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Abstract: A laboratory scale anaerobic digester unit was setup and applied for biogas production from cow dung. Anaerobic
digestion was conducted at 35°C and observed for a retention period of fifty days. The ambient and slurry temperatures, pH of
slurry and amount of biogas produced were measured on a four-day interval basis. The experimental data obtained were used
for kinetic studies by fitting the data to known kinetic models such as Linear, Exponential, Gaussian, Logistics and Modified
Gompertz. The constants in these models were determined by linear regression using the Matlab curve fitting tool box. A
reactor model for the bioreactor was also developed. The experimental results showed biogas production occurred within the
mesophilic temperature range (28°C — 29°C - 36°C), measured pH values were 6.9 — 7 — 6.1 for fifty days’ production
(retention) period. The volume of biogas produced was 27.7 ml/g, maximum production rate of biogas is 5.1 ml/g/day and the
minimum time required for biogas production (the lag phase) was three days. The kinetic evaluation of the production data
showed that the coefficient of determination (R?) were as follows, linear model: 0.9673 and 0.7808, exponential model: 0.9742
and 0.779 for the ascending and descending climbs respectively, Gaussian model: 0.9132, Logistic Growth model: 0.9979 and
Modified Gompertz model: 0.999 with the logistic model gave the kinetic constant of 2.564. Thus, the Modified Gompertz
model yielded high accuracy result. In addition, the reactor model developed solved with the Modified Gompertz kinetic model
predicted the biogas production process accurately with cumulative biogas production of 28.13 ml/g compared to the
experimental cumulative production of 27.7 ml/g with a deviation of 1.53%.
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1. Introduction

The most important factors of civilized community are the
availability of energy for domestic, agricultural and industrial

countries of the world. Despite the differences in
international point of view about the technology, there is

purpose [1], which is a tool of economic growth. Energy
consumption reflects a nation’s level of development. The
sources of renewable energy includes sunlight, wind, rain
tides and geothermal heat that may be replenished naturally.
The technologies of renewable energy are solar power, wind
power, hydroelectricity, micro-hydro, biomass and biofuels
for transportation. In 2006, energy consumption from
renewable sources was about 18%, biomass yielded 13% and
hydropower provided 30% as another source of renewable
energy [2]. Biogas production from renewable resources is
now a prominent feature of most developed and developing

acceptance about its role in the domestic and agricultural life
of the rural citizenries in countries like India, china, Korea
and Malaysia. It is used for cooking, crop drying and soil
fertilizing [3]. Biogas is evolved when biological materials
are degraded y bacterial in the absence of oxygen (anaerobic
digestion) [4].

Anaerobic treatment refers to the application of biological
processes for breaking organic matter without the use of
oxygen and the stabilization of these materials by conversion
of methane and carbon dioxide and a nearly stable residue.
Animal wastes can be used as a fuel energy source; they
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possess high level of organic matter that could be converted
into energy - a supplement for fossils. Animal waste are
abundant all over the world with Nigeria producing about
227,500 tons of fresh waste each day [5]. A kilogram of fresh
animal waste has been reported to produce about 0.003 m® of
gas per day. This shows theoretically that Nigeria can or has
the potential to produce 6.8 million M? of biogas daily, which
in terms of energy is equivalent to about 3.9 million liters of
petroleum [6]. The application of biogas can provide special
impetus in both rural and urban area. Locally accessible
materials available in developing world can be used to build
biogas plant. The anaerobic digestion of municipal waste can
be of value as it combines waste removal and stabilization with
net fuel (Biogas) production, and the residue (solid or liquid)
can further be used as feed or as biomass briquette [7].
Besides, the evaluation of the effect of cattle manure collected
at different time inoculated with rumen fluid of cattle on
biogas production at mesophilic condition was performed. The
results showed the mixture pH before and after the biogas
evolution as 7.34 and 7.15 respectively with a distinct
difference (P<0.05) in the cattle manure taken at zero and 24
hours between the treatment group and control. The best
observed yield of biogas was seen in the lumen fluid range of
25-50% Also, high yield of biogas was produced from cattle
manure taken after 12 hours of defecation as compared to 0
hour and 24 hours of cattle post-defecation [8]. In addition,
anaerobic digestion study of kitchen waste to produce biogas
by treating food effluent using microorganisms was carried
out. The mixture of vegetable wastes with inoculum of
previous cow dung slurry was digested anaerobically. These
mixtures were applied for biogas production at 37°C in
laboratory reactor. They reported that the yield of biogas was
with a considerable decline rate in the values of COD, BOD,
pH, acidity and alkalinity and methanogen gradually converts
the organic acids into the methane gas and carbon dioxide,
which indicates that the waste has better anaerobic
biodegradability [9]. Also, the feasibility of biogas production
from slaughterhouse with anaerobic digestion process was
conducted in a mini digester of 20-liter capacity,
slaughterhouse waste (SHW) slurry and other with cow dung
(CD) slurry. The study was performed using a batch reactor for
a period of 43 days, with daily average temperature varying
between 20°C to 28°C. It was observed that the amount of
biogas that can be produced from 23 slau ghterhouses present
in Lalitpur Sub Metropolitan City is 103.2 m*/day. The biogas
yield from SHW is higher in comparison to cow dung. The
specific biogas yield from SHW was 0.201 m*/kg VS which
were higher in comparison to cow dung, having 0.18 m*/kg VS
and the average methane content of SHW was 55.8%, which is
in par with the methane content of cow dung [10]. The large
volume of waste produced by animals in farms have made
animal waste treatment a concern. Adequate treatment is
needed to reduce or prevent the effects of these wastes on the
quality of water, quality of air and public health. Thus, the
results of this research study showed that abattoir waste would
serve as a substrate for biogas production and its utilization
(substrate) for biogas production will avert disposal issues and

