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Abstract: The research deals with anaerobic fermentation and creating the conditions for bacteria (Methanogens) to carry
out the process of hydration, acidification and production of methane gas. The study included the design of an anaerobic
reactor made of thick glass (12) mm, with dimensions (of 35 x 35 x 35) cm, with a thermal heater inside it and a temperature
set at (45) [, and then filled with Dairy wastewater. The Treatment period of the reactor reached two months, during which
water samples were taken (72hrc) for laboratory tests (pH, COD). The laboratory tests began on 1/1/2021 and ended on
1/3/2021. COD removal of 87.12% was achieved with a neutral pH at the beginning of the second month of treatment.
Biogas was obtained in this anaerobic reactor by fermentation and in the presence of bacteria (Methanogens), and its

amount during the treatment period was 1.6 m?.
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|
Introduction

Biological reactors are characterized by their high effi-
ciency and lower cost than physical, chemical and hybrid
(physical and chemical) reactors. They are more environ-
mentally friendly, Biological reactors are classified into
(anaerobic and aerobic), and our research was limited to
using anaerobic reactors to obtain biofuels and produce
energy. Anaerobic biological reactors occur in closed reac-
tors, without oxygen, and at a relatively high temperature
of 45 C°.

The anaerobic fermentation process occurs in the ab-
sence of oxygen by fermentative bacteria in several envi-
ronments where the oxygen concentration is non-existent
or very low. Biological, and one of its essential components
is methane?. The product of the anaerobic fermentation pro-
cess is methane gas, which is responsible for its formation
by bacteria (Methanogens) or which are called methane ge-
nerators; and this type of bacteria is obligatory anaerobic
produces vital methane gas by their metabolic processes,
and anaerobic fermentation processes stop when the ac-
tivity of bacteria (Methanogens) stops®. Among the most
important factors affecting the anaerobic fermentation pro-
cess, according to (4) are:(Temperature, pH, COD, BOD,
TDS, TSS, EC, HRT, SRT, Alkalinity, Nutrient concentration,
Toxic Substances Ratio). Biogas is characterized by color-
lessness, is lighter than air, and has an unpleasant odor
because it contains sulfur gas. The amount of methane gas
in it may reach (70%), and the rest of the components are
carbon dioxide and other gases in small quantities and vary
according to the analyzed microorganisms. The production
of Biogas depends on the mass of Organic solids and their
biological activity in anaerobic reactors®. Biogas is used in
many fields, such as its use in large reactors as fuel for
heaters, use in electricity generation, in internal combustion
engines, and powering air blowers®.

|
Materials and methods

Reactor design

During this research, a laboratory anaerobic reactor
with dimensions (35 x 35 x 35) cm and a thermal heater
set to 45 degrees Celsius was designed and implemented.
The laboratory reactor's architecture included thick glass,
which minimized heat loss to the surroundings around it
(10 mm). From the front of the reactor is an opening for
taking samples for laboratory analysis. From the bottom of
the reactor is a space for unloading and cleaning. The outlet
for the Biogas is located at the very top of the reactor and
is connected to a rubber tube with a manometer mounted
on a hand-crafted wooden board. In order to enhance the
anaerobic activities of the bacteria (Methanogens) required
for the fermentation process and the creation of Biogas, the
reactor contained a mixer that rotated at a speed of forty
revolutions per minute (rpm). Figure 1 presents a visual re-
presentation of the anaerobic reactor.

The reactor was equipped with an on and off switch for
the muffler and a second switch to turn on and off the con-
vector and connected it to the control panel and was equi-
pped with an electrical system to ensure continuity of ope-
ration; figure (1) shows the anaerobic reactor used in this
study. In this study, samples were taken from the liquid dairy
industry, especially the cheese industry, because it contains
a high organic load and a high relative temperature, and the
fermentation process occurs without the need for activated
sludge. Thus it is a suitable medium for bacteria (Methano-
gens) to carry out their anaerobic activities, knowing that
the liquid wastes for the dairy industry were taken from the
National Dairy Factory. The total capacity of the anaerobic
reactor was (42.875 liters). In comparison, the operating ca-
pacity was (20 liters) to collect Biogas and ensure smooth
circulation of the mixture during the operational period.
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Figure 1. Anaerobic Reactor (By athours).

Figure 2. Anaerobic reactor
-

Results

The qualitative characteristics of liquid waste

Before starting the treatment process and biogas pro-
duction, the values of chemical and physical laboratory
tests were relatively high. They had a high organic load,

and Table (1) shows the results of laboratory tests before
starting the treatment process and after treatment.

