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ABSTRACT
Renewable sources might serve as alternative industries in the near future. The presented work is an engineering scheme, associating a
mechanical- biological system for the conversion of varieties of lignocellulosic wastes (Orange and Peas peels, and Okra shell) to biogas,
evidently. Effective parameters have been studied in the biological treatment of lignocelluloses, in the presence of Bacterial culture medium
(formicum, methanococcus); acidity of reaction medium (3, 7, 10), and the operational temperatures (37 and 45 ºC) for the improvement of
biogas yields. Additional enhancement techniques were employed including cleaning, drying, cutting, and milling for the primary
preparation of the waste materials. The waste materials were then treated by alkaline solution of 0.1 % for the removal of CO 2 association
with the process. Attractive yields were observed for both the pure okra shell and the mixed waste obtained from (okra shell and peas peel)
at different operating conditions. A high-volume yield was also achieved for biogas under normal acidity medium (7), and thermophilic
conditions at 45 ºCcin comparison to mesophilic condition at 37 ºC. Gas – Chromatography and physic-mathematical methods were used to
evaluate the volume of biogas produced.
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INTRODUCTION
Wind, water, sun, biomass, and geothermal heat are characterized as green, sustainable, and economical
sources of energy, or the fuel which depend largely on lignocellulosic materials as an alternative low cost and
widely available source [1-3]. Biogas is a renewable green energy source, which would possibly substitute a big
share of power or heat production obtained by fossil fuels, such as bio-methane as a feedstock instead of natural
gas as a gaseous vehicle fuel. It has been assessed as one of the most energy-proficient and environmentally
advantageous technology for the bioenergy staging, due to significant reduction in the greenhouse gases (GHG)
emissions [4].
Large number of bio-treatment techniques has been used for the production of biogas by organic wastes,
which has been employed as a fuel for the heating purpose or the co-production of electricity and heat. Several
investigators such as Mata-Alvarez et al. [5] have reported the study of the digested, in a same reactor with two
cultures of applied synergism and nutrients for the effective microbial growth. The studies were conducted
under mesophilic operating conditions, in a continuous stirred tank reactor (CSTR), for fruit and vegetable
wastes (FVW). Callaghan et al. [6] reported that by increasing the percentage of FVW from 20 % to 50 %, the
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methane yield increased up to 48 %. Misi and Forster [7], applied the similar mesophilic conditions for the batch
co-digestion, which reportedly increased the biogas yield up to 73 %. Couple of researchers have reported the
selective degradation of lignocellulosic materials, by hydrolysis biological techniques at low rate with very less
mechanical support, hence lowering down the production cost [8, 9]. Both Balat M. and Hamelinck CN [10, 11]
used Biological pretreatment of bamboo culms with white rot fungi, at low temperature to improve digestion in
the biogas production. Zhang X; Srilatha, HR; Osman and others [12-18], digested the orange peels under
different fungal strains as (Penicillum, Sporotrichum, and Fusarium), respectively. Some researchers have tried
to improve the digestion of waste water by the application of white-rot fungi culture [8, 19]. In the recent years,
many investigators have applied additional improvement techniques such as size reduction to enhance the
biogas production. Maria Ljunggren Söderman, and Muller [20, 21] Integrated Economic and Environmental
Assessment of Waste Policy Instruments then designed an improved biological treatment process for wasteactivated sludge by means of primary and secondary techniques applied (grinding ,heating and treatment
solutions of ammonia), in order to produce a high purity and better yield of biogas (16-110 %), at different
temperature conditions (30-47) ºC [22].
The presented research aims to study the suitable application of separated and mixed municipal
lignocellouse wastes (orange peels, Peel peas, Okra shell), into biological digesters. It also involves the
development of a simple mechanical- biological system; to predict the biogas yield in applied batch reactor at
different operating conditions of (pH, T, C, and type of bacterial culture media). Furthermore, the evaluation
study of the effect of different bacterial culture media on the yield of biogas production has also been conducted.
Experimental work:
Materials:
1. Orange peels: Residual lignocellouse Solid Waste (LSW) is waste collected from household and
commercially available. Figure 1 (b).
2. Peel peas: Residual lignocellouse Solid Waste (LSW) is agro-wastes commercially available. Figure 1
(c)
3. Okra shell: Residual lignocellouse Solid Waste (LSW) is agro-wastes commercially available. Figure 1
(a)

