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Abstract—In this experiment the performance of UBF process treatment for wastewater chicken manure was tested un-
der the condition of constant temperature of 35C and the volume of UBF is 4 liters. The experiment covered two
stages; the first wes start up with phase | and phase I, the second was steady state. The following results average of
operation period were obtained; (1) During the period of start up phase I operation the biogas production rate
0.39v/(v.day) at the volumetric COD loading rate of 2.97 kg COD/{(m?. d) with COD removal 76.85% and hydraulic
retention time of 10,04 hours and phase I the biegas production rate 3.86 v/{v.day)} at the volume loading rate 11.69
kg COD/(m®. d) have heen achieved with COD removal 82.47% and HRT 16. 45 hours. UBF process had resistance to
the quantitative shock load. (2) During the steady state operation, the hiogas production rate 9. 83v/(v.day) at loading
rate of 28.85 kg COD/{m’. d) and COD removal efficiency 80.03% and hydraulic retention time of 18.73 hours have
been achieved for this reactor. The operation of UBF reactor was very stable.
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1 Introduction

1.1 Poultry manure

Hobson et al. (Hobson, 1981) reported that, poultry excreta are a solid mixture of feces and
urine, of about 70% water content.

1f the excreta are from caged birds, the materials tend to dry on the collecting days and can be

of lower moisture content. However, the excreta are usually collected as a wet solid by flushing
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out excreta which is below the cages and channeling it for disposal. For anaerobic digestion, water
would have to be added to make a slurry for use in the contentional types of digestion. So, here the
installation of a digester system would not necessarily mean any additional water being added.

In deep-litter system the excreta drop into straw, shaving, corncob or other fibrous material
and the mixture is scraped from the poultry house for disposal. This type of material mixed with
slurry, could pose mechanical problems as digested feed stock, because of the large {ibrous particles
that could clog pumps and pipes and cause scum problems.

1.2 Anaerobic digestion for poultry manure

The poultry manure is suitable substrate for anaerobic digestion. Laboratory study has demon-
strated that methanogenic bacterial culture can be easily initiated and systematically selected for the
most efficient methane producer (Gramms, 1971; Converse, 1980; Huang, 1982; Hills, 1984;
Shin, 1988).

1.3 UBF reactor

A UBF reactor consists of up flow anaerobic sludge blanket reactor( UASB) and some filter
material. Chnoweth and Ronisaacson({Chnoweth, 1987) described that, UASB reactor consists of
three distance zones: a sludge bed, a sludge blanket and settling/gas separating zone. Wastewater
is pumped into the reactor upwards through a bed of dense granular sludge and a blanket of floccu-
lated sludge particles. A UBF reactor was ntilized in the present study. Ghanem(Ghanem, 1992)
mentioned that, there are three reasons why UBF process was mtilized to treat chicken manure;
{1) The first reason is that UBF process has high SRT which results in high treatment efficiency,
stability during operation period, and benefit for acclimatization of seed sludge. (2) The anaerobic
granular sludge formed in UBF reactor can decreased the effect of toxic material such as NH;-N on
bacterial generation time. (3) Finally there are many cases of experience in operation, mainte-

nance, design and management of UBF reactor.

2 Material and methods

2.1 Anaerobic sludge

Anaerobic sludge was collected from an old

anaerobic digester fed with chicken manure Table I Some chemical analysis of wastewater
from Shanghai County of Shanghai City, Chi- pouliry manure(liquid phase)

na. The sludge uscd as starter was rich with Before separation{mixture) Concentration
anaerobic microorganisms. The concentration of €oD 80000mg/1.
mixed liquor suspended solids( MI.SS) average After separation{ waste water)

was 111.5 g/L and for reactor was 27.88 g/L. COD 21500 mg/L
The mixed liquor volatile suspended solids — BOD . 11730 mg/L
{MLVSS) average was 47.71 g/LL and for re- NH,-N 1900 mg/L
actor was 11.93 g/L. pH 7.3

2.2 Chicken manure

Chicken manure was collected from Golden
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Bridge FEgg Pouliry Farm{ caged birds), Shanghai, Chinz. Laying hens manure was separated into
liquid and solid materials using centrifugal force. The solid phase was treated by aerobic fermenta-
tion process to prepare an animal and fish feed. The liquid phase (wastewater poultry manure) is
treated by anaercbic digestion process to produce methane as a source of energy for poultry farms.
The over all techniques are presented in Fig. 1. And some chemical analysis of wastewater poultry

manure from liquid phase as following in Table 1.
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Fig. 1 Technological process for separation of laying hens manure mixture

