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Abstract: Problem statement: Hydrogen is a clean energy source. Bio-conversibbiomass to
generate hydrogen has been achieved using anadeotmientation of some well-defined materials, in
wastewater. No data available on hydrogen yieldecthfwastewater using inoculum extracted from
Iragi municipal wastewater treatment plafspproach: This studyinvestigated the effects of substrate
concentration, initial pH and process temperaturdiohydrogen production from surgery wastewater
using anaerobic batch reactor. Batch tests aréedaaut in a 2.0 L batch reactor under different
temperatures of 34, 36, 38and 40°C, various initilof 4.5, 5.5 and 6.5 and substrate concentration
of 5, 10 and 15%. The raw seed was compost slubdtgned from municipal wastewater treatment
plant in Baghdad (Al-Restomia plant). The volumesublved gas was measured at room temperature
by the water displacement meth&ksults: The maximum hydrogen production 160 mLC lis
obtained at an optimum temperature of 38 °C, optinpH of 5.5 and substrate concentration 15%.
Conclusion: The results indicated that the use of compostldRéstomia plant as a seed in anaerobic
fermentation process has given excellent biogadymtion under applied conditions.
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INTRODUCTION photosynthetic processes involving organisms cedtur
under anaerobic light conditions (Hawketsal., 2007;
The use of fossil fuels leads to a serious threat Lee et al., 2009; Li et al., 2007); second, via
our environment. The combustion of fossil fuelngs  fermentation (Wangt al., 2003; Fangt al., 2002; Liu
about severe pollution and contributes to theandFang, 2003). Biological hydrogen production from
greenhouse effect. In recent years, a great deal difie fermentation of renewable substrates is one
attention is being paid to the utilization of bisgar  promising process. On the other hand, the standard
hydrogen as alternative and friendly fuel throughtbe  technology for industrial and municipal wastewater
world (Ronald, 1996; Zhangt al., 2007). treatment is the aerobic activated sludge process.
Compared with fossil fuels, biogas and hydrogenSewage sludge is the total solid material that ltesu
have the advantages of being renewable, providinffom sedimentation and bacterial activity and glowt
clean burning and producing no greenhouse gaseduring aerobic wastewater treatment (Thompetoal.,
There are several methods in industry available t@008; Reretal., 1997).
produce biogas and hydrogen from organic and Methanogenic anaerobic digestion of organic
inorganic molecules. Some of these methods includenaterial in wastewater has been performed for about
electrolysis, reformation of hydrocarbons andcentury and is advantageous over aerobic activdgslu
microbiological methods. Many of these methods forsystems because of its high organic removal rétes,
generating hydrogen are difficult to use on a lasgagle  energy-input requirement, energy production (i.e.,
because of the large amounts of energy required tmethane) and low sludge production. Waeyg al.
produce the gas (Lest al., 2004; 2009; Hawkest al., (2003) conducted the first systematic study on the
2007). production of hydrogen from wastewater sludge and
In general, hydrogen production by microorganismfound a rather high hydrogen yield from wastewater
falls into two main categories: First, by means ofsludge using a clostridium strain isolated from the
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sludge sample. Various bacteria have been found t®able 1: The composition of prepared nutrient stostlution
convert carbohydrates to hydrogen. However, most (mixture) that is dissolved in lliter of distillegater

of these studies have been carried out on purﬁamHegt vzv(()eci)ggct)(g)
cultures of isolated strains (Lest al., 2009; Renet KHZPQQ 100.00
al., 1997; Linet al., 2008; Leviret al., 2004). CaCh.2H,0 10.00
According to the explanation of Chang and LinMgSQ.7H.0 10.00
(2004) and Yangt al. (2006), the process of anaerobic NaC! 1.00
) d : , . NaM0O,.2H,0 1.00
digestion consists of three steps. The first step iy 5q, 7110 150
hydrolysis, whereby biomasses are broken down ifecy 0.25

organic compound to smaller usable-size molecules. -
The Second Step |S the ConverSIOn Of decompospmble 2: General SpeCIflcatlonS Ofprepared wadEwa
matter to organic acid material. During the acidoge ProPety 5% glucose _10% glucose _ 15% glucose

