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ARTICLE INFO ABSTRACT

Managing and optimizing biogas yield need to survey quantitatively the effects of parameters on
anaerobic digestion. In this research, changes of pH and oxidation reduction potential (ORP) along
with temperature in biogas yield from cattle manure were investigated. The study was carried out by
using batch manure mixed 1150-ml anaerobic digester for a duration of 130 days in the mesophilic
range (37oC). Temperature change was also stimulated on the day 45 by decrement from 37 to 25 oC
for one day and then restored to previous condition. Results of biogas yield in different phases
showed that the hydrolysis and acetogenic phases occur within 13 days. Biogas production (76.7 %)
occurred within 32 days at pH=7.4 and ORP=-358 mV. The temperature change stopped biogas
yield for 29 days without affecting pH and ORP values and subsequently after that gas production
was restored. Results showed that changes in pH and ORP were compatible to each other and biogas
production. Also temperature change had no significant effect on pH and ORP but causes delay in
the gas production. The results could serve as preliminary criteria for different kinetic analyses and
operational guidelines and restoration of the reactors of anaerobic digestion of cattle manure.

INTRODUCTION
Anaerobic digestion is considered as a sustainable solution for
the valorization of the organic wastes [1]. Biogas production
through anaerobic digestion of cattle manure prevents polluting
the environment and produce renewable energy carriers [2].
There are many factors affecting the anaerobic digestion
processes [3], including hydraulic retention time (HRT), solid
retention time (SRT), organic loading rate (OLR) [4],
Oxidation-Reduction Potential (ORP), pH [5], temperature [6]
and nutrient availability [3] and etc.

pH is one of the factors that affect the production of gas.
The pH value of the slurry in the digester is an important
indicator of methane organic performance. Biogas is produced
if the pH is between 6.6 and 7.6. Gas production is highest
when the pH is between 7.0 and 7.2 .Beyond this pH limits,
digestion can proceed but with less efficiency [7]. pH should be
checked periodically during the fermentation. Fluctuation in the
pH can be accommodated through proper control of
temperature/ loading rate and adequate mixing [7].

ORP is an indicator of the capacity of the molecules in the
wastewater or sludge to release or gain electrons (oxidation or
reduction, respectively). Generally, at values greater than +50

mV, aerobic respiration may occur and from +50 to-50 mV,
anoxic respiration (denitrification). At values less than-100
mV, not only anaerobic respiration may occur but also we have
the production of mixed acids and alcohol fermentation and
sulfide removal [8-9]. Methane fermentation starts at values
less than-200mV. Usually, However, in a mixed culture of
fermenting organisms which exist in an anaerobic digester,
methane fermentation or the growth of methane-forming
bacteria does not occur until the ORP is less than-300mV. This
is due to the inability of the methane-forming bacteria to
successfully compete with other fermenting organisms at
values greater than-300mV [8].

Some scientists believe that temperature plays an important
role in this biological process and operation [10]. Methane-
forming bacteria are strict anaerobes and are extremely
sensitive to changes in temperature and pH. There are three
ranges of temperature considered in anaerobic digestion which
are psychrophilic (<25 _C), mesophilic (25–40 _C), and
thermophilic (>45 _C) [11].

Previous studies have investigated the effects of temperature
change on the anaerobic digestion process by focusing on the
comparison of the performance of reactors at fixed operating
temperatures [12-14]. Temperature fluctuations effects, on
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efficiency of anaerobic digestion at certain temperature ranges
has been investigated. A short time decrement of temperature
(between 10 and 20 _C) of psychrophilic anaerobic reactors
with swine manure only have had temporary effects on the
performance and stability of the process [15].

The effects of temperature on the biogas yields have been
investigated by different researchers [16]. Also the effects of
temperature shocks on the biogas yields in anaerobic digestion
have been studied in different temperature zones [17-19].
Temperature decreases and increases have affected the
performance of the bacteria [20]. The fluctuations of
temperature on biogas production have been surveyed and
results showed that the effect of daily upward of temperature is
more than daily downward and it caused more methanogenesis
activity [11]. A research showed that one-step temperature
increase (from 37 to 55 _C) is better than step-wise increase of
temperature from mesophilic to thermophilic operations in
anaerobic digestion [21].