2.3 UBF reactor

The UBF reactor utilized in the present
study consists of bench scale model of up
flow anaerobic sludge blanket reactor

{UASB), it was constructed from cylindri-

cal plexiglass, and a {ilier was made of soft

plastic with nylon fiber to grow anaerobic
seed sludge and prevent washout through
circulation of wastewater. The total volume
of reactor equals to 4.55 L, the active fer-
mentation volume was 4.0 L while the bio-
gas space was 0.55 L as shown in Fig. 2.
2.4 Control box

A wooden contro! box with volume of

0.45 m® was equipped with the following
equipment: (1) gas flow rate gauge; (2) )

feeding pump; (3} heating source; (4)
Fig. 2 Sketch of the UBF reactor
1. Digester plexiglass; 2. anaerobic shudge; 3. filter{soft plastic

stant 35C. with nylon fiber); 4. gas space; 5. gas out; 6. gas flow rate me-
ter; 7. feeding pump; 8. influent; 9. syphon device; 10 effluent

thermostal: the temperature was held con-

2.5 Chemical analysis
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Total suspended solid(TSS) and chemical oxygen demand (COD) were determined according
to the method recommended by the American Public Health Association{1985}. Methane content
was estimated by using chromatography apparatus model 100 from Shanghai Analysis Instrument
Factory.

Hydrogen ion concentration pH was determined directly in a liguid sample using pH meter
model S-3(TC) from Shanghai Huxing Electronic Instrument Factory.

2.6 Experimental procedure and operation of the UBF reactor

Depending on the COD concentration, COD loading rate and the forms of the anaerobic sludge
in the reactor the process of the operation period can be divided into two stages: the start-up stage
and the steady state stage. The start-up stage was carried our in two phases over a period of 58
days, according to the same condition mentioned above and the time for using certain amount of
beer with the wastewater chicken manure as nutrient.

2.6.1 Phasel

This period covered 17 days, beginning with addition of anaerchic sludge and a mixture of the
wastewater chicken manure with certain amount of beer as nutrient, the COD concentration was
500 mg/L and ended with the volumetric COD loading rate up to 4 kg/(m®.d) and COD concen-
tration 1567.74 mg/L. In this period, the granular anaerobic sludge began to appear and was
washed out and the reactor color changed to dark. The aim of this period is to adapt the sludge for
new environmental and operation condition and reactor design. These were accomplished through
17 days as follows:

The reactor fed with liquid of 300 mg/L COD by average [low rate ( Q) equal to 8. 9L/day
and hydraulic retention time ( HRT) ranged between 16.3—8.35 h. The duration of this step was
3 days.

The COD concentration was increased to 1178.6 mg/L. The flow rate (Q) also increased by
average 11.18 L/day, while the hydraulic retention time (HRT) decreased by average 8.65 h. On
the other hand, the duration time during the second step was 6 days.

During the third step, the COD concentration of influent {eed material increased to 1392.7
mg/L by duration period 6 days. The average of hydraulic retention time { HRT } and flow rate
{Q) were 10.49 h and 9.15L/day, respectively.

The last step of phase [ stabilized after two days, while the concentration of COD feed materi-
al was 1567.74 mg/L. The hydraulic retention time HRT was decreased by 9.37 h on average,
while the flow rate increased by 10.25 L/day on average.

2.6.2 Phase II

This period was covered 41 days, beginning at the point where phase I stopped, and use
wastewater chicken manure only, the influent began with COD concentration 2508. 5Smg/L and
LR 6.7Tlkg/{m’ d). This phase ended with COD concentration 16522.70 and volumetric COD
loading ratc 18.17 kg/(m®. d). In this time, the granular anaerchic sludge formed very fast and
COD removal efficiency ended at 87.79% . The aim of this period is to adapt the sludge for a quan-
titative shock loading involving a change in the COD concentration rather than a change in the type

of compounds. The start up stage phase I process was done in 7 steps as follows:
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On average, the influent COD concentration was 2481. 68 mg/L, Q was 10. 03L/day and
HRT was 9.57 h during the 7 days.

Increasing the concentration of COD-in to 3294.31 mg/L. and HRT 10.46 h while Q was de-
creased to 9. 18 L/during fermentation period equal to 4 days.

COD-in and HRT were increased to 4477 .46mg/L. and 11.15 h respectively while Q@ was de-
creased to 8.61 L/day through the 7 days.