Fig. 1: the lignocellouse wastes powders (a- okra shell, b- orange Peel, c- Peel peas).
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Methods:
Mechanical treatment for Waste:
Additional mechanical techniques have been employed to prepare solid waste materials. The wastes were
grinded in to powder by using hammer mill, to screen sizes less than 200 µm, where hammer mill was used for
hardwood and cutter mill for softwood, respectively.
Biological design system and waste bio-treatment:
Batch digestion system was comprised of a plastic dark container of 20 L volume suitable for anaerobic
reactions, with one side connected by two rubber pipes. One of the pipe leads to anaerobic filter containing
different particle size of coarse aggregates, and the other pipe leads to a fine sand (50 mm diameter in size)
container for the collection of biogas methane, insulated and closed by a silicon solder in order to prevent any
losses and leakages of the biogas with pumping system to transfer water to the reaction as shown in Figure 2.
These tests were performed on the screened lignocellouse waste fractions, where pure and mixed feedstocks
were used. The first mixture contained pure wastes from orange peels, Peel peas, and Okra shell lignocellouse
waste and the second mixture was a mixed lignocellouse waste of (orange peels+ Peel peas, Peel peas+ Okra
shell, Okra shell+ orange peels, and orange peels+ Peel peas+ Okra shell), respectively. The initial lignocellouse
waste loadings for the batch digestion were 10, 15, and 20 g for each type of pure wastes and (10 g for each one
for triple mixing ratio, and 15g for each waste for double mixing ratio), respectively. Table 1 shows the design
mixing ratio for the wastes used at mesophilic temperature 37 ºC for 7 days, similar ratios were applied under
the thermophilic conditions at 45 ºC for the same period of time, as well. In each test, 100ml / 20 L of (seed
culture) of 1x106 cfu, of volume of two types were employed. These types were obtained from laboratory works
digesters in Almostanseria Science College. After each type of bacteria (formicum, methanococcus) was mixed
with the samples of lignocellouse waste in the reactors, tap water was added to cover reaction medium up to 500
mL. After 7 days of digestion, the reactor was opened and pH of the mixers was noted by using pH meters. The
produced biogas is sent to the gas treatment line, where it is purified by use of calcium hydroxide, in order to
remove undesired combined gases such as CO2, and the products were analyzed by gas chromatography
techniques.
Table 1: show the mixing ratio from wastes to the digester
Sample no.
lignocellouse waste type
Wt. in g
1
Okra shell
10
2
Orange peels
10
3
Peel peas
10
4
1+2+3
10+10+10
5
1+2
15+15
6
1+3
15+15
7
2+3
15+15

Wt. in g
15
15
15

Wt. in g
20
20
20

Fig. 2: a mechanical- biological system for lignocellouse waste treatments
Methodology:
Gas- Chromatography analysis for bio- methane gas samples:
Bio-methane samples were collected by using a 75-ul gas pipette sampler from head space of reactor. The
samples were injected later into the chromatography analyzer of type Shimadzu GC9A, Headspace (HS)
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connected to a Shimadzu GC9A Gas Chromatograph (GC), with single cable flame ionization detectors (FID)
with 0.015c/g sensitivity and 30 m x 0.32 mm quantitation dimensions. Different experimental stock standard
was used as methane, ethylene, acetylene and ethane; operating conditions were applied for analysis, as shown
in Tables 2 and 3, respectively.
Table 2: estimate the operating conditions for GC bio- methane analysis
GC parameters
Operating conditions
Headspace conditions
Sample temp.
90 °C
Equilibration time
10 min
Needle temp.
110 °C
Inject time
0.09 min
Withdrawal time
0.5 min
HS mode
Constant
HS pressure
30 psi
Oven temp.
Initial temp.
40 °C
Initial hold
5 min
Final temp.
205 °C
Final hold
1.5 min
Detector (FID)
Detector temp.
250 °C
Air flow
450 mL/min
Hydrogen flow
55 mL/min
Table 3: shows the analyzed samples conditions by use of GC analyzer
Sample no.
Lignocellouse wastes samples
Mixing ratio (g)
1.
Pure okra shell
20
2.

Okra shell + orange Pell

15+15

3.

Pure Orange Peel

20

4.

Peel peas

20

5.

Pure Orange Peel

20

6.

Pure Peel peas

15

7.

