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ABSTRACT
 

A study was conducted at the Machinery Demonstration Unit Farm, Agricultural 
Engineering Research, AMRI Division, Faisalabad, Pakistan during 2004-2008. 
Three treatments of feeding materials i.e. buffalo dung (BD), buffalo dung plus 
poultry litter (BD+PL) and buffalo dung plus sheep waste (BD+SW) at levels of 
15,  30 and 40 kg per day were used.  The analysis of variance showed that 
feeding material and its levels significantly affected the slurry temperature, gas 
production  and  pH  value.  The  highest  gas  production  was  obtained  from 
BD+PL (0.92  m3/day),  BD (0.82  m3/day)  and BD+SW (0.79 m3/day)  when this 
material was used @ 40 kg per day. The average slurry temperature within plant 
remained  between  27  to  31°C  approximately,  5-7°C  below  the  atmospheric 
temperature.  The average pH values for  treatments BD,  BD+PL and BD+SW 
were found as 6.6, 6.5 and 6.8, respectively.

KEYWORDS: Anaerobic digestion; farmyard manure; poultry litter; methane; 
Pakistan.

INTRODUCTION

Energy production and environment protection are the burning issues of the 
world. The main source of energy such as fossil fuel is gradually diminishing. 
That is why the energy available from different sources is not only becoming 
costly, but also is less available as compared to growing demands of the day. 
Therefore, alternate energy sources are being explored throughout the world 
to combat energy crisis. Among various alternates methane generation from 
animal waste (biogas) is one of the important sources of energy.

In rural areas of developing countries like Pakistan, energy requirements are 
partially met through burning animal dung as cooking fuel due to scarcity of 
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wood and other fuel. The burning of animal dung is wastage of nutrients like 
protein,  nitrogen,  amino  acids  and  urea.  It  has  been  estimated  that  in 
Pakistan  40-50 percent  of  total  animal  dung  available  each  year  is  burnt 
which is great loss of farmyard manure. Further, huge quantity of smoke and 
other gases created by burning of this dung escape to the atmosphere and 
cause the environmental pollution.

There are about 28 million animals (cows, buffaloes, goats, horses, etc.) in 
Pakistan,  besides  about  50  million  tons  per  year  of  crop  residues  and  6 
million birds in  poultry estates.  The animals and birds produce about  443 
million tons of dung per year (8). This could yield nearly 110000 cubic meter 
gas per annum and can meet 10-12 percent of domestic energy need of the 
rural area.

The crop, animal and poultry wastes are used as feeding materials for the 
biogas plants. This results in reducing environmental pollution caused by this 
huge amount of waste, in the form of smoke and ash through burning or lying 
in  the open air  (1,  2).  The material  can serve dual  purpose by producing 
energy and provide valuable  crop manure  with  increased  nitrogen due to 
anaerobic  fermentation.  Jain  et  al. (10)  used  cattle  and  sheep  wastes 
anaerobically in a bench scale digester and found sheep waste better than 
cattle waste for gas production. The cellulose degradation and gas production 
from  cattle  waste  was  found  to  increase  on  supplementation  with  sheep 
waste at 5 to 10 percent level.

The biogas plants of various types and sizes were installed in Pakistan during 
the  year  1981  to  1985  by  Pakistan  Council  of  Appropriate  Technology, 
Director  General  Energy  Resources  of  Pakistan  and  Director  General 
Agriculture (Field), Punjab. The functioning of the plants was not satisfactory 
due  to  some  design,  installation  and  operational  problems.  The  common 
problems were drum tilting, scum formation, clogging of inlets and outlets as 
reported by Chaudhary and Farooq (4). Ghaffar et al. (7) made modifications 
in  the digester  inlet,  outlet,  installed  an agitator  in  the digester  for  proper 
mixing of slurry and avoiding scum formation to improve the performance of 
the plant.

Siraj (13) reported that about 4000 biogas plants were installed in Pakistan by 
the Directorate General of Renewable Energy Resources during the period 
1981-85. Pakistan Council  of  Appropriate Technology installed 21 Chinese 
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type biogas plants  in  1976.  The plants  were  not  succeeded due to some 
technical problems occurred in installation and operation of the plants.
Nazir (11) studied the suitability of different types of biogas plants for use in 
rural  areas  of  Pakistan.  He  reported  that  a  horizontal  biogas  plant  was 
comparatively expensive but was suitable for those areas where water table 
was higher  or the soil  was too sandy.  Chinese type biogas plant  was not 
found suitable due to low gas pressure. French type biogas plants worked 
efficiently in cold weather.