The average concentration of COD-in and HRT increased to 6723.87 mg/L and 14.77 h re-
spectively, while @ was decreased to 6.5 L/day during 3 days.

The COD-in was increased to 8563 .48 mg/L and HRT was also increased to 17.74 h during
5 days, while @ was decreased to 5.4 L./day.

During this stage the COD-in was rapidly increased to 14899. 76 mg/L by HRT equal to
21.52 h, while Q was rapidly decreased to 4.46 L/day (hrough 8 days.

The continuation of flow rate was decreased to 3.89 L/day in 6 days. The HRT was in-
creased to 24.68 h and the COD concentration of effluent was increased to 16823.97 mg/L.

The steady state stage period of UBF reactor started after 58 days from the beginning of the
start-up stage phase I. The duration period for steady state was 19 days. This process was done in
4 steps as follows:

Both @ and HRT were recorded as 4. 651/ day and 20.64 h respectively. On the other hand,
the COD-in concentration was increased to 19678.27 mg/L on average during 3 days.

The duration period was 9 days and the recorded final increase of COD-in was 21391. 97
mg/L. While the other parameters Q and HRT were 4.59 L/day and 20.92 h respectively.

The concentration of COD-in was gradually decreased to 21089. 91 mg/L through operation
period equal to 3 days. While HRT decreased to 13. 17 h and Q was rapidly increased to 7.0
L/ day.

The average loading rate equal to 38.03 kg COD/(m*.d) and Q egual to 7.30 L/day, while
the average of COD concentration of the influent raw material was 20715.08 mg/L, and the aver-
age of hydraulic retention time “HRT" was 13.15 h during 4 days.

The UBF reactor performance was routinely assessed by daily determination of removal efficiency
of COD in mg/L hydraulic retention time “HRT” in hours, loading rate in kg COD/{m’.d),

pH value and biogas yield. The menthane content of biogas production was periodically tested.

3 Results and discussion

3.1 Removal efficiency during the start up
3.1.1 Removal efficiency during the start up phase I

The relationship betwcen the concentration of feeding material calculated as COD and removal
efficiency of the UBF reactor are illustrated in Fig. 3 and Fig. 5. It should be noted that, when the
strength of feeding material is increased from 500 to 1567.74 mg COD/L, the removal efficiency
decreased from 89.94% to 72.37% . On the other hand the flow rate @ increased from 5.90L/day
to 12 L/day and the HRT decreased from 16.27 h to 8.00 h.



154 Ghanemn 1. 1. Ibrahim et al . Vol.9

The start up stage phase I could be divided into two periods depending on the concentration of
COD feed. The first period was 9 days and the COD feed concentration ranged between 500—
1178.60mg/L and COD removal efficiency ranged between 70% —89. 94% by average equal to
76.35%, while the LR ranged between 0.740-3. 390kg/(m?-d). On the other hand, @ in-
creased from 5. 90 L/day to 12. 0L/day, the average of Q, COD-in, LR, HQT were 10, 42
L/day, 952.4 mg/L, 2.57kgCOD/{m>-d), 9.6h respectively. The decreasing removal efficiency
may be due to the limitation of contact time between substrate and anaerobic sludge which was used
in this stage. This result agrees with Van den Berg et al. {Van den Berg, 1985). They found
that, substrate removal efficiency decreased with increasing organic loading rate and hence de-
creased HRT . While Gorur(Gorur, 1986) noticed that, soluble COD removal efficiencies on aver-
age 87%—96% of UASB and UBF reactor during waste water treatment.
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Fig. 4 The relationship between COD influent concentration of waste water chick-

en manure and COD removal efficiency during the start up phase 11

The second period was 8 days starting from the 10th day when the COD feed increased to
1392.7 mg/L and 1567.74 at the end of the period. At the same time the removal efficiency de-
creased from 75.01% to 72.37%, with average 75.13% while LR had values between 4.12 and
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2.26 kg COD/(m’-d). Furthermore, the HRT increascd from 8.73 to 14.8 h and Q loaded be-
tween 6.5 and 11.00L/day, the average of Q, COD-in, LR, HRT were 9.53 L/day, 1436. 46
mg/L, 3.43 kgCOD/(m*.d), 10.54h, respectively. During this stage the COD removal efficiency
decreased from 77.09% to 72.37% . The result average of operation period phase I calculated in

Table 2.