) . ; H 6.8 6.7 6.3

phas_e of an aerob_lcally_dlgestlng of sludge, hyelmg Ehemicaﬂ Oxygen 850 1400 1660

gas is produced. It is during the actual anaeraien a  Demand (COD) mgT*

gas principally composed of methane £Cihd carbon (TT%aS')D'SSﬂ‘{Ed Solid 340 300 250
. . . . . mg

dioxide CQ otherwise known as biogas, is produced.COnductivity scni) 490 420 340

The amount of gas produced varies with the amofint &
organic waste fed to the digester and temperature
influences the rate of decomposition (and gas
production). In the anaerobic digester, hydrogen
utilizing methanogenic bacteria are present and wil
consume the hydrogen that are produced during the
acidogenic stage. The methanogenic bacteria utitiee
hydrogen to create methane. Therefore, it is eisdeat
slow down or stop the production of methanogenic
bacteria in the anaerobic digester so that the dgedr

can be retained and extracted during the secopdo$te ofnutrient stock, then added to the 150 mL
the process (Hawkes al., 2007; Reret al., 1997). of wastewater

Therefore, the main purposes of this study are to: C j -
Anaerobic digester

« Provide a basic understanding of anaerobic

wastewater treatment process for wastewater witth19- 1: Preparation and pretreatment procedure  of
modify seed compost for the fermentation

» Study the effect of different operating parameters,
such as: concentration of organic matters,
temperatures and pH values on the biogas
generation via anaerobic fermentation process

Compost collected at
30 cm pile depth

Mixing

Drying at 80°C
for2h

Miller

30 gm of dry compost mixed with 0.5 mL|

MATERIALSAND METHODS

Various types of chemical compounds are used in
the present study: Glucose (99.9%), NaOH, HCI and
nutrient stock (Fluka AG). The composition of the
nutrient stock that was used in present studyasvaehn Fig. 2: General view of experimental unit
Table 1.

In the present study; the wastewater was prepared The raw seed was compost sludge obtained from
using tap water to produce distilled water throtgb  municipal wastewater treatment plant in Baghdad (Al
time distillation at 120°C for 3. The distilled veatwas  Restomia plant). Figure 1 summarizes the general
cooled and stored in plastic storage tank. Thrpesyf pretreatment procedure that was used for compost
solutions were prepared depending on glucos@efore the anaerobic fermentation process. For each
concentrations of 5, 10 and 15%. The generakxperiment 30 g of this compost was used as a seed
specifications of the solutions (wastewater) arewsh  (microorganism) for the anaerobic fermentation pasc
in Table 2. and treated with 0.5 mL of nutrient solution.
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In the present study, batch anaerobic experiments The compost sample was sterilized in a furnace.
were used. Figure 2 shows the general view offhe thermal pretreatment was selected as 80°C @nd 3
experimental unit, while Fig. 3 shows a schematicmin of treatment time. This type of the pretreattrien
diagram apparatus. The digester used in this sty important to be ensuring from killing all undesi@b
2 L spherical flask glass with three necks as shown bacteria (aerobic bacteria) (Waegal., 2003; Chang
Fig. 2. The digester was connected to a gas cifect @nd Lin, 2004). After sterilizing, the pretreated
system consisting of U-tube manometer. The volufne oSterilizéd compost sample was cooled to ambient
evolved gas was measured at room temperature by thgMPerature and treated with 0.5 ml of nutrientioh
water displacement method in the U-tube manomete"fmd then was used in experiments.