The favourable conditions for the biogas fermentation process were 30-35°C 
temperature, pH value of 6.8-7.5, carbon nitrogen ratio (C/N) of 19:1 and total 
solid  (TS) 7-9 percent   with  retention time of  20-40 days as described by 
Chen  et  al. (5).  The production  of  biogas  in  the  plant  was  a  function  of 
feeding  material,  its  type,  fermentation  process,  availability  of  methane 
producing  micro-organisms,  environmental  conditions,  loading  rate  and 
retention  time  (6,  12).  The  fermentation  process  itself  was  a  function  of 
temperature,  pH value,  carbon/nitrogen  ratio,  retention  time,  type  of  input 
material, feeding frequency and presence of air in the fermentation process 
(14).

Baoquan (3) reported that favourable pH of biogas digestion ranged from 6.8 
to 7.2. The pH >6.5 was due to feeding of too much acidic materials, and was 
regulated by feeding clear lime water.  The pH higher than 7.6 was due to 
feeding of too much alkaline material.

This paper demonstrates production of methane gas by anaerobic digestion 
of buffalo dung, buffalo dung plus poultry litter and buffalo dung plus sheep 
waste in a biogas plant under prevailing rural and environmental conditions of 
the central Punjab.

MATERIALS AND METHODS

This  study  was  conducted  at  the  Machinery  Demonstration  Unit  Farm, 
Agricultural Engineering Research, AMRI Division, Faisalabad, Pakistan from 
April  2004  to  August  2008.  The  floating  drum  type  biogas  plant  already 
installed at the Farm was selected for this study. The fermentation chamber 
of the biogas plant was 2.27 m in diameter and 3.63 m in depth. The gas 
reservoir  of  this  plant  was a drum of  metallic  sheet  (16 SWG) of  2.12 m 
diameter and 1.21 m long.

Three treatments of feeding materials buffalo dung (BD), buffalo dung plus 
poultry  litter  (BD+PL)  and  buffalo  dung  plus  sheep  waste  (BD+SW) were 
tested. Poultry litter and sheep waste were mixed with buffalo dung in a ratio 
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of 1:1. The material mixture was then diluted with water in a ratio of 1: 1.5, 
respectively before feeding into the plants. The treatment levels of 15, 30 and 
40 kg per day were selected for the study.

The atmospheric temperature, fermented slurry temperature, pH value of the 
slurry and gas production were recorded daily. The data were analyzed using 
complete randomized design. 

RESULTS AND DISCUSSION
Slurry temperature 

The analysis of data showed that feeding material affected slurry temperature 
significantly (Table 1). The effect of atmospheric temperature on fermented 
slurry temperature for BD treatment is shown in (Fig. 1a). The curve showed 
a  sudden  drop in  the  atmospheric  temperature  on 6th  and 15th  day  that 
caused the slurry temperature to drop on 7th and 15th day, respectively.
Table 1. Analysis of variance for chamber slurry temperature.

Source D.f. Sum of 
squares Mean square F. value Probability

Feed material (FM) 2 164.09 82.05 323.06 0.000
Feed level (FL) 2 4.66 1.31 1.31 0.0004
FM x FL 4 5.24 0.25 0.25 0.0014
Error 54 13.71

Total 62 187.7

The rise in atmospheric temperature on 7th and 17th day caused the slurry 
temperature to rise on 8th and 17th day, respectively. The variation range of 
slurry  temperature  was  observed  smaller  than  that  of  the  atmospheric 
temperature. The temperature drop in slurry temperature curve on 7th and 
15th day also corresponded to the end and start of the treatment levels. The 
slurry temperature for treatment BD remained in the range of 26-28°C. For 
treatment  BD+PL  (Fig.  1b)  (Table  4)  the  slurry  temperature  remained 
between 28-29°C. The curve indicated that small variations in atmospheric 
temperature  had  no  effect  on  slurry  temperature.  However,  the  larger 
variations in  atmospheric  temperature had affected the slurry temperature. 
The increased feed level of 30 kg per day on 8th day stabilized the slurry 
temperature even due to the larger drop in  atmospheric  temperature.  The 
curves (Fig. 1c) for the treatment BD+SW gave response similar to the other 
treatments. The increased feed level from 30 to 40 kg per day on 8th day 
increased the slurry temperature from 30 to 31°.

In general it was observed that downward movement of temperature through 
fermented  slurry  is    very slow. The  slurry  temperature  in   all   treatments 
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remained between 27 and 31°C, approximately 5-7 °C below the atmospheric 
temperature.  The  increase  in  feed  rate  compensated  for  the  drop  in 
atmospheric temperature because of increased bacterial population. Thus by 
increasing  the  feed  rate,  good  gas  production  can  be  achieved  in  areas 
where temperature remains low.

Gas production

Gas production was also significantly affected by feeding martial (Table 2).  In 
BD treatment gas production was low due to lower feed rate but increased 
feed rate caused the overall  gas production to increase from 0.62 to 1.07 
m3/day (Fig. 2a).