Table 2 Results uverage of operntion period of UBF reactor

Start up stage
Steady state stage

Content
Phase | Phase I1
Q. L/day 10 . 6.75 5.50
Operation time, day 17 41 19
CODe. Inf., mg/L 1180.19 8825.52 20930.72
Eff, mg/L 287.87 1266.89 4172.95
Remove
rate, % 76.85 82,47 B0.03
HRT, day 10.04 16.45 18.73
Volume loading rate,
kg CODY/ (m*-d) 2.97 11.69 28.85
pH Influent 6.65 7.11 7.35
Efftuent 7.55 8.10 8.27
Biogas producticn, L/ day 1.63 15.42 39.34
Biogas production rate
m?/kg COD 173.93 395.30 437.34
v/ (v.day) 0.392 3.86 9.83

The suitable start up stage depends on tany environmental and operaticn factor, such as :
type of digester, concentration of feeditg material, loading rate “LR”, flow rate “Q”, hydraulic

retention time “HRT”, component of raw material and anaerobic sludge. The aim of phase | peri-
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od was to adapt the anaerobic sludge to the new environmental and operation factors that had been
used addition in reactor design.
3.1.2 Removal efficiency during start up stage phase II

The removal efficiency of COD during the start up stage phase II of UBF reactor are illustrated
in Fig. 4 and Fig. 5 also in Table 2. It should be noted that the efficiency had average value 82.
47% and two peaks 91.65% and 93.83% at a period equal to 37 and 49 days respectively. The
concentration of COD-in during the two peaks were 6798.70 and 15747. 75mg/ L respectively. At
the same points loading rate “LR” were 11.05 and 21.65 kg/{(m>-d), while the flow rate “Q”
were 6.50 and 5.50 L/day respectively.

The average of COD-in concentration during the star up operation period was 8825.52 mg/L,
while the average of LR, Q and HRT were 11.69 kg/(m>-d), 6.75L/day and 16.45 h respec-
tively. Van den Berg{Van den Berg, 1983) reported that, the rate of start up in advanced anaero-
Lic reactor depended on the type of inoculum, kind of wastewater and the support material used.
He observed that, the sewage digester sludge generally required longer time to adapt than effluent
from active digester fed by food processing waste.

During the present study the operation period for start up of the UBF reactor was 58 days and
wastewater for chicken manure was suitable to start up the reactor and no toxicity could be found.

The aim of phase Il was to adapt these sludge for a quantitative shock loading and the change
in'the types of compounds.

3.2 Removal efficiency during steady state stage
The steady state performance of UBF reactor started when the concentration of COD increased

to 19678. 27 mg/L while COD removal efficiency fluctuated between 76.55% and 84.36% with
average 80.03% . But the average of LR was 28.85kg/(m®-d) while HRT was 18.73 h on ave-
rage during this operation period. The removal efficiency of COD during this stage of UBF reactor
is iliustrated in Fig. 6. The COD concentration reached 21971.2 mg/L with daily biogas produc-
tion 57.80L/d with average of this stage for COD concentration 20930. 72mg/L. The aim of this

stage is to teach COD in concentration around 21000 mg/L, where COD concentration of waste
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water poultry manure (liquid phase) was 21500 mg/L, the parameters average of this stage are il-
lustrated in Table 2.
3.3 Loading rate "LR” and hydrauvlic retention time “ HRT” during operation of the UBF reac-
tor

The relationship between LR and HRT are presented in Fig.7. Once the LR increased from
0.74 t0 2.26 kg/{m’+d) during the first thirteen days of operation period the “ HRT” reached its
maximum value twice, once at the first day and other after 12 days. The HRT was rapidly de-
creasing LR up to the end of start up stage phase I. During the start up period the LR increased
from 4.99 to reach 21.65 kg COD/(m?-d), which cqual to 4.34 times the value at the first feed-
ing period. The HRT showed a high rate during the period from 29 to 57 days. But for steady
state stage the LR increased from 19.68 to 43.94 kgCOD/ {m®-d) which equal to 2.23 times the
value at the first feed of this stage. The results showed that the UBF reactor had four peaks during
the operation period. The highest peak was at 57th day when the LR and HRT were 14. (40 kg/
(m’-d) and 28.24 h respectively. After 57 days, the hydraulic retention time " HRT” decreased
with the increases of loading rate “LR”. The value of HRT was 11.29 h and LR was 42.17 kg/
{m®+d} a1 the end of the experiment. The resuit average listed in Table 2. These results are agreed
with Van den Berg er al . {Van den Berg, 1985) observed the same phenomena in his experiment

with brewery wastewater in a UBF reactor.
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Fig. 7 The relaionship between hydraulic retention time ( HRT) and loading rate