that had been filled with water of pH 3 or lesoider RESUL TS AND DISCUSSION
to prevent dissolution of the gas components. The
digester was placed over a magnetic plate stimer i The prepared wastewater samples were an

order to ensure adequate mixing during the proces@erobically digested in a closed reactor using ashp
The whole set of experiments was carried out utiier S€€d. The volume of biogas production was monitored
same stirring condition (same magnetic stirringdd ~ Under  different  pH  values, temperatures and
stirring speed). On the other hand, the temperaitre concentration of organic materials. Therefore, the
the digester center was determined and controigsyu  '€SUlts in the present study suggest that the titgesf

temperature control system which has calibratedvastewater produce HCH, CO, and other products

thermocouple sensor type T (Copper-constantan). Th%UCh as alcohols as shown in the following equation

fermentation process was carried out under diﬂerenWastewterCOmam _

operating temperatures of 34, 36, 38 and 40°C.pHhe OrganicMatters D(%?g@gﬁ?% Hydrogengas-

value of the mixture was controlled through the otherend 1)
addition of 3 M of NaOH or 3M of HCI to digester CH, +Co, +

before each run. Different pH values 4.5, 5.5 arfl 6 products

were _selected for ex_periments. Therefore, in order to increase the biogas and
Biogas pr(_)duct|0n was measured from the tOtahydrogen gas production, many parameters must be
volumes of biogas produced. Before each run thggdied to get the best operating conditions for

digester was aerated by nitrogen gas to remove thgnaerobic digestion process as follows.
dissolved oxygen in order to alter the aerobic géud

stabilization during the experiments. The experiten Effect of pH value on fermentation process:
were terminated when no significant gas productiorPifferent pH values ranging from 4.5-6.5 were used
was observed over a seven day period, where, tafier N the present study under batch operation mode.
a death zone (phase) present in growth curve. firfas The relatlpnsh|ps between thg biogas production and
phase is not important in process design studythen fermentation time under different values of pH
other hand, the Chemical Oxygen Demand (COD) Waénd glucose concentrations are shown in 4.

determined.
1804

160 - —+—pH=4.35

—a— pH=3.5

—s pH=65

140
120

Biogas production (mL L )

N I 201
m ’—le pH-meter 0
[ 1 2 3 4+ s s 7
Teggﬁﬁﬁme U Time (days)
svstent Heater and U-ube
magnetic stirrer manometet Fig. 4: Biogas production within 7 days of batch

anaerobic fermentation performed at 38°C and
Fig. 3: Schematic diagram of biogas productionesyst 5% Glucose at different pH values
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180 - Also, from Fig. 4-6 it is found that the pH valaé
~ 1601 —+-DH=45 5.5 gives the highest biogas production in all ghe
L —apH=55 concentrations of 5, 10and 15%. This indicates tiat
T 140 4 J— . e
=3 s pH=6.5 A applied pretreatment conditions were successfully
- 1204 /'/ generating a more active and selective bacteriahier
5 100 4 / hydrocarbons that are present in wastewater under
T 504 anaerobic conditions. The first zone (first 30 h}thos
§ 60 | curve represents the lag phase that is requirethdy
@ bacteria to culminate in the new environment. The
g 401 g second zone of these curves represents the growth
20 ' phase. It is important to mention here that thiagghis
0 ——— — named operating (or working) region in which betsave
1 5 3 4 5 6 - exponentially and it is important for design study
Time (days) such type of anaerobic process. Also, it was ntitad

as the concentration of glucose increases the bioga

. . ) L production increases too.
Fig. 5: Biogas production within 7 days of batch =t \yas noted that after 6-7 days of fermentation

an’;eterobic fermentation performed at 38°C andjme there was no further gas generation was detect
10% Glucose at different pH therefore, the death zone started after 7 dayss It
150 - important to mention here that the present study ha

- focused on the operating zone which lies betweén 2-
o 160 days. The highest biogas production was achieved at
z 140 15% glucose of about 160 mlat 5.5 of pH value.
z 1204 It is important to mention here that with pH vaue
Z lower than 5 or higher than 6, the methanogenasés r
2 100 - : .
5 decreases or stops according to explanations ofidcha
£ 804 and Lin (2004) and Yangt al. (2006). Consequently,
£ 60 in the present study it was concluded that theofigeH
2 40 4 value of 5.5 prevents hydrogen reduction and presiuc
0. dominant microbes for hydrogen production from
- wastewater.
1] 1l T t 1 T ' 1 1l | 1 4 )