create an alternative source of sustainable energy. Therefore,
this research study conducted the kinetic studies of this waste
to obtain kinetic parameters of biogas production from cow
dung that are essential for bio-digester studies and design.

2. Materials and Experimental Method

Fresh cow dung (abattoir waste) was taken from the
slaughter house at mile 3 Diobu, Port Harcourt and a 20 L
bio-digester calibrated plastic container equipped with a
digital pH and temperature probe, stirrer and sampling ports
were applied in carrying out this analysis.

2.1. Experiment

The experimental procedures applied in performing this
research study are discussed thus.

2.1.1. Preparation of Abattoir Waste

The cow dung was sun dried, mechanically crushed (using
mortar and pestle) for homogeneity of the dung and weighed.
The cow dung was analyzed (characterized) to determine the
following properties such as total solid (TS), volatile solid
(VS); chemical oxygen demand (COD), NH3;-N (Ammonia-
nitrogen ratio), pH and moisture content using procedures
outlined in standard methods [11, 12]. Ammonia - nitrogen
(NH;-N) content was analyzed using the spectrophotometer.
In addition, the cow dung slurry was prepared by diluting
with distilled or tap water in the ratio 1:2 (1 kg of cow dung
to 2 kg of water). The fibers were removed by screening
through a sieve of 0.5 cm by 0.5 cm mesh size. The slurry
(substrate) was stored at 4°C and the ratio of mixing was
evaluated by the cow dung moisture content [13].

2.1.2. Biogas Production

The experimental set up for production of biogas was
conducted in the Kinetics Laboratory of the Department of
Chemical/Petrochemical =~ Engineering, = Rivers  State
University, Port-Harcourt, Nigeria. The experiment was
carried out at a temperature of 35°C by circulating water
from a thermostat through a water jacket surrounding the
bioreactor and mixing was aided by a mechanical stirrer set.
The experimental procedure involved loading of slurry
(substrate) into the bioreactor and the bioreactor properly
sealed to avert air from entering the tank and carbondioxide
gas was bubbled into the bio-digester to ensure anaerobic
condition. The experiment was observed for a retention
period of fifty days and the ambient and slurry temperatures
were measured using the thermometer on a five-day interval.
The pH of the slurry was monitored initially and on a five (5)
day interval to determine the action of methanogens (which
utilize the acids, carbon dioxide and hydrogen produced)
using a digital pH meter. The quantity of gas produced was
taken at 12 hours on five (5) day basis.

2.1.3. Collection of Gas

The gas was collected by downward displacement of water
in the gas holder. The volume of displaced water was
recorded as the volume of gas produced.



Chemical and Biomolecular Engineering 2021; 6(3): 49-58 51

2.1.4. Methane Analysis in Biogas Produced

The evolution of methane in the produced biogas was
tested by lighting flame on a Bunsen burner connected to the
digester. The gas that comes out from the digester was
checked whether it burns, the colour of the flame and odour
was also checked. Thus, gas chromatography was used to
deduce the composition of methane in the biogas produced.

