2-20. pH changes in a clarifier.
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Fig. 2-21. Removal of COD and T-N in a
biological aerated filter

Symbal o , CCD removal ; e , T-N removal.
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pH

/

120 mg/L 40 %

3 10 L/day  BAF

1,000 mg/L

2,000 mg/L

- BAF

Table 2-5 .
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Table 2-5. Operation condition and performance of a mini-pilot

scale three-phase methane fermentation system.

Biclogical
Parameter 1st process 2st process 3st process ;
Filter

HRT(d) 2 2 12 9
Loading(kgvs/mid) 20 22.8 25 27.4 12 18.8 1 1.2
pH 5.0 5.5 5.0 5.5 7.6 7.9 8.3 8.7
Temp( ) 30 35 41 30
T-N(mg/Z1) 4287 3216 2624 166
NH-N(mg/ 1) 117 172 1205 66
Cop(mg/)

TCCD 44948 30582 2382 1145

SCCD 32223 20632 1071 1104
BCD(mg/ 1) 51081 20876 1356 287
Gas yield(m/kgvS) - - 0.65 (.70 -
Gas camposition

CHeC%) - 8.9 72

CCC%) - 91.1 28
Vethare yield(ni/kc\S) - - 0.45 0.50 -
Vaiatile acids(rg/l)

Acetic 3151 2976 313 -

Propionic 0 1013 0 -

Butyric 123 562 0 -

Valeric 829 1543 0 -

Capraic 0 0 0 -

Tatal 4103 6094 313 -
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1. 50

/ -1
Anaerabic Sludge Blanket) type

-2

Fig 3-2

(Fig 3-3).
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Fig 3-1
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Figure 3- 2, Schemafic diagram of crusher,
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UASB

water jacket

water jacket

Fig 3-4

Fig 3-5
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CaD - 0.2
(Fig 3-6). a0
6. /
(Fig 3-7). C.6
0.2 , 0.4
N
7.
@
1
11 Jar-fermentor (Bioflo 3000)
50 24 fermentor
45 5 1
/ -
2 1 /
glucase, cellobiose acetic acid, propionic acid, butyric acid
C. butyricur KCTC -
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3B, pH5.4
0L 3

C. butyricum 1

@
1 1 1
50 kg 50 L
3
(€))
)
CCh Cr
pH
1 /
12

-8l -

Jar-fermenter (Pyrex)

100 L

100 L

-3

1

, T-N, NH:-N, T-F



2) vVolatile Fatty Acid (VFA)

1 / 2 3
500 mi 4 , 10,000 rpm 10
Centrifuge cellulose nitrate nmembrane

filter (Whatman, 0.45 ) -
Cas Chromatography (HP 5890A) -
) Column Capillary Calumn 0.35 ricrameter
) Cetector FID
) Carrier Gas He
) Condition - Oven Temp 120
Injection Terp 200

- Detection Temp 220

3) 3

3 Gas

Chromatography (Shimadzu GC-14B)
) Column Haysep D 100/120 mesh
) Cetectar Thermal Conductivity Detector
) Carrier Gas He
) Condition - Initial Terp 40
Injection Terp 200
- Final Terp 150

- Detection Temp 220

- 82 -



3
(Table 3-1).
11 1 /
2 2
2,664 mg/L , 145 mg/L
, 1 /
- TCCD 61,547 mg/L SCCC 54,990
nmg/L . TCCD  sCcc 1
Cop
) 45 pH 5.0 5.5
GC/FID , acetic acid

2,856 mg/L , praopionic acid 140 mg/L, butyric acid 213 mg/L,

capraoic acid 122 mg/L 3,331 mg/L -
1 / 2
2 3 .2
1,728 mg/L »
105 mg/L ) 1

. TCCD 47,934 mg/L sceb 27,651 mg/L -
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Table 3-1. Operation conditions and performance of a pilot-scale

three-phase methane fermentation system.

Parareter 1st Process 2nd Process 3rd Process
HRT(d) 2 2 12
pH 5.0 55 5.0 5.5 7.6 7.9
Temp( ) 45 35 41
T-N(mg/L) 2664 1728 1920
NH-N(mg/L) 145 105 711
CoD(rg/L)
TCCD 61547 47934 22600
SCCD 54990 27651 18958
Volatile acids(mg/L)
Acetic 2856 5221 -
Propionic 140 710 -
Butyric 213 1186 -
Valeric 0 118 -
Caproic 122 228 -
Total 3331 7463 -
1 TCCD  SCCD 1
2 2
TCCD
SCCD 2 . 2
Clostridium butyricur 35
’ pH
3.5 45 , pH 5.0
NaCH pH 5.0 5.5
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CC/FID

propionic acid

, acetic acid 5,221 mg/L,

710 nrg/L, butyric acid 1,186 mg/L, valeric acid 118

mg/L , capraic acid 228 mg/L - , 2
7,463 mg/L )
1 /
acetic acid 8.7
2 63 acetic acid
, 2 C.
butyricur butyric acid