- Effect of temperature on fermentation process:
Time (days) According to the explanation of Zhaegal. (2007) the
anaerobic fermentation process is greatly infludrog
Fig. 6: Biogas production within 7 days of batch many factors, such as pH, temperature, concentratio
anaerobic fermentation performed at 38°C andand nutritional requirements. Temperature is onthef
15% glucose at different pH (4.5, 5.5 and 6.5) important factors influencing the biogas production
process. Therefore, substrate degradation, H
From the accumulated biogas volume, it was notatl th production, product distribution and bacterial gtow
the type of microorganism that was used in thisare all affected by temperature. The pH value vegs k
investigation has worked successfully under anaerob constant at 5.5+0.2). Figure 7-9 show the effect of
condition. This indicates that the used composicis  digestion temperature on the biogas production Fater
in anaerobic microorganism (bacteria). Such type ofanges of temperatures were applied (34, 36, 38 and
bacteria plays an important role in hydrogen gast0°C). The results of Fig. 7-9 show that the best
production under anaerobic condition. This condnsi operating temperature for digester is 38°C whiabmgh
is in accord with the study of Levia al. (2004) and the highest biogas production. This conclusiondatds
Thompsonet al. (2008). Therefore, the present studythat the real growth and activity of the anaerobic
was focused on the pretreatment condition that wamicroorganism is related to suitable pH and tentpeza
applied to the compost seed in order to ensure thealues. The biogas production rates were 115, 183 a
growth of the desired bacteria which is responsibte 160 mL L™ for glucose concentrations of 5, 10and 15%
generating hydrogen gas and reducing methangespectively. This conclusion agrees with the
formation. investigation of Leet al. (2004) and Wangt al. (2003).
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200 7 It is important to mention here that the anaerobic

180 —m-T=34°C digestion is a complex biochemical reaction carried

160 1 7'7&355 out in the presence of special types of microorgrasi

140 4 M that require no oxygen to live. Clostridium is an
——T=40°C

important anaerobic hydrogen-producing micro-
organism. In the acidogenic phase of anaerobically
digesting organic wastes are usually produced of
hydrogen gas (Levigt al., 2004; Chang and Lin, 2004).

In general, the anaerobic digestion process can be
divided into three main steps (Hawkes al., 2007;
Ronald, 1996; Reat al., 1997):

—
[

100 1
80 A
60 1
40 A1
20 A

Biogas production (mL L ])

1 2 3 4 5 6 7 e Hydrolysis, during which the proteins, cellulose,
Time (days) lipids and other complex organics are broken down
into smaller molecules and become soluble by
Fig. 7: The effect of temperature variation on bisg utilizing water to split the chemical bonds of the
production at 5% of Glucose concentration and  gypstances
5.5 pH e Volatile acid fermentation, during which the

products of hydrolysis are converted into organic

2007 acids through the biochemical processes of acid

—

=2

(=
L

—m-T=3aC genesis (where monomers are converted to fatty
S I e acids) and cytogenesis (the fatty acids are
1407 converted to acetic acid, carbon dioxide and
12019 hydrogen)

e Methane formation, during which the organic acids
produced during the fermentation step are
converted to methane and carbon dioxide

Biogas production (mL L ly
-
=
=3

5 | CONCLUSION
0- L s s . s e The present study has focused on modifying the
© Time(days) ' anaerobic digestion process to produce biogas

(hydrogen gas) via the selection of the best painent

Fig. 8: The effect of temperature variation on bisg methods for seed and best operating conditiongHof p

production at 10% of Glucose and 5.5 pH value temperature and nutrient composition. The use of
compost in anaerobic fermentation process, hasngive

200 - excellent biogas production. In addition, this @es
shows a great potential for economical productiébn o

s iig | renewable gas fuel. The results show that the pteva
E 1404 of 5.5 is suitable for biogas production, when the
" highest conversion efficiency is achieved. The ltesu
2 120 indicate that the best operating temperature for al
£ 1097 concentrations of glucose was 38°C. This tempegatur
o 807 gives the highest biogas production.

£ 601
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