To our knowledge, the effect of temperature change on the
changes of pH and ORP has not been yet investigated. Some
causes of temperature variations can be controlled (operational
conditions) or predicted (environmental conditions in a region)
so that the system can be adjusted to accommodate to the new
conditions, whereas sudden transient changes can lead to
deterioration of the reactor’s performance [22, 23].

Furthermore, the purpose of this study was to investigate the
changes of pH and ORP through biogas production and the
compatibility of their changes together. Also the effect of
temperature change on biogas yield trend and its special related
parameters like pH and ORP was investigated. The result of
this study can be used in the operating biogas reactor by setting
the time and other parameters and recovering the reactor after a
temperature change.

METHODS
Experimental set-up

The lab-scale reactor (1150 mL) was used in this study. The
system was equipped with a warm water bath at a temperature
of 37+ 0.5^C.

Fresh cattle manure was used as substrate for every single
experiment. This substrate was set to contain total solid of 8 %
[24]. Volatile solid was measured to be 85 % of total solid by
the method of 2540 E of Standards Methods for the
Examination of Water and Wastewater [24].

During the operation of the reactor, no sludge was discharged
except for sludge sampling. This test was set for approximately
130 days.

Temperature variations

The operating temperature was provided and controlled by
warm water bath. The main temperature was set in the
mesophilic range at a temperature of 37+ 0.5^C. In phase 1, the
reactor was initially started and after 45 days the temperature
changes were simulated by decreasing suddenly from 37 to 25
^C which lasted for a day. It was adjusted back to the normal
operating temperature quickly (within 1 h) right after the
change time. This change was done to investigate the effect of

temperature change on changes of biogas production, pH and
ORP.

Analytical methods

In order to measure the volume of the biogas production a
volumetric gas meter model (Behin Ab G8) was used.
It gathers produced bobbles in special container and
subsequently it is discharged into a bag. According to the
number of emptied container one can measure the time and
volume of the produced biogas. It was possible to measure the
volume of produced gas on daily basis. In the test the volume
of gas was gained in each day. Oxidation Reduction Potential
(ORP) and pH of the samples were measured by a portable
multi test device (AZ 86505) on a weekly basis.

RESULTS AND DISCUSSION
Biogas production trend

Throughout the 130 days of operation, the biogas production
and flux and gas yield rate were measured. Figure 1 shows the
trend of biogas production. This figure states that there are
some bacterial activity rest which causes risings and fallings in
the curve. On the base of these risings and fallings each
determined continued rising and falling was considered as a
phase. Thus, six operational phases could be distinguished.
Phases first to sixth occurred between the days 0-9, 10-13, 14-
45, 46-73, 74-102 and 103-130 respectively. Table 1 shows the
biogas production in different phases.

In the phase 1, there was a rising until the day 4 and falling
until the day 9. The maximum volume of biogas is 176 mL in
the day 4 that equals to 4.77 % of total gas production.
The duration of phase 2 is about 4 days. Less than 0.06 % of
the biogas is produced in this phase and the maximum of the
volume is 8 mL. Phase 3 is the most important phase of the
process that produce about 76.7 % of biogas. The maximum
volume of biogas (1104 mL) is also produced in this phase and
the phase lasts for 32 days.

It should be pointed that temperature change occurred on day
41. Right after the temperature change a falling is happened
and for 28 days there was not any gas production (phase 4).
During the Phase 5 that lasted for about 29 days, the biogas
production equals to about 16.4%. It seems that after the
temperature change the system needs 28 days for recovery and
then continues to again produce gas.

Figure 1 Trend of biogas production
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In phase 6, the least production of gas has happened. More than
97.87 % of the gas has been produced in phases 1, 3 and 5 in
70 days.

pH changes

As showed in the figure 2, in phase 1, there is a severe
reduction in the pH, so the substrate in the reactor could be
considered as acidic one specially at the minimum temperature
of 6.1. Though in phase 2 a gradual rising in pH is notce but
still it is within acidic range. It was mentioned earlier that for
the production of biogas, the pH value should be set over 7.
In the phase 3 again pH rises over 7 that means the conditions
are suitable for production of biogas. From day 14 till end of
the reactor working period, pH remained between 7- 8.
Therefore, one may conclude that the temperature changes does
not affect pH values.