(LR) during the operation period of UBF reactor

3.4 Biogas production rate

The daily production of biogas throughout the anaerobic digestion process of the URF reactor
are illustrated in Fig. 8. And result average calculated in Table 2, the suspended volatile solids pro-
duced biogas with a fluctuation rate during the [ermentation period, whereas, the gas generation
increased from 0.32 to reach 3,48 L/day by an average of 1.63 L/day per 4.0 L active fermenta-
tion reactor volume during the start up stage phase I, but the start up stage phase II, the average
of biogas production was 15.42 L/d per 4 L.

The early evaluation of biogas, that occured was attributed certainly to the enriching inocula-
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Fig.8 Daily biogas production during fermentation of waste water chicken manure in

UBF reactor

tion with partially activated sludge. Such starter provided the material undergoing fermentation
with active bacteria agents and their energy and nutritional requirements at the initiation of the di-
gestion process. Furthermore, exposure of the Iresh cattle dung and sewage sludge to fermenta-
tion, improves its quality as inoculum starter.

During steady state stage operation pericds, the rate of biogas production was smoothly in-
creased up to 54.88 L-day per 4.0 fermentation volume, while the COD remcval efficiency de-
creased. The average of daily biogas production during the steady state operation period was 39. 34
L/day. These phenomena could be attributed to adaptable microbial in the reactor and bioconver-
sion of the small particles of suspended materials. In this connection, Van de Berg { Van den Berg,
1977) explained that, the highest biogas production, however, since certain methanogenic bacteria
have doubling effect. These gave a high efficiency of bioconversion of organic materials and also in-
creases biogas production rate.

The cumnulative production of biogas are presented in Fig. 9. During the vperation period of
the UBF reactor for 77 days. The periodical measurements of methane content of biogas mixture
showed 60.80%—65.30% CH, while the test ratic was for the other gases, i.e. C0,, H;S, and
H,, the highly cumulative gas are attributed tc the type of the feeding material as well as to the
abundance of mathanogenic bacteria. This result agrees with the results obtained by Hobson and
Show(Hobson, 1973), Badjer et al. (Badjer, 1979} and Alaa El-Din et al. {Alaa, 1984), they
reported that composition of the biogas produced by a properly function anaerobic digester should be
about 60 %—70% CH, and 30% —40% CQ,, with small amount of other gases(H,S, H,, NHa,
and oxides of N,). The compesition of the biogas is a function of the feed materials.

3.5 Effticiency of biogas production

The average of biogas production efficiency of the UBF reactor to COD consumed was calculat-
ed and listed in Table 2. The efficiency of bioconversion of COD consumed to biogas varied accord-
ing 1o the rate of COD removal efficiencies and the stage of the digester operation.

The rate of biogas production during the start up stage phase I ranged between 98. 96 to
299.41 L/kg COD consumed by average of 173.93 L/kg COD consumed on average 395.30 L/kg
COD, and the rates recorded were high throughout the start up stage phase 11 of operation period,
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the biogas production rate ranged between 200—545. 67 L/kg COD consumed by average ol
395.30 m®/kg COD. On the other hand these rates recorded also throughout the steady state, the
hiogas production rate ranged between 328.47—553. 52 L/kg COD consumed on average 437.
341/ kg COD. The efficiency of the UBF reactor was also calculated in relation to the volume of di-
gested material by evaluating the volume of biogas produced per volume of digestion material per
day throughout the fermentation periods as well as at maximum production times, i.e. the biogas
production rate L/day based on reactor volume. It could be noticed that the production efficiencies
ranging between 0.08—0.87 v/(v. day) could be achieved during the start up stage phase 1 by av-
erage of 0.392 v/(v. day). While the range of efficiencies were (0.91—7.00 v/(v. day) at start
up stage phase II by average 3.86v/(v.day) and increased to 14.45v/(v.day) at the steady state
operation period by average of 9.83 v/(v.day}. This indicates that the reactor is more efficient
during the steady state stage. Many investigators evaluated the rate of biogas production for differ-
ence models of biogas digesters, among them, Alaz El-Din(Alaa, 1984) reported that, the v/(v.
day) for both Indian and Chinese type biogas digesters in winter was 0.05—1.0 v/(v.day), how-
ever in summer higher values were achieved. Chinese scientists declared that their units in the field
can produce as high as 0.3 v/(v. day) under continuous fermentation. Singh(Singh, 1972), and
Indian and Acharya{Acharya, 1963} produces biogas also up t0 0.4 v/{v.day) from their biogas di-
gesters. On the other hand, other investigators used poultry manure with their models of biogas di-
gesters, they found that the rate of biogas production were 0.3 v/(v.day) (Jantrani, 1985); 0.8
v/ (v.day){Safly, 1985); 4.0 v/(v.day) (Steinsberger, 1987); and 4.5 v/{v. day} (Huang,
1982). '