C. butyricur

12

gas

» 1 /
propionic acid, valeric acid, caproic acid 2

, 2

3 CHe  CC2

1,920 mg/L , 711 mg/L

£ 2 £
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1,2

. TCOD
18,959 mg/L

3

TCCD  SCOD

41

TCCD

22,600 mg/L

SCCD

/

65

3
, SCCD
7.6 7.9
2
/

valeric acid

C-butyricum
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2

valeric acid caproic acid

2
3 3
m _ _m_
3 10 day (=0.4--)
stainless
(VL) m an 2(V2)
1.55m . 3-8 -
@D -
_ T2 42
V = 7 d° L+ 3 mr° h
v (m)
d (m
L m
r m
h m -
1 @ ;
Vi= L0757 14+ Sm 04875°0.15 = 1.195m’
2 (©) -
vV, = %0.52 1.45+ -;‘-n 0.1°0.1 = 0.288m°
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V) ©)) -

V = V,;+ V,= 1.195+ 0. 288= 1.483m° @
7 ko/cnz 20
® -
_ P T
Q= V x o X -7 ®)
_ 7 273 _ 3
= 1.483 X 10332 < 203 - 9.36m
Q (m)
p (kgtl/cmz)
p' (1.0332 kgi/cmz)
T «
T' (273 K) -
9.36 ns
1
C 38
check valve -
governer 0.5kg/cm?®
drain valve ,
- 7 kg/cm2
alarm pressure gauge safety valve
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1
, NO> bench scale Rijke
39 -
sampling prabe stainless steel -
(local resclutiaon) sampling prabe
prabe 2mm - Probe
80 - sarpling prcke
soot glass wool  filtering

electric gas cooler(ECP20-1, M&C Praducts Analysen-technik GrbH)
- NC CC
infrared gas analyzer (ZRF, Califarnia analytical instrurents, INC)
CCz, 0z, CO, THC GC(GC-1413, Shimadzu) -
R-type probe(13%Rh/Ft)
digital signal Data logger(HYDRA 262FA,

FLUKE) )
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1 L=400mi

RN ELTR

Bis 510 g=5.4
i
/S sm3i0d=d
P Fa

a6 J10d=3

B i

Dz X -‘#.—1
. T “‘\j

1
1"-.\ Sargpﬂng Cocling waler Cooing
o 00 outiet e
Inlet
lsothermal
Lttt
Water pum
Fova rrahes
MO CO H - gua:mn
Anabyzes * r©— cooksr
= WOCCLET QUMmp Clagawas]
jchrormatogiaphy

Figure 3-2, Flow System of Sampling Line.
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(CH4 70%, CC2 25%, NH3 5%)

, /
(retrofit) -
1) NOx (retrofit)
NCx 3-10 - governor

¢ 3-10, 5 )
- danmper( 3-10, 7 )

centrifugal blower( 3-10, 2 ) -

1
1 , 1 1
-2 shit
- 2
2 3
- NOx fuel NCx thermal NC>
fuel staging 2
NO> 2
NO> NC>
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thermal NO
&% )] fuel N&  fuel staging

NC> . Table 3-2

Table 3-2. Specification of low NOx burner

Burnerl Burner2
(mm) (mm)
) ) ) )
1 2 16 0.503 2.5 16 0.785
2 4 4 0.503 4.5 4 0.636
1 2 31 0.974 2 31 0.974
40x 40x
2 9 3.6 9 3.6
1 1
90x 90x
3 1 9.51 1 9.51
a3 83
2) NOx bench scale
NCX 3-11 - LPG(Liquified
Petroleum Gas) 1.5 kg/cnz
- governor 0.5 kg/cn:
oriffice -
’ 20 kg
0.5 kg/cmz oriffice
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fE:m:aus.t gas

Regulator '

A O :

Govemnar  Flow meter v

For haating H

? X lﬂl —

On/off valve

Fropane bomb
—] e

i

Regulator Bumer i

0 O

Govemear  Flow meter O !

3 -

Onfoff valve  Control valve

COabomb Surge tank

Figure 3-11, Schematic Diagram of Commercial Boiler System,
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8,570 kcal/Nn3 ca: 70%  30%
22,350 kcal/Nrt cc2
(€)) -
H, = 8570CH ,+ 22350C,H g [kcal/Nm?] ®
H, () CH,,C;3Hg,CO,
) 0)) )
H, = 8570x0.7 5999 [kcal/ Nm?] 0))
Hu o ®
CH, = oo 9999_ _ 97 [keal/Nm?] 5)
22350 22350
27%  CO: 73%
Table 3-3 (Flame 1)
(Flame 2) -
(o7
, (o7
. CC Flame 2
Flame 1 C 3-12
). ca:
(Table 3-2).
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®
73

. Bench scale

blow-ofF

Flare 1

2% CCz

80%, Flame 2 85%

Table 3-3. Exhaust gas concentrations of different flame types.