Chemical Oxygen Demand (COD)

The nature of the liquid wastes for the dairy industry is
of high organic load and high temperature. Therefore, or-
ganisms and bacteria will consume oxygen, which leads to
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Table 2. Shows the results of the test readings (COD) and
the (pH).

a high value of (CODY'. In the first days of anaerobic treat-
ment, there was no removal of the chemical oxygen requi-
rement, as this period is considered the stage of acclima-
tization and adaptation for microorganisms and anaerobic
bacteria®, And then there was a removal of (COD) in the
anaerobic reactor and the removal continued to increase,
and this is due to the appropriate conditions and sufficient

After Treatment | Before Treatment Unit Test
10070 78200 mg/l COD Table 1. Charac-
6200 9560 mg/l Alkalinity lt;rlijsigcswoafstt;‘: v
7.4 2.80 —_— pH the manufacture of
3310 5240 uS/em EC afor reatmont com-
2090 2795 mg/l TDS pletion.
1470 3540 mg/l TSS
CcOD Date

pH (mg/)

2.8 78200 2021/1/1

291 77150 2021/1/3

3.04 64060 202.1/ .1/ 6 Value Date

3.22 49370 20.21./1/9 0 2021/1/15

338 | 35160 | 2021/1/12 53 YU

351 | 26410 | 2021/1/15 S5 202U/

3.76 24980 202.1/.1/1.8 73 2001/1/24

395 | 23740 | 20211721 103 031127

427 | 22850 | 2021/124 e 20211730

456 | 21430 | 2021/127 122 2021/2/2

4.81 20970 2021{1/30 21.9 2021/2/5

5.23 19250 202.1/2/2 255 2001/2/8

5.83 18550 2021/2/5 20 4 2021/2/11

6.28 17470 2021/2/3 337 2021/2/14

6.54 | 16930 | 2021211 0.6 2021217

6.83 | 15340 | 20212714 ey 2021/2/20

7.Q2 14790 | 202 .1/2/1 7 473 2021/2/23

7.19 13320 202 .1/2/20 50.8 2021/2/26

730 | 12510 | 2021/2/23 523 2021/3/1

7.37 11240 202 1/2/26 Table 3. Manometer readings in centimeters for biogas pro-

7 4 10070 2021 /3/1 duction in the anaerobic reactor.

time for the anaerobic bacteria to analyze and dismantle the
substances and compounds present in the excreted water
and turn them into acids and intermediate compounds, and
then the methane-producing bacteria convert the acids and
products of the compounds intermediate to methane*. Af-
ter the completion of the treatment process, which reached
two months, we obtained a good removal of (COD) with a
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percentage of (87.12%), as well as the value of (COD) after
treatment (10070 mg/L). The value of the(COD) began to be
relatively stable at the beginning of the third week of treat-
ment, coinciding with the beginning of the fermentation pro-
cess. The color of the liquid excretions turned brown, and
there was a slight rise in the manometer scale as shown in
Table (2), and figure (3) shows the process of fermentation
and transformation to brown.

Acidity (pH)

The value of the acidity of the liquid wastes of the Na-
tional Dairy Factory was low. Its value before treatment was
(2.8), and this is due to the use of detergents (nitric acid
and soda), in addition to the increase in acidity due to the
breakdown of dairy lactose and its transformation into lac-
tic acid®'°. The value of the acidity after the completion of
digestion reached neutral, and this is due to the phase of
methane gas formation, which causes a reduction of the
concentration of organic acids. Therefore, the acidity (pH)
value rises, as indicated by (11), and Table (2) shows the
importance of the acidity function during digestion.

Biogas production

Biogas is one of the most important products of the
anaerobic digestion process carried out by bacteria and
microorganisms, the most important of which are bacteria
(Methanogens), which are controlled in closed anaerobic
reactors. Biological gases consist of methane at a rate of
(50-70%), carbon dioxide and other gases at a rate of (20-
40%), and other gases are in small quantities, namely (hy-
drogen, nitrogen, hydrogen sulfide, carbon monoxide, am-
monia, and others®.Biogas was obtained in the anaerobic
reactor from the anaerobic digestion process, and the color
of the liquid wastes was clear from white to dark brown, and
Table (3) shows the manometer readings for biogas produc-
tion during the operational period of the anaerobic reactor.

The total amount of Biogas produced by the reactor du-
ring the operational period was (401.7 cm), which is equal to
(1.6 m®). From the information obtained from (12), one cubic
meter of Biogas produces electrical energy of (1.25 kilowatt/
hour).The amount of electrical energy produced 2 kilowatt/
hours = 1.6 * 1.25. Also (12) indicates that the proportion
of methane gas constitutes 70% of the Biogas. Volume of
methane gas produced 1.6 x 0.7 = 1.12 m®.

|
Conclusions

It is possible to benefit by reusing industrial wastewater
that contains a high organic load and converting it into ener-
gy using anaerobic reactors, thus reducing the pollutants
presented to the environment. The increase in the value
of the acidity (pH) and it's reaching the neutralization va-
lue is evidence of the success of the performance of the
anaerobic reactor, Biogas, which can be used as fuel or
converted into electrical energy, was produced. Biogas pro-
duction reached (1.6 m?®), and electrical energy production
amounted to (2 kilowatts/hours). The results showed that
the anaerobic reactor has good efficiency and achieved a
COD removal of (87.12%). The treatment reactor achieved
a TDS removal rate of (25.22%). The percentage of TSS
removal in the anaerobic reactor during the operating period
was (58.47%).
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