Table 2. Analysis of variance for biogas production. 

Source D.f Sum of 
squares Mean square F. value Probability

Feed material (FM) 2 0.218 0.109  21.30 0.000
Feed level (FL) 2 1.233 0.002 120.54 0.000
FM x FL 4 0.006 0.005 0.30 0.245
Error 54 0.276

Total 62 1.733

The microbial population within the chamber increased because of increased 
feed  rate  which  caused  an  increase  in  the  metabolic  activity  and 
consequently gas production. The gas production dropped to 0.83 m3 per day 
on 11th and 17th day, respectively due to the drop in slurry temperature from 
28 to 27°C and 26°C, respectively. The low slurry temperature slowed down 
the metabolic action of the bacteria and decreased the gas production. The 
gas production again increased at the constant slurry temperature of 27°C. 
This increase might be due to better utilization of acetate, H2 and CO2 by 
methanogenic bacteria under constant slurry temperature of 27°C.

The treatment of BD+PL gave a similar response as in case of BD treatment 
(Fig. 2 b). The gas production increased from 0.82 to 1.02 m3 per day on 8th 
day and again increased from 0.92 to 1.17 m3 per day on 15th day, due to 
increase feed rate from 30 to 40 kg per day. The constant slurry temperature 
after 11th day increased gas production. The variation in gas production at 
constant temperature was due to leakage. On mean basis, treatment BD+PL 
excelled  in  gas  production  (0.92m3/only)  followed  by  BD  and  BD  +  SW 
treatments (0.82 and 0.79 m3/day) (Table 4).
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The curve for treatment BD + SW (Fig. 2c) also demonstrate the similar trend 
initially due to lower feed rate. Although the slurry temperature was within the 
suitable range of 30-32°C, yet on 14th day, gas production dropped gradually 
from 0.64 to 0.54 m3 per day. The increase in feed rate from 15 to 30 kg, and 
from 30 to 40 kg increased the gas production from 0.67 to 0.94 m3  per day 
and from 0.74 to 0.98 m3 per day on 8th and 15th days, respectively.

pH value

The analysis showed that feeding materials and its interaction with levels had 
highly significant effect on pH of the slurry (Table 3). However, the treatment 
levels alone significantly affected pH value at 5 percent level of probability. 
The treatment BD+SW affected the pH but gave lower gas production (Table 
4). This  might   happened   due  to  low   digestibility  of  the  material  which

Table 3. Analysis of variance for chamber slurry pH value. 

Source D.f Sum of 
squares Mean square F. value Probability

Feed material (FM) 2 1.51 0.745  642.34 0.000
Feed level (FL) 2 0.01 0.037 4.20 0.02
FM * FL 4 0.15 0.001 31.90 0.000
Error 54 0.06

Total 62 1.73

Table 4. Mean values for slurry temperature, pH and gas production as affected by 
treatments.

Treatments Slurry 
temperature (oC) pH value Gas production

 (m3/day)
Buffalo dung 26.9 c 6.6 b 0.82 b
Buffalo dung + Poultry litter 28.8 b 6.5 c 0.92 a
Buffalo dung + Sheep waste 30.8 a 6.8 a 0.79 b

contributed to less degradation of crude fibre and caused pH to rise. While 
due to more digestive capability of BD+PL, more degradation of fibre contents 
took place and created lower acidity condition, thus caused the pH to drop in 
case of BD+PL.

Slurry analysis 

Slurry analysis of materials BD, BD+PL and BD+SW showed a decrease in 
the crude fibre content from 23.11 to 15.32 percent, 18.34 to 6.10 percent 
and 14.34 to 8.28 percent, respectively (Table 5). This decrease indicated a 
degradation of  crude fibre contents of  feeding materials  into cellulose and 
then into smaller glucose units during fermentation. These units were then 
utilized by the bacteria for energy and then in turn for biogas production.
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Table 5. Results of slurry analysis.

Treatments BD 
fresh

BD 
slurry

BD+PL
fresh

BD+PL
slurry

BD+SW
fresh

BD+SW
slurry

Dry matter (g/100g) 8.32 12.38 11.38 8.92 6.52 8.14
Crude fibre (% of DM) 23.11 15.32 18.34 6.10 14.34 8.28
Crude protein* (% of DM) 5.88 7.72 6.62 7.72 6.88 8.08
C (carbon) (% of sample) 33.82 14.45 36.06 25.9 28.84 24.48
N (nitrogen)** 1.12 1.47 1.25 1.47 1.37 1.54
Carbon-nitrogen (C/N) Ratio 30.2 9.8 28.8 17.6 21.1 15.9

*Total crude protein – Nitrogen, ** Total crude protein/6.25

There  was  an  increase  in  the  nitrogen  content  of  every  material  after 
fermentation in the plant. This increase was from 1.12 to 1.47 percent for BD, 
1.25 to 1.47 percent for BD+PL and 1.37 to 1.54% for BD+SW (Table 5). The 
increase in microbial population increased the cell formation. This caused the 
protein  content  of  the  effluent  to  increase,  which  in  turn  increased  the 
nitrogen contents.