ORP changes

Figure 3 and table 3 show the changes of ORP during the
process in the substrate. The ORP in the fresh manure is -320
mV and after that it is constant in phase 1. There is a sudden
decrease in the early of phase 2 that increase the ORP values to
over -435 mV. After that the parameter has no determined
trend until early of phase 6. It shows that phases 3 to 5 have the
condition to produce biogas. In the phase 6 the ORP increase to
normal condition which means that temperature change has no
effect on the ORP and it remains between -318 to-435

Table 4 presents a summary of the results of biogas production,
pH and ORP changes in different phases. As it is showed in the
phases 1 and 2 pH is less than 7 and both of them are in acidic
phase. Also ORP in these phases are -320, -322 respectively
and it is not a suitable condition for biogas production.

It can be inferred that the gas produced in the phase 1 and 2 is
the form of soluble form. So, the phase 1 is compatible with
hydrolysis phase and phase 2 is compatible with acidogene and
acetogene phases.

In the phases 3-5, pH is more than 7 and the mean of ORP is -
358, -324, and -321 respectively. This condition is suitable for
production of biogas. About 95 % of the biogas is produced in
this phase. This phase is compatible with methanogene phase.
In phase 6, pH is 7.3 and the mean of ORP is -167. This
condition is not suitable with any form of the biogas
production.

Temperature change in the day 45 did not change the pH and
ORP but causes a delay in production of the biogas. This might
be indicative of shock over methanogene bacteria that
eventually can recover within a period of 29 days.

CONCLUSIONS
On the base of changes in biogas yield, pH and ORP, it can be
concluded that phase 1 is compatible with hydrolysis phase
which lasts for 9 days and phase 2 is compatible with
acetogene phase which lasts for 4 days. Also phases 3 to 5 is
compatible with methanogene phase. 95 % of the biogas is
produced in these phases in 89 days and 93.1 % of biogas is
produced in 61 days in phases 3 and 5.

Figure2 Trend of pH changes

Table2 pH changes in different phases

No. Phase No. Day Time (d) Max. Min. average
1 1 1-9 9 7 6.1 6.3
2 2 10-13 4 6.7 6.1 6.4
3 3 14-45 32 7.5 7.0 7.4
4 4 46-73 28 7.7 7.2 7.4
5 5 74-102 29 7.8 7.5 7.6
6 6 103-130 28 7.6 7.2 7.3

Table1 Biogas production in different phases

No. Phase No. Day Time (d) Volume (mL) Min.(mL) Max. (mL) Average (mL/d) Ratio (%)
1 1 1-9 9 680 8 176 75.56 4.77
2 2 10-13 4 8 0 8 2 0.06
3 3 14-45 32 10960 24 1104 342.5 76.7
4 4 46-73 28 272 0 64 9.71 1.9
5 5 74-102 29 2352 0 192 81.1 16.4
6 6 103-130 28 24 0 16 0.85 0.17

total 1-130 130 14296 0 1104 109.97 100

Figure 3 Trend of ORP changes (mV)

Table 3 ORP changes in different phases (mV)

No. Phase No. Day Time (d) Max. Min. average
1 1 1-9 9 -320 -320 -320
2 2 10-13 4 -320 -324 -322
3 3 14-45 32 -320 -435 -358
4 4 46-73 28 -275 -383 -324
5 5 74-102 29 -318 -324 -321
6 6 103-130 28 -89.8 -303 -167

Table 4 Summary of the results of biogas production, pH
and ORP changes in different phases

No. Phase No. Day Time (d) Ratio of biogas
production (%)

Average of
pH

Average of
ORP (mV)

1 1 1-9 9 4.77 6.3 -320
2 2 10-13 4 0.06 6.4 -322
3 3 14-45 32 76.7 7.4 -358
4 4 46-73 28 1.9 7.4 -324
5 5 74-102 29 16.4 7.6 -321
6 6 103-130 28 0.17 7.3 -167
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The temperature of the reactor has an influence on the biogas
production. In the mesophilic temperature range, temperature
change led to a reduction in the biogas production rate, and
recovered for 28 days. Once recovered, the process continued
until the end of biogas production. Temperature change has no
significant influence on pH and ORP ranges and both of them
have no changes related to previous and next phases compared
to that of the standard ranges. However these results indicate
that although methanogens are quite sensitive to temperature
change (sudden change in temperature and quick restoration) it
causes delay in production of biogas without any changes in
other parameters which related to rehabilitation of mesophilic
bacteria.
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