3.6 Hydrogen ion concentration{pH)

The average of hydrogen ion concentration {pH) in influent and effluent wastewater are pre-
sented in Table 2. The pH values renged between 5.9-—8.26 of {resh material, while in the digest-
ed material the pH value ranged between 7. 07—8. 6. The depression shown at the influent
wastewater ( pH) was attributed to the adaptation of microorganisms, organic acids and CO,

formed from the organic material. When the mathanogenic bacteria is developed and thus consumed
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the organic acids produces the biogas which show high production rate at the steady state operation
stage. McCarty{McCarty, 1964) showed that, the pH of liquid undergoing anaercbic treatment is
related to several different acid-base chemical equilibrium. However, at the near neutral pH of in-
terest for anaerobic treatment between 6—8. Stianer et al. {Stianer, 1964) reported that, most
bacteria are relatively insensitive to external concentration of hydrogen or hydroxyl ions. Many
species can grow well at any pH value between 6.0 and 9.0. Barker{Barker, 1956} concluded that
the pH range 6.4—7.2 was most effective for merhane production and below pH 6.0 and above
8.0 production decline rapidly.
3.7 Granulation process and characteristics
3.7.1 Start up stage
3.7.1.1 Phasel

During this phase the form of new sludge dispersed with growth of poorly settleable filamen-
tous organism. However, towards the end of this phase the washout of biomass cccurs. The inter-
face between blanket and bed was clear.
3.7.1.2 Phase 1

As a pace load increase, distinet washout of biomass cccurs due to excessive bed expansion and
presence of flocculant sludge. However, towards the end of this phase, formation for granules take
place, and decrease in washout rate, the interface between the blanket and bed is dry clear.
3.7.2 Steady state stage

This phase at the point where the washout rate is less than the yield of newly developed sludge
pelletes and presence of the granular sludge. The interface between the blanket and bed was clear,

the blanket was distinctly dark.

4 Summary and conclusion

In this experiment carried out to study the possibility of producing a biogas from the poultry
manure by using UBF reactor. They results indicates that:

At start up stage phase I covering 17 days the anaercbic sludge was adapted to environmental
and operation conditions addition to reactor design and phase IT within 41 days had been adapted to
a quantitative shock load. Reaching COD concentration of 16522.70 mg/L, LR and removal rate
18.17 kg/(m®+day), 87.79% respectively at the end of this stage. The efficiency of covering
COD to a biogas was alsc studied. The efficiency which reached 93.83 % after 49 days from the be-
ginning of start up stage may be due to the activity of innoculum sludge, the guanlity of substrate
and/or the kind of UBF reactor.

After 17 days from the beginning of steady state stage, COD concentration reached 21971 .29
mg/L, loading rate 41.20 kg/{(m®* day) and biogas production rate to 14.45v/(v-day) with aver-
age of this stage for COD concentration 20930. 72 mg/L, COD removal rate 80.74% and biogas
production 9.83L/d. The aim of this stage is to reach COD-in around 21000 mg/L where COD
concentration of waste water poultry manure (liquid phase} was 21500 mg/L. The completion of
this stage took 19 days. These results were obtained because the granular sludge has high methane-
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organic activity, a good settleability, so the reactor could be operated in a stable state at high con-
centration of COD and high loading rate with high production rate of biogas.

Accordingly, the following recommendations could be considered:

(1) Poultry manure could be used as a substrate to produce a biogas as a clean non-traditional
energy; (2) studying the development of the UBF reactor to evaluate the parameters affecting the
environment factor such as using temperature less than 35T ; (3)studying the variables affecting
HRT to reduce it; (4)studying the possibility of using different types of anaerobic filters which
could be used to increase the reactor efficiency; (5)studying the effect of reactor to evaluate the
suitable reactor volume with maximum efficiency.
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