Pure Peel peas

15

Operating conditions
PH= 3, T= 45 ºC,
formicum
PH= 3, T= 37 ºC,
formicum
PH= 7, T= 37 ºC,
formicum
PH= 3, T= 45 ºC,
formicum
PH= 7, T= 37 ºC,
formicum
PH= 3, T= 45 ºC,
formicum
PH= 10, T= 45 ºC,
formicum

Methnobacterium
Methnobacterium
Methnobacterium
Methnobacterium
Methnobacterium
Methnobacterium
Methnobacterium

Physic-mathematical method for evaluation of bio- methane volume:
A Physic-mathematical method was used to estimate the values of VS. As shown in equation (1)

Where:
V Biogas = daily biogas volume (L),
P = absolute pressure difference (mbar),
V head = volume of the head space (L),
C = molar volume (22.41 L mol/1),
R = universal gas constant (83.14 L mbar K/1 mol/1) and T = absolute temperature (K).
RESULTS AND DISCUSSION
GC analysis for bio-methane samples:
Figures 3-9 showed a GC analysis results for the produced bio-methane samples; pure and with different
mixing ratio from lignocellouse wastes, at different operating conditions, by employing optimal selected
bacteria culture of Methnobacterium formicum. All samples containing bio-methane gas with different
compositions in purely or with another gases such as ethylene, acetylene and ethane, respectively. Higher
concentrations of bio-methane were observed for pure orange peel at normal mesophilic condition under
optimum selected Bacteria culture in comparison with the other gases (CO 2, ethylene, acetylene and ethane),
respectively. High purity bio-methane gas was calculated with pure okra shell and okra shell when mixed with
orange peel, in an acidic medium under mesophilic conditions. In addition, high purity bio-methane was
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experienced at thermophilic conditions (45º C), applied in acidic medium. Consequently, the optimum
conditions were applied in other designed procedure, where mixing and pure samples were studied to calculate
the final volume of biogas by use of above physico-mathematical method.

Fig. 3: GC analysis for sample no. 1 Pure okra shell PH=3, T= 37 ºC, Methnobacterium formicum

Fig. 4: GC analysis for sample no. 2 Okra shell + orange Pell PH=3, T= 37 ºC, Methnobacterium formicum

Fig. 5: GC analysis for sample no. 3 Pure Orange Peel PH=7, T= 37 ºC, Methnobacterium formicum

Fig. 6: GC analysis for sample no. 4 Peel peas PH=3, T= 45 ºC, Methnobacterium formicum
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Fig. 7: GC analysis for sample no. 5 Pure Orange Peel PH=7, T= 37 ºC, Methnobacterium formicum

Fig. 8: GC analysis for sample no. 6 Pure Peel peas PH=3, T= 45 ºC, Methnobacterium formicum

Fig. 9: GC analysis for sample no. 7 Pure Peel peas PH=10, T= 45 ºC, Methnobacterium formicum
Effect of different purity types of lignocellulose waste materials on final volume of bio-methane gas:
After a powdered physical treatment practice, samples were treated under different operating conditions of
temperature (mesophilic and thermophilic), bacteria seeding cultures (methanococcus bornchii and
methanobacterium formicum), acidity functions between (3-10) pH, respectively. It was observed that biomethane gas volume obtained from okra shell is higher than other types of peel used (orange and peas peel),
which is largely due to the high oil and resin contents present in Okra in contrast to the other two selected peels
of orange and peas. In addition, it was also observed that the physical treatment has increased the accessible
surface area and pores size, while a decrease in the crystallinity and degree of polymerization behaviors of
cellulose were also observed. Therefore, it can be employed to improve the biodegradability of lignocellulose
waste materials and improving the production of biogas, consequently (Figures 10-15) [21, 23].
A higher volume of bio-methane (90ml/g) was generated at a neutral pH reaction medium, in comparison to
the acidic and alkaline medium producing 60 and 65 ml/g of biogas, respectively (Figures 10-15). The more
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energetic microbiological activity under the normal medium also assisted in the larger production bio-methane
with respect to other pH mediums (Figures 3 and 10) [12].
Among the microbial mediums, Methanococcus bornchii bacteria produced larger volume of bio-methane
over Methanobacterium formicum, due to higher activity of Methanococcus bornchii under variable pH and
temperature conditions, and higher resistance to any change in the operating conditions (Figures 10-15),
respectively [13, 14].

okra shell
volum of bio methane production
(ml/g)

orange Peel

100
90
80
70
60
50
40
30
20
10
0

Peel peas

0

10

20

30

wt. of lignocelluose waste (g)

volume of bio methane gas (ml/g)

Fig. 10: the effect of lignocellulose waste on the production of bio-methane under normal medium 7 PH 45 ºC
after 7 days and methanococcus bornchii bacteria
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orange Peel
Peel peas

60
50
40
30
20
10
0
5

10
15
20
wt. of lignocellouse waste (g)