2.2. Evaluation of Kinetic Models

The biogas production kinetics was studied by fitting the
experimental data of biogas production volume with time to
evaluate kinetic expressions of biogas production. The
kinetic expressions tested are discussed thus.

a) Linear Model

The linear model equation of the biogas production in the
ascending and descending climbs is expressed [14, 15]

y =a+bT )

It assumed that biogas production rate will increase
linearly with time, reach a maximum and then decrease
linearly to zero with time. The constants: a (ml/gm/day) and
b (ml/ gm/dayz) were obtained from the intercept and slope of
the graph of production rate against time.

b) Exponential Model

The exponential equation for biogas production assumes
that there will be exponential increase in production rate of
biogas as time increases, reached maximum, and then
decrease to zero exponentially with increase in time. The
model as given as [16]

y = a + bexp(cT) (2)

The constants: a (ml/gm/day) and b (ml/gm/day®) were
determined from the intercept and slope of the plot of biogas
production rate with time.

¢) Gaussian Model

The Gaussian model assumes that the biogas production
rate would follow a normal distribution over the hydraulic
retention time and is expressed thus.

T—To]z

y=anp[ P €)

d) Logistic Growth Model

The rate of production of biogas was also simulated using
the logistic growth model as given by the modified Gompertz
equation:

a
T 1-b exp (—KT) (4)

e) Gompertz equation
The Gompertz equation expressed below was applied in
simulating the biogas production rate

Y=4 {—exp [% A=T)+ 1]} (5)
2.3. Kinetic Parameters Determination

The kinetic parameters of the various models were

evaluated after fitting the experimental data using the non-
linear curve fitting toolbox in MathLab (R2012a).

2.4. Batch Bioreactor Model for Biogas Production

The bioreactor used in this experiment was modelled as a
constant density semi batch reactor. The principle of
conservation of mass applied on the bioreactor was used to
develop the model equation for predicting the cumulative
volume of biogas produced daily as

d‘;% = _Fo - (_Rbg)Msl (6)

2.5. Determination of Reaction Rate Constant

The various rate equations listed were fitted to the
experimental results obtained and the equation with the best fit
(equation with the highest regression coefficient) was chosen.

2.6. Solution Technique

The model equation developed was a first order ordinary
differential equation. This was solved numerically using the
4™ order Runge Kutta algorithm. The algorithm was followed
to develop a MathLab program using ODE45 solver.

3. Results and Discussion

The results obtained from the experimental analysis
conducted in this research study are presented thus.

3.1. Characterization of Cow Dung

The results of the characterization of the biomass (cow
dung) applied in this study are presented in Table 1.

Table 1. Proximate features of Fresh Cow Dung.

SN Components Composition (%)
1 Total Solid (g) 6.76

2 Moisture Content (%) 53.4

3 pH 6.70

4 Total Carbon 36.73

5 Total Nitrogen 1.36

6 Carbon to Nitrogen Ratio 27.01

The values of these properties were within the limits
predicted by other researchers for optimum biogas
production. It has been deduced that the Carbon Nitrogen
ratio of feed mixtures between 25 to 30:1 and 8% total solid
content of the slurry would yield high performance of an
anaerobic digester for biogas production using dairy manure
as substrate [17]. Also, the total solid content of 7.4 and
9.2% in cattle dung show the best performance for
digestibility [18], while a temperature of 35°C and 8% total
solid gave maximum gas production [19]. In addition, the
pH value obtained in this study was in agreement with
values for fresh cow dung obtained by [20, 21] and are
within the acceptable range of 6.65 to 7.81 for anaerobic
digestion as proposed. [22]
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3.2. Biogas (Methane) Production

The daily and cumulative biogas production for the 50
days’ study period are show in Figures 1 and 2 respectively.
Production actually started on the third day (lag phase) and
measured at five days’ interval started slowly and increased
continuously reaching a peak on the 25" day with a 5.1 ml
yield of biogas. There was minimal increase on the tenth day,
sharp increase on the fifteenth day and steady increase on the

20" and 25™ day respectively. After the 25" day, measured 5
days’ interval production rate began to drop or decrease
gradually by the 30" day, very drastically by the 35" to 40™
day and very gradual between 45" to 50™ day. These results
conform to typical production pattern or behavior of
microbial processes with the lag, exponential growth and
exponential decline phases. The dead phase will be observed
if the experiment was performed for a longer period.

