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Abstract — Effect of organic loading rate on digester performance was evaluated under the conditions of same
surface area/reactor volume ratio and different reactor diameter. At the low loading rate of 0.4 kg COD/m?> d,
high rate of organic removal could be obtained regardless of reactor diameter. It can be estimated that reactor
configuration can not affect reactor performance at the low loading rate. However, different performance
depending on reactor dlameter was observed at the organic loading rate of 6kg COD/m*-d. That is, volatile acid
accumulation and low COD removal efficiency was observed in reactor having 6.4 cm diameter, while volatile
acid was not accumulated at all and high COD removal efficiency was observed in reactor having 3 cm diam-
eter. Such a difference of reactor performance depending on reactor diameter can be explained that sludge bed can
be fluidized by evolved gas buibble in narrow reactor, while sludge bed can not be fluidized by evolved gas bubble
only in wide reactor. At a high organic loading rate of 20 kg COD/m*d, it can be judged that there is no relation
between reactor configuration and reactor performance because all reactors showed very low COD removal effi-
ciencies regardless of reactor diameter. Sludge bed fluidization is one of the most important factors in achieving effi-
cient start-up of anaerobic digester. Narrow and tall type reactor is favorable condition for making sludge bed
fluidization at a constant surface area/reactor volume ratio. Thus, it can be judged that reactor configuration and
sludge bed fluidization have great influence to reactor performance.

Keywords: Fish offal(®15-%17] %), Anaerobic digester(3 714 23}3), Sludge bed fluidization(E <% F538h),
Reactor configuration(®F5-3= 34, Organic loading rate(7-7]2 F318)
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Fig. 1. Schematic diagrams of experimental apparatus.

Table 1. Composition of synthetic substrate
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Table 2. Operating condition of reactors

Constituent Content A-1 A2 A-3 B-1 B2 B-3
+ Non fat dry milk 1.5¢ Applied Volumetric Loading 0.4 6 20 04 6 20
« Sucrose 15¢ (kg COD/m*-reactor-d
« NaHCO; 45¢ Influent Conc. (mg COD/) 200 3,000 10,000 200 3,000 10,000
* Tap water to 1 liter Reactor Volume (/) 1.45 0.32
Reactor Dia. (cm) 6.4 3
2= e goksly] 9ske] 3 A7 6.4 cm, SF 8 1450 HES Table 3. Analytical methods and instruments
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Item Unit  Method and Instrument

pH - pH meter (HANNA)

COD mg/!  Potassium dichromate reflux method

SS, VSS mg/l  Vacuum filtration (Glass fiber filter type
A/E, Gelman instrument Co.)

Total Alkalinity mg//  Potentiometric titration method.

Volatile acids ~ mg//  Gas chromatography

(Hewlett packard 5890 series)
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Fig. 2. Variation of effluent pH value during operation time.
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Fig. 3. Variation of effluent volatile acid concentration during oper-
ation time.
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Table 4. Chemical characteristics of digester

1.45 [ reactor 0.32 [ reactor
A-1 A-2 A-3 B-1 B-2 B-3

pH 6.70-8.53 6.35-7.03 6.03-6.99 6.63-8.22 6.61-7.71 5.67-7.32

Total Alkalinity (mg// as CaCOs) 427-2,791(1,350) 2,439-3,269(2,907) 2,439-8,674(6,618) 1,365-2,832(1,927) 1,986-3,419(2,918) 2,794-7,990(5,424)

Volatile acid (mg//)
VA/TA

21-71(36)

0.03 0.52

915-1,732(1506) 3,500-5,730(4,987)

10-30(22.8)
0.01

18-130(50.3)
0.02

2,650-4,989(3971)

0.68 0.73

( ): mean value
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Fig. 4. Variation of effluent total alkalinity concentration during operation
time.

22 6kg COD/M™d9) A71&E &3F5p7} Ter e 59 24
0}011*1 L 4 117“&5 B3 A- 29} B-2 =)

4
991 ChE 9H0E ehle A2 2 4 95, ol W8

2 Qlate] Wishe A oko] ATelE UAs

FF
[.%
<
=
o
=

3 F8a1E JeEhE dlog 223 £ 9le A 9 st
= A28} B2 whgF7ke) Ho|7t A7l Holof uhe wwiz ]
2jo] whol] glth= Ae 7re o ol2idt F-gxjo] PNTS

rir
o rlz

A AMgSE B2 vk A 27 3eme] vlwA 2 AAE
Zhe kg2 oI7) wiel] AP E ko] Fodel s ZeiA]
o) FFo] doftor ol geix|Fe] 7in el wE E
$oz vy I3 FAR QIS HEEE sHFel SRSt
AL 7HHE P 2 R ST xRl st
=2iA| dAze FA4 o] dojid] miE]l Ao 4

r\r izl

3500

3000

2500

2000

—e— Influent T-COD
—v— Effluent 8-COD

1500

COD (mg/L)

1000

500

6 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Operation time (days)

Fig. 5. Variation of COD concentration in reactor A-2 during operation
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B-2 during operation time.
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Fig. 7. Variation of influent and effluent COD concentration in reac-
tor B-1 and B-3 during operation time.
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Fig. 8. Variation of COD removal efficiencies in each reactor according
to operation time.
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