
4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 

Development of AHP Model for Ranking of Cook Stove Technologies 
for Sindh Province, Pakistan  

Hira Soomroa,*, Syed Feroz Shaha, Jonathon D. Nixon,b Khanji Harijanc, Nayyar Hussain Mirjatd 

a,*Department of Basic Sciences, Mehran University of Engineering and Technology, Jamshoro, Sindh  
bKingston university,Friars Avenue, London, SW15 3DW, UK 

cDepartment of Mechanical Engineering, Mehran University of Engineering and Technology, Jamshoro, Sindh 
dDepartment of Electrical Engineering, Mehran University of Engineering and Technology, Jamshoro, Sindh 

*Corresponding Author: hirasoomro47@gmail.com 

Abstract 

Pakistan is a developing country and facing energy crises for over a decade. Majority of the country’s population is 
living in rural areas and associated with agro-economy. A large number of these rural communities are without on-grid 
energy system and even have no means to utilize the locally available resources to meet their energy needs. Renewable 
energy sources, which are attaining highest ever attention, are considered as most suitable for meeting energy needs of 
rural communities around the globe. Pakistan’s huge renewable energy potential is thus highly regarded as a key to 
overcome the on-going energy crisis subject to investment in appropriate technologies. Amongst other renewable energy 
sources, biomass energy can be a vital energy source to meet energy demand of the rural communities. In this study an 
AHP based decision model has been developed to assess the three alternatives cook stove technologies for Sindh 
Province. The result of this study lays foundation to carry this work by implementation of development of AHP model. 
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1. Introduction 

Pakistan is an agrarian country, having great potential in waste of biomass for energy production. A pressing challenge 
for Pakistani government is energy crisis, while government is spending additional amount (seven billion dollars per 
year) on import of fossil fuel. More than 70% of its total population cultivate agriculture, and per capita income is about 
US$480. Share of agriculture in GDP is 35%. As an increment in population’s growth rate, there is huge demand of 
energy, which is increasing as an average of 24% per year [1]. Inhabitants use biomass, as an energy sources for future. 
Traditional fuels like crop residues, dung, and fire-wood, showing a vigorous role in meeting the energy demand of low-
income urban and rural house-holds in Pakistan. Biomass is one of such resources that could play a considerable role in 
energy mix. Defining precisely, biomass is a biological material derived from dead or living organisms. It can be used 
as a source of energy (mostly referred from plants or plant base materials), contributing in both fuel and recycling of 
waste. As an energy source, biomass can be used directly via combustion to produce heat or indirectly after converting 
it into different ways of bio-fuel. Technology has its own benefits, depending on the biomass sources and the form of 
energy needed [2]. Since the beginning of human history, primitives and open fire stoves have been used for cooking 
and heating purpose. They were having different sizes and shapes, adapted from innumerable culture and food 
preparation. Due to continuous progress in society, more sophisticated stoves model are introduced. Today’s modern 
kitchens exposes many types of standardized and specialized cooking devices are available, from teapots to toaster and 
gas cooktops. 

But still in many developing countries, the poor burns biomass energy to encounter their household cooking needs. 
These open fires are fairly inefficient at converting energy into heat for cooking; the amount of biomass fuel needed 
each year for basic cooking can reach up to 2 tons per family. There is mounting indication that burning biomass 
inefficiently tends to climate change at regional as well as global level. Suggesting that the climate change debates needs 
to take house hold energy issues into consideration. About 730 million tons of biomass burned each year in developing 
countries, and more than 1 billion tons of carbon dioxide emitted out into the atmosphere. These emissions could be 
controlled with better fuels and more efficient cook stoves. Such problems could be solve by interchanging traditional 
cook stoves with improved or efficient cook stoves. Generally, the house-holds are dependent on biomass energy [3]. 
Most of biomass power intake in domestic region is for space heating and cooking and functions. In rural areas biomass 
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strength is consumed in old and inefficient techniques due to which most of the power capability is vanished. The precept 
belongings of biomass strength for family sector are gas wooden, crop residues and animal dung beside that such things 
are also used as a manure. Biomass compensates 22% of cooking gas in urban areas while in rural regions it does 92% 
[4]. 

2. TYPES OF COOKING STOVES 

Cooking stoves are mainly categorized into three categories; 

1. Traditional cook stove 
2. Efficient/Improved cook stove  
3. Biogas cook stove 

2.1. Traditional cook Stove 

The household rural technology that is currently used for cooking is very archaic and is haphazardly or gained by placing 
three stones in a triangular position with enough of space in between, to place the twigs and biomass material for burning. 
Most often, food is cooked on inefficient cooking stoves in closed areas with no ventilation. Use of such technologies 
emit noxious and hazardous end products. The cooking stoves which is used traditionally, is called traditional cook 
stoves. These stoves may be built under ground or over ground by placing three stones in U shape. Containers are placed 
above those stones. TCS are very reasonably-priced and smooth to apply therefore notwithstanding of being inefficient 
they are broadly universal and may be found in many nations at some stage in the world. Heat transferring to the cooking 
pot is very low, resulting into low efficiency. Health is affected by using TCS due to the smoke it emits. Occasional 
current efficiency is maximum up to 20% and 3 stone fireplace stoves are hazardous, having high emissions of CO and 
particulate matter (Johnson, 2005) [5]. 