Frame 1 Frame 2
CiH8 /€02 25CHE/75C02 | 22CiHe/78CC2 | 25CHE/75C02 | 22CiHE/78C02
02 8.7% 9.0% 8.8% 9.5%
Co 81C0ppm 1445ppm 524ppm 611ppm
Cco2 6.7% 6.4% 7.1% 6.8%
NCx 3ppm 1ppm 3ppm 1ppm

Flamel
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Flame2
Fig.3-12. Photograph of Flame,




3. Rijke

CCz NHC

kY

(aerodynamic type) ,
Helmholtz rescnance
pipe rescnance

(acoustic oscillation)

NCx(therral NOx)

ccz2

fuel NCx fuel staging

(

- 08 -

Rijke

(mechanical type)

pipe resonance

; Rijke

Co2

fuel NOx

Rijke tube

(external coscillatian)

3-14, 3-16).



3-15 ascilloscope(CS-902CC, LG ) Paower Arplifier(JPA-120)

- 3-13 -
. water trap
2)
22 /rin, 1 30 /rin, 2 50 /rin
(Reference flame) - Flame 1
Flare 2 1 200 /rin 408 /rin ,
Flame 3 Flamed 2 400 /rin 600 /min

(Table 3-4). Table 3-4

NCx
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To pulse combusho

FYWS Air
o) -
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§
]L .
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Figure.3-13. Flow Line for Pulse Comibustor,

- 100 -



L

Puse
Gl Gl

Dacoupiar

Figure 3-14. Schematic Dicgnam of Rijke Pulse Comioustar,

Fig.3-15. Eguipments of Oscilloscope _ i
and Fower amplifier, Fig.3-16. Rijke Bumer,
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Table 3-4. Exhaust gas concentrations with variation of flame types

Flare
Fefererce Flere Flane 1 Flene 2
tyre
Tir. Tir. Tir.
Flow Foel| istair | | Fuel| st sir| | Fuel | st sir |
rate eir eir air
¢ /mn | o 20 0 | 2 20 0 | 2 40 £0
Ccrc.l C2 | CO| NCx | CC2
C2 | CO|NCx| Cc2 C2 | CO| NCx | (CC2
Frec. % | gEm| EEm %
0 116, O | 23 | €1 |1C.0| 6 | 42| €8 |125| 18| 24 | k.1
1C0 11.1] O | 20 | €.3 |1C.2/ 5| 40| 7.2 |128| 11| 17 | E3
2C0 11.0, O 19 | €7 |1C.6| 4 | 2 75 | 1832 5| 16| ES5
Flame
Flame 3 Flame 4
type
Flow rate Fuel 1st air Tir. air| Fuel 1st air Tir. air
¢ /min) 2 30 40 2 30 60
Conc.
02 Cco NCx cc2 02 Cco NOx cc2
Freq.
0 11.5 7 34 6.2 13 18 22 5.2
100 9.7 6 32 7.4 12.7 12 21 5.4
200 9.3 4 23 7.7 12.6 7 20 5.5
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g7 10 20 358 / 99 11 1
610 / - 9 11
600 750 940
50 %
- 1kg 100 110
70 75 70 80
- 50 1ce
10 m: - 14Ckg
¢ 34 )
2,500
3 4 -
2 2
660 72,000 |,
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20,000 , 660 4,752
Table 3-5.
Kcal/k ¢ /d €QC
( o) (Kcal/cay) @ sday) | ( )
11,000 9.13x 105 100 7EC-c4C 850
20 / x
1.7 / x
13,280 9.13x 105 | €.58x 1C4 30 3,000
150 =
£,1CC
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1. Mini- pilot scale 3

Mini-pilot scale 3

70 72

70

1) Ho1 EC B, 2 5.C E.5, 3

7.6 7.9 ;
2) 1 0 ,2 B, z
a1 .

3) 1 20 22.8 kgvS/niday, 2
25 27.4 kgvS/niday, 3 12 18.8 kgvS/miday

1)1 4,100 mg/L 2
6,100 mg/L ;

2) 3 C.€5 C.70 mi/kg\S

0.45 0.50 m/kgVs ;
3 BAF
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1) BAF 30 pH 8.3 8.7 ]
2) BAF 3 TccL 1,1C0 mg/L,

T-N 170 mg/L )

2. Pilot scale 3

1
D (HRT) 1 2 ,2 2,
3 12 .
2) pH 1 5.0 5.5, 2 5.0 5.5,
3 7.6 7.9 -
) 1 45 |2 3B, 3
11 .
D1 2,664 mg/L, 2 1,728mg/L,
3 1,920 mg/L .
21 145 mg/L, 2
105 mg/L, 3 711 mg/L .
D1 TCCD 61,547 mg/L, 2 47,934mg/L,
3 22,600 mg/L s
scct 1 54,990 ng/L, 2 27,651 ng/L, 3
18,958 mg/L .
4H1 3,331 mg/L , 2

7,463 mg/L )
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Y

7 kg/cn2 - 9.36 n3 ,
0.5 kg/cm2 -
2)
3
Rijke -

(cscillatian) NOx
50 140 150kg

3 10L

. 183,000
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