The carbon-nitrogen (C/N) ratio of BD, BD+PL and BD+SW before feeding 
were  30.2,  28.8 and 21.1,  respectively.  The C/N ratio  of  BD, BD+PL and 
BD+SW fermented slurry were 9.8, 17.6 and 15.9, respectively (Table 5). The 
C/N ratio of buffalo dung and buffalo dung plus poultry litter was the same as 
determined by Hills and Roberts (9).

CONCLUSION

The study concludes that  feeding materials  and its levels  had significantly 
affected the slurry temperature, gas production and pH value. The interaction 
effect of feeding material and its levels was found also significant on slurry 
temperature  and pH value.  The highest  gas  production  i.e.  approximately 
0.92, 0.82 and 0.79 m3 per day was obtained from BD+PL, BD and BD+SW, 
respectively at 40 kg per day feed rate. 

The average slurry temperature within plant remained between 26 to  31°C, 
approximately 5- 7°C below the atmospheric temperature. The average slurry 
temperature of BD, BD+PL and BD+SW treatments remained in the range of 
26-28°C, 28-29 °C and 29-31 °C, respectively. The average pH values of BD, 
BD+PL  and  BD+SW  treatments  were  found  to  be  6.6,  6.5  and  6.8, 
respectively.

REFERENCES

1. Aamir,  M.  1996.  Study  of  different  Feeding  Materials  for  Biogas 
Production  under  Enhanced  Temperature  Conditions  using 
Polyethylene Canopy. M.Sc. Thesis., Univ. Agric., Faisalabad.

J. Agric. Res., 2011, 49(1)

81



M. Yasin et al.  

2. Ahmad, Y. 1995. Production of Methane by Anaerobic  Digestion of 
Animal and Poultry Wastes. M.Sc. Thesis. Univ., Agric., Faisalabad.

3. Baoquan,  L.  1991.  Daily  operation  and  management  of  large  or 
medium sized plants for central bigas supply. J. Biogas Forum, China 
Biogas. 9(2): 23-24.

4. Chaudhry,  M.A.  and  M.A.  Farooq.  1984.  Present  Status  of  Biogas 
Plants in Punjab Province. Report No. 65, AMRI, Multan.

5. Chen, T.H., D.L. Day and M.P. Sternberg. 1988. Methane production 
from fresh versus dry manure. J. Biological Wastes. 24 (4): 297-306.

6. David, A.S., D.L. Hawkes and R. Horton. 1981. Methane Production 
From Waste  Organic  Matter.  CRC  Press,  Inc.  Boca  Raton,  Florida, 
USA.

7. Ghaffar,  M.,  M.  Yasin  and  M.  A.  Farooq.  1986.  An  improved  and 
efficient biogas plant. Paper presented at PSAE Annual Convention.

8. Gill,  R.A.  and  J.A.  Bhatti.  1994.  Sustainable  forage  livestock 
production.  Proc.  Int.  Workshop  on  Sustainability  Issues,  NARC, 
Islamabad.

9. Hills,  D.J.  and  D.  W.  Roberts.  1981.  Anaerobic  digestion  of  dairy 
manure and field crops residues. J. Agric. Wastes. 3(3): 79-189.

10. Jain, M.K., R. Singh and P.Tauro. 1981. Anaerobic digestion of cattle 
and sheep wastes. J. Agric. Wastes. 3(1): 65-73.

11. Nazir, M. 1991. Biogas plants construction technology for rural areas. 
J. Bio-resource Tech. 35: 283-289.

12. Purohit  P.,  A.  Kumar,  S.  Rana  and  T.C.  Kandpal.  2002.  Using 
renewable  energy  technologies  for  domestic  cooking  in  India:  A 
methodology for  potential  estimation.  Renewable Energy.  26(2).  235-
246.

13. Siraj,  W.U.  1991.  Biogas  technology  in  Pakistan  failure  and  future 
prospects.  J.Svi.Tech & Dev. 10(2):15-18.

14. Yasir  M.  and  M.A.  Farooq.  1985.  Biogas  plants  defects  and  their 
remedies.  Ziraat  Nama  (Urdu).  Dec.  issue.  Directorate  of  Agri. 
Information, Punjab. Agriculture House, Lahore.

J. Agric. Res., 2011, 49(1)

82


	ABSTRACT
	INTRODUCTION