2.2. Efficient/improve cook stove 

ECS are made with the assist of contemporary scientific rules for better warmness switch quotes, reduces emissions and 
advanced efficiency. The intention for the arrangement/improvement of an ICS is to overwhelm the defaults of the TCS 
using cheap price and the use being simple. Experimentally it is observed that the dangerous emission by way of 40-
75% is lessens by ICS, they also growth the efficiency of gas by means of 30% (Johnson, 2005). To get rid of smoke 
from cooking area, a chimney is connected with ECS. Stoves with chimney emits much less emission and also its price 
is expanded by the addition of chimney. They decrease down the internal air pollutants and characteristic a healthier 
combustion. Normally maximum of the ECS are stoves in which the requirement for the gas to be burnt is the air 
presence and the warmth produced due to that is supplied for cooking. The procedure of ignition in an ICS of gasifier 
type consist of following steps, initially the fuel is burnt within the presence of air at the bottom a part of range, through 
which different gases releases that can be burnt again within the existence of air at the pinnacle part of stove. 

2.3. Biogas cook stove 

In agricultural communities, combustible gas is used as cooking gas which is mainly composed of methane, carbon 
dioxide, and hydrogen sulphide. It is formed by fermenting animal and human wastes in lack of oxygen (an anaerobic 
process). Solids residual when the fermentation is complete, are used as organic fertilizer. 

Specifically for the low pressure gas flames from digesters or storage holders, the design of Biogas stoves are developed. 
The biogas stove design must allow specific issues which will occur while burning gas, particularly biogas. For 
illustration, biogas burns over a narrow range of mixtures containing 9 to 17 percent of biogas within the air. If the 
burning fire has an excessive amount of gas, the burn is going to be incomplete and poor, giving off toxic carbon 
monoxide gas and contain plenty of smoke particles. 

As compared to the traditional cooking stoves which is an open fire, the design of a biogas stove have substantial health 
advantages. In biogas stoves cooking is smokeless and this lessens the respiratory and eye infections problems among 
women and children. The biogas stove is designed in such a way that methane is mixed with double the quantity of air 
before being burned. In a huge scale, it is not attractive: the usage of biogas on a large scale is not economically viable 
and it is very difficult to growth the performance of the biogas system. 

3. Analytical Hierarchy Process (AHP) 
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AHP is one of the key branches of Multi criteria decision making (MCDM) where multi criteria are considered and 
resolved in complex decision making. Figure 1 below shows the different branches of MCDM. 

 

Figure 1: Hierarchy of MCDM Methods 

The two main branches of MCDM are Multi Attribute Decision Making (MADM) and Multi Objective Decision Making 
(MODM).  

Analytical Hierarchy Process (AHP) is the sub branch of MADM. The Analytical Hierarchy Process (AHP) was adopted 
because it is a decision-making tool well suited to multifaceted problems where a basic cost-benefit analysis is simplistic. 
It is a process that facilitates discussion among the designers and other stakeholders. Furthermore, it generates 
documentation thus lending transparency to the decision making rationale. The process is based both on mathematics 
and psychology to provide an overall answer and differs from other decision-making models by encompassing both 
known and unknown data. The essence of the process is that judgment is used to evaluate the problem as well as factual 
information and expert opinion. This is particularly useful in the case of evaluating solar collector technologies where 
the varying scale and prototype nature of some of these systems gives uncertainties when drawing a direct comparison 
between their operating characteristics [8]. Saaty, who originated AHP in the 1970s, described applications ranging from 
transportation planning to choose a school for his son [9]. 

More recently, AHP and other Multi-Criteria Decision-Making (MCDM) methods have been applied to many issues in 
energy planning, as reviewed by Pohekar and Ramachandran [10], along with other energy selection decisions including 
the assessment of oil pipeline inspections and energy resource allocation for households [11-13]. AHP is a theory of 
measurement through pairwise comparisons and relies on the judgments of experts to derive priority scales. The AHP 
method evaluates pairwise comparisons, which are used both to compare the alternatives with respect to the various 
criteria and to estimate criteria weights. The use of pairwise comparisons can allow decision makers to weight 
coefficients and compare alternatives. It can easily adjust in size to accommodate decision making problems due to its 
hierarchical structure [15]. In AHP, we decompose a complex problem into a hierarchy with goals (objective) at the top 
of the hierarchy, criteria and sub-criteria at levels and sub-levels of the hierarchy, and decision alternatives at the bottom 
of the hierarchy. The elements at a given hierarchy level are compared in pairs to show their preference with respect to 
each of the elements at the next higher level. The AHP is a tool that is being consistently used for the implementation 
and growth of technology throughout the energy sector [16]. In this sector, it is typical to find a large choice of 
technologies, surrounded by controversial issues and variations in expert opinion. This makes AHP a particularly 
valuable tool that can be used to help obtain a consensus. In essence, AHP simplifies a complex decision by decomposing 
the problem into a hierarchy of ‘criteria’ or sub problems to be analysed individually. To illustrate how the process 
works, a simple example is first provided based on the selection of a School [17].  
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Figure 2: Shows the generalized hierarchy for AHP to achieve a specific goal. 