6

Biogas Production Rate (ml/g/day)

Hydraulic Retension Time (Days)

Figure 1. Biogas production Rate against Time.
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Figure 2. Cumulative Biogas Production (ml/g).

The delay in biogas production could be attributed to
the lignin in feeds for cows which are mainly maize stock
consisting of about 90% dry weight cellulose,
hemicellulose and lignin. The lignin creates a protective
barrier that hinders plant cell destruction by fungi and
bacteria for conversion to biogas [24], and biogas
production rate in batch condition is reported to be
directly proportional to the specific growth of
methanogenic bacteria [22]. The first three days indicating
the lag phase of microbial growth with minimal biogas
production; the 10™ to 25" day was the exponential
growth phase where biogas production increased
drastically attaining a maximum of 5.1 on the 25™ day due
to exponential growth of methanogens, while the 30™ to
40™ was the exponential decline phase where biogas
production decreased drastically.

3.3. Produced Gas Analysis

The composition of the biogas produced from the
experiment were within the range of typical biogas
composition as reported by [23], particularly of methane,
which is usually between 50 — 70% as shown in Table 2.

Table 2. Analysis of Biogas Produced.

SN Components Compositions (%)

1 Methane 67
2 Carbondioxide 25
3 Hydrogen 5
4 Nitrogen 2
5 Other gases (O,, CO and H,S) 1
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3.4. Effect of Process Variables

The following process parameters were measured in
performing this experimental analysis and their effects on the
rate of biogas production are discussed thus.

53

3.4.1. Effect of PH
The measured pH in the digester during the biogas
production period are shown in Figure 3.

(ml/g/day)

Biogas Production Rate

10 20

30

7.1

—&— Biogas production

—®—pH 7

6.9
6.8
6.7

6.6

pH

6.5
6.4
6.3
6.2
6.1

40 50 60

Hydraulic Retension Time (Days)

Figure 3. Changes in Biogas Production and pH.

Figure 3 shows the changing pH pattern in this research
study with an initial pH value of 6.9. The pH dropped
throughout the first ten days to 6.3 by the tenth day, after
which pH began to increase reaching a maximum of 7 on the
25™ day, then decreased continuously to 6.1 by the 50" day.
During the first ten days when there was a drop in pH from 6.9
to 6.5 to 6.3 (0, 5 and 10 days), there was low biogas
production of 0, 1.2 and 1.4 ml/day; after the tenth day, pH in
digester began to increase from 6.3 to 7 by the twenty fifth day.
During this period of increase in pH, daily biogas production
increased continuously from 1.4 ml/day to 3.5, 4.1 and 5.1
ml/day respectively at the 15®, 20™ and 25™ day. After the 25
day, pH began to decrease continuously from 7 to 6.1 on the
50" day with the daily biogas production rate decreasing
gradually by the 30" day, drastically by the 35" and 40" day
and then minimally from the 40" day to the 50™ day.

Thus, pH is a vital factor that affects anaerobic digestion
and low pH prevents methanogenic bacteria that are required

6

for production of biogas [6, 19]. PH value less than 5 or
greater than 8 had also been reported to rapidly inhibits
methanogenesis and anaerobic bacteria required a natural
environment, hence, optimum biogas production was
obtained at a pH range of 6.4 - 7.2 [6]. The observed pH
trends in this research is in tandem with previous studies.

3.4.2. Effect of Temperature

There was very minimal fluctuation in the Temperature of
the digester, a drop in temperature was observed in the first
ten days from 28 to 26.9°C, then increased gradually
thereafter to 29°C by the 25" day and decreased again
gradually to 26°C by the 50™ day. This temperature
fluctuation resulted in low production of biogas during the
first ten days of temperature drop, increased daily biogas
production rate as temperature began to increase reaching a
maximum of 5.1 ml/day on the 25" day at 29°C, and then a
decrease in biogas production as temperature dropped.

29.5

—&— Biogas production

(ml/g/day)

Biogas Production Rate
N

10 20

30

—e— Temperature
29

28.5

28

27.5

Temperature oC

27

26.5

26

25.5

40 50 60

Hydraulic Retension Time (Days)

Figure 4. Changes in Temperatures and Biogas Production.
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These trends are in agreement with the proportional
relation reported between temperature and gas production
with biogas production increasing as temperature of
fermentation slurry increases [25]. The temperature range of
this experiment confirms that biogas production occurs at the
mesophilic temperature.