25

Fig. 11: the effect of lignocellulose waste on the production of bio-methane under acidic medium 3 PH 45 ºC
after 7 days and methanococcus bornchii bacteria
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Fig. 12: the effect of lignocellulose waste on the production of bio-methane under alkali medium 10 PH 45 ºC
after 7 days and methanococcus bornchii bacteria
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Fig. 13: the effect of lignocellulose waste on the production of bio-methane under normal medium 7 PH 37 ºC
after 7 days and methanobacterium formicum
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Fig. 14: the effect of lignocellulose waste on the production of bio-methane under acidic medium 3 PH 37 ºC
after 7 days and methanobacterium formicum
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Fig. 15: the effect of lignocellulose waste on the production of bio-methane under alkali medium 10 PH 37 ºC
after 7 days and methanobacterium formicum
Effect of acidity function on the production of bio-methane in pure and mixed samples:
Figures 16-19, depict the production of bio-methane gas under different acidic medium, where higher
volume of bio-methane gas was produced under normal acidic medium due to the higher activity of two bacteria
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seeding cultures under these operating conditions with preference for optimal samples no. (1, 4, and 6) see table
(1) of mixing design ratio, respectively [14, 15].
Effect of operating digesting temperature on the production of bio-methane purely and mixed samples:
Figures 16 and 17 depicted the effect of different operating temperatures (thermophilic and mesophilic), on
the production yield of bio- methane gas. The higher volume of bio-methane was observed under thermophilic
conditions at 45 ºC in a range of (60-100) ml/g, other than mesophilic where lower volumes were observed in a
range of (50-85) ml/g, respectively. For acidic digestion reaction at higher temperatures, the preference was
observed for samples (1, 4, and 6), as shown in Table 1 of the mixing design ratio [13, 14].
Effect of seeding bacteria culture type on the production of bio- methane ga, in pure and mixed samples:
From Figures (16-19), it can be seen that the Methanococcus bornchii bacteria presented higher values of
bio- methane gas production over the other bacterial culture of Methanobacterium formicum. For
Methanococcus bornchii bacteria, the production reached up to 100ml/g, whereas it reached to the maximum
value of 70 ml/g for Methanobacterium formicum specie. This is largely due to the specialty behavior and
higher resistance of Methanococcus bornchii bacteria in production of this biogas than other type
Methanobacterium formicum, to applied diverse operating conditions and any sudden change in these conditions
[13, 14].
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volume of bio methane (ml)/g

PH= 10
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Fig. 16: comparative production of bio-methane under thermophilic conditions 45 ºC and different acidity
function (3-10) after 7 days by use of methanococcus bornchii bacteria
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Fig. 17: comparative production of bio-methane under mesophilic conditions 37 ºC and different acidity
function (3-10) after 7 days by use of methanococcus bornchii bacteria
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Fig. 18: comparative production of bio-methane under mesophilic conditions 37 ºC and different acidity
function (3-10) after 7 days by use of methanobacterium formicum bacteria
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Fig. 19: comparative production of bio-methane under thermophilic conditions 45 ºC and different acidity
function (3-10) after 7 days by use of methanobacterium formicum bacteria
Conclusion and Future Work:
From above results, it was concluded that:
1. Lignocellulose biomass has been observed as a major renewable source for the economically desired biomethane production, in large abundance.
2. Higher volumes of bio-methane were obtained at optimum thermophilic operating temperature of 45 ºC.
The maximum production (100 ml/g) of biogas was observed at an operational pH value of 7.
3. Methanococcus bornchii bacteria culture was observed to be more effective in the production of biomethane, over Methanobacterium formicum seeding culture type.
4. Optimal biogas values were calculated with pure Okra reached 85 ml/g, which is higher than pure
samples of orange and peas peels, respectively.
5. Optimal biogas values observed with mixed samples of okra shell and peas peel at different operating
conditions that reached the maximum value of 120ml/g.
For further work:
From above work you could continue in the bellows spot points:
1. Use an optimization program to study the above factors conditions in order to give justified modeling
relations and condition factors from feedstock, temperature, PH, media cultures.
2. Try another type of lignocellouse wastes such as sunflower shells, and nut shells purely and mixed.
3. Study more details factors for thermophilic conditions from 40-50ºc according to high yields given such
as (concentration, PH, temperature, and velocity of aeration).
Contributions of this work to knowledge:
These results have been added valuable touch on the renewable fields in our country as renewable resources
instead of oil and gas in addition to decreasing greenhouse gasses emissions recently also it considered as a
clean source for thermal and electro-mechanical energies.
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