The alternatives are first compared against each criterion through a pair-wise comparison matrix. Using factual data or 
judgement, each alternative is scored on a scale of 1–9 (1-equal, 9-Extremely more importance) against the other 
alternatives to show their preference (see Table 1). If an alternative is worse, a reciprocal value is produced, e.g. 1/9. 
The matrix is then normalized by dividing a cell by its corresponding column total. The average of the row of the 
normalized table provides a priority vector (i.e. the preference in comparison to the other alternatives) for each 
alternative for the criterion analysed.  

Table 1. Pair-wise comparison scale values of 1-9 will be used to identify the intensity of preference between 
two elements, as referred by Saaty 

Intensity of  
Importance 

Definition 

1 Equal Importance 
2 Weak or Slight 
3 Moderately More Importance 
4 Moderate Plus 
5 Strongly More Importance 
6 Strong Plus 
7 Very Strongly More importance 
8 Very, Very Strong 
9 Extremely More Importance 

Important: It may be noted that scale 2, 4, 6 and 8 
indicate compromise values of importance i.e. 
intermediate values between two adjacent judgments. 

4. Development of AHP Model for ranking of Cook stoves for Sindh province.  

AHP has been applied in various areas such as social sciences, politics, engineering, education sciences, government 
and manufacturing [21]. Five steps are generally involved in AHP method. Following defining the problem, a decision 
hierarchy from top-down is designed. Structuring has first the goal, leading to a criteria and further a sub-criteria, which 
then result in selection of substitutes. The goal of this study is set to determine the best cook stove alternative. 
Consequently, AHP version for accomplishing this goal has been shown as presented in Figure 5. 
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Figure 3: AHP Model for cooking Stove 

Based on these criteria and taking into consideration that energy planning is altogether not a simple task, particularly 
with respect to sustainability concerns, Multi criteria decision making (MCDM) methodology based on Analytical 
Hierarchy Process (AHP) will be used to evaluate biomass energy alternative for Sindh. AHP method will use to acquire 
criteria’s weights and to rank the best alternatives.  

Table 2. Description about Main Criteria and Sub-Criteria 
Main Criteria Sub-Criteria 
C1: 
Technological  

C11: Design 
C12: Repair and Maintenance  
C13: Efficiency 
C14: Availability 

C2: 
Environmental  

C21: Particulate Matter 
C22: Other Pollutants 

C3: Social C31: Community Acceptance 
C32: Convenience of Use  
C33: Impact on Quality of Life 

C4: Economic C41: Investment Cost 
C42: Operating and Maintenance cost 
C43: Affordability 

In this research, the implementation of MCDM towards an assessment of alternatives is undertaken. With a view to 
examine and rank those alternatives i.e. TCS, ECS, BCS and sustainability criteria, four main sustainability criteria are 
acknowledged from the literature viz. Technological, Environmental, Social and Economic [6,7,14]. Similarly, 
numerous sub-criteria have been recognized for all of these 4 criteria as indexed in table. 

Table 2 lists all criteria, sub criteria taking into consideration in the regard to select the best cook stove. The Main 
Criteria and Sub-Criteria in this AHP model are listed in the Table 2 which are identified from the literature as well as 
duly suit the energy and environmental system problem in a developing country like Pakistan [18, 19, 20]. In applying 
the AHP process, pairwise comparisons are made to determine the importance of one element of the decision problem 
with another (e.g. main criteria, sub-criteria and alternatives scenarios). A questionnaire will be developed for obtaining 
the criteria weights and subjective judgments from key position holders in the energy policy making process as well as 
energy experts in the utilities and academia. Experts shall be asked to make pairwise comparisons of the criteria with 
respect to the goal and sub-criteria with respect to each criterion. Respondents shall be asked to express their relative 
judgment of one element versus another on Saatay’s 1-9 scale. The aggregate matrices will be developed for the main 
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criteria, sub-criteria and three alternatives by taking out the average of the pairwise comparison matrices that will be 
obtained from the survey instrument. This has been accomplished by employing a C language program. Subsequently 
consistency of average matrices and weights of all the criteria, sub-criteria and alternatives have been determined by 
employing another C language program which are presented in A significantly small consistency ratio (CR) preferably 
≤0.1 will be considered as acceptable [8,9]. The detailed flow chart of AHP methodology employed in the C