3.5. Kinetic Models of Biogas Production

The five kinetic models applied in this study were fitted
to the experimental data using the Matlab curve fitting
tool box at a coefficient confidence bound of 95% to
obtain the constants in each of the kinetic models. The
curve fit of the experimental data for the five models with
their constants and correlation coefficient (R?) evaluated
are shown thus.

3.5.1. Linear Model

The rate of production of biogas in the ascending and
descending limb fitted with the linear model are shown in
Figures 5 and 6 respectively.

Linear model plot (Ascending)

Volume for gas
production rate
= N w »
- o N o w [9,] £ [9,]
T T T T T T T T

o
3
T

o
I

L L
10 15 20 25
Reaction rate (days)

o
o

Figure 5. Linear Model for Ascending Climb.

Linear plot (Descending)

t2vs. t1]]
fit 1

volime of gas production
rate

Reaction rate(days)

Figure 6. Linear Model for Descending Climb.

Thus, the biogas production rate increased linearly with
time (ascending climb) reaching a maximum point after
which production rate began to decrease linearly with time
(descending climb). The correlation coefficient (R?) of the
linear model to the biogas production rate are 0.9673 and
0.7808 for the ascending and descending climb
respectively.

3.5.2. Exponential Model

The ascending and descending limb fitted with the
exponential model for biogas production are shown in
Figures 7 and 8 respectively.

It can be seen from the Figures that biogas production
rate increased exponentially with time (ascending climb)
reaching a maximum point after which production rate
began to decrease exponentially with time (descending
climb). The correlation coefficient (R*) of the exponential
model for the biogas production rate yielded 0.9674 and
0.779 for the ascending and descending climb
respectively.

Exponential model plot(Ascending)

t2 vs. t1 Y
fit 1

Volume of
gas production
rate
N
(4]

I I
0 5 10 15 20 25
reaction rate (days)

Figure 7. Exponential Model for Ascending Climb.

Exponential plot(Descending)
- T T T T T

volume of biogas production
rate

30 32 34 36 38 40 42 44 46 48 50
Reaction rate(days)

Figure 8. Exponential Model for Descending Climb.
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Gaussian curve
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production rate
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Figure 9. Gaussian Model of the Daily Biogas Production.

3.5.3. Gaussian Model

The daily biogas production data fitted with the Gaussian
model yielded a curve that attains maximum biogas
production after which a steady decrease in the production as
shown in Figure 9. The correlation coefficient (R?) of the
Gaussian model for the biogas production rate is 0.9132.

3.5.4. Logistic Growth Model

The Logistic Growth model fit of the cumulative daily
biogas production data increases steadily from zeroth to 50
day, with the correlation coefficient (R?) for the biogas
production rate as 0.9979.

Logistic growth model curve
T T T T T 0

25

20

o

Cummulative of
biogas
production rate

o

L L L L Iu|
0 5 10 15 20 25 30 35 40 45 50
Reaction rate(days)

Ote L L L I I

Figure 10. Logistic Growth Model of the Cumulative Biogas Production.

3.5.5. Gompertz Model

The Gompertz model fit of the cumulative daily biogas
production data also shown a steady increase along the
experimental days in similarity to the Logistic growth model
and a correlation coefficient (R?) of 0.999 for the biogas
production rate.

Gompertz curve

cummulative
of bio gas
production rate

0 5 10 15 20 25 30 35 40 45 50
reaction rate(days)

Figure 11. Gompertz Model of the Cumulative Biogas Production.

Furthermore, the daily production data showed that the
coefficient of correlation (R*) for Linear model (ascending
and descending climb) are 0.9673 and 0.7808, Exponential
model (ascending and descending climb) are 0.9742 and
0.779 and Gaussian model yielded 0.9132 respectively.
Also, the cumulative data showed that the coefficients of
correlation for Logistic Growth and Modified Gompertz
models are 0.9979 and 0.999 respectively. Thus, these
models (Logistic Growth and Modified Gompertz) are
useful for the simulation of biogas production from cow
dung.

The modified Gompertz model also predicted the biogas
production potential of 28.13 ml/gm, minimum time required
for biogas production (lag phase) of 2.96 days and a
maximum biogas production rate of 5.37 ml/gm/day. The
values of these parameters are in tandem with the evaluated
experimental data of biogas production potential of 27.7
ml/gm, minimum time required to produce biogas (lag phase)
of 3 days and a maximum biogas production rate of 5.1
ml/gm/day.

Table 3. Kinetic Parameter of the Various Models.

Equations Value of Parameters R-Squared Values
y=a+bl a=2.583

(Linear Ascending) b=1.972 0.9673
y=a+bT a=244

Linear Descendin; =-1.233 0.7808

( g

y =a+bexp(cT) l‘;zg‘sf%%é55 096
(Exponential Ascending) et

y = a + bexp(cT) a=4551 0.779

b =-4549
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Equations Value of Parameters

R-Squared Values

(Exponential Descending) ¢=0.00002711
al=-0.6996
V= alexp[% 24 aZexp[% 2 (Gaussian model) To=-2.055
b= 1.601
a=4.942
(Logistic Growth model) Too=-0.0276
b,=1.038
a=27.3
b=-0.7789
k=2.564
A=128.13
=296
U=537

_ a
- 1-bexp(—kT)

Y = Aexp[—exp [% (A —T)+ 1]] (Gompertz model)

0.9132

0.9979

0.999

3.6. Bioreactor Model

The performance of the bioreactor (Cumulative Biogas production rate) as predicted by the model (from the solution of the
component balance) showed a steady increase or change in cumulative biogas production rate as the experiment progressed as

depicted in Figure 12.

30

]
w

N
o

[N
o

Cumulative Biogas Production Rate
(ml/g/day)
[

0 10 20 30 40 50
Hydrau;ic Retention Time (Day)

Figure 12. Model Prediction of Cumulative Biogas Production rate.

6l

0

Also, the model prediction and experimental results of the cumulative biogas production rate in the bioreactor gave a good

best fits as shown in Figures 13.
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Cumulative Biogas Production Rate (ml/g/day)
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Figure 13. Model Prediction and Experimental data of Cumulative Biogas Production rate.

3.7. Model Validation

60

The degree of accuracy of the developed models was ascertained by comparing the cumulative biogas production rate

predicted by the models with the experimental results.
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Table 4. Comparison of Experimental Result with Model Prediction.

PARAMETER

EXPERIMENTAL RESULT

MODEL PREDICTION DEVIATION %

Cumulative Biogas Production (ml/g/day) 27.7

28.13 1.53

The deviation between the model predictions and the
experimental results yielded a minimal value of 1.53% for
the cumulative biogas production rate. Thus, this model can
be used for simulation of the bioreactor.

4. Conclusion

A laboratory scale bioreactor was setup and used for the
production of biogas from cow dung. The cow dung was
characterized, temperature, pH and volume of biogas
produced were measured at five (5) days’ interval for the
experiments’ retention period of fifty days. The kinetics of
the production process was tested by fitting the Linear,
Exponential, Gaussian, Logistic growth and Gompertz
model to the production data and a reactor model for the
bio-digester was also developed with the logistic model
kinetic constant of 2.564. The experimental results
showed that temperature of the bio digester was between
28°C at the beginning, rose to a maximum of 29°C and
decreased to 26°C at the end of fifty (50) days production
(retention) period. Hence biogas production occurred
within the mesophilic temperature of 27 to 30°C. Also, the
measured pH values were between 6.9 at the beginning,
rose to 7 and decreased to 6.1 at fiftieth (50™) day and
produced biogas volume of 27.7 ml/g, maximum rate of
biogas production of 5.1 ml/g/day and the minimum time
needed for biogas production (the lag phase) was three
days.

In addition, the kinetic evaluation of Linear, Exponential,
Gaussian, Logistic Growth and Modified Gompertz models
were deduced with the Logistic growth and Gompertz models
fitted for biogas production kinetics. The reactor model
developed solved with the Gompertz kinetic model predicted
the biogas production process accurately with cumulative
biogas production of 28.13 ml/g compared to the
experimental cumulative production of 27.7 ml/g and a
deviation of 1.53%.

Nomenclatures

y: Biogas production rate (ml/gm/day)

T: Time in day of digestion

a, b: Constants (ml/gm/day)

c: Constant (per day)

T,: Maximum biogas production rate.

Y: Cumulative biogas production (ml/gm)

K: Kinetic rate constant (Per day)

T: RT (days)

A: Biogas production potential (ml/gm)

U: Maximum biogas production rate (ml/gm/day)

A: Lag phase period or the minimum time required to
produce biogas (day).

T: Time needed for digestion (days)

R} 4: Cumulative Biogas Production Rate (ml/g/day)

Mg;: Mass of Cow Dung Slurry (g)

F;; F,: Volumetric Flowrate of the Inlet and Outlet streams
of the Bioreactor (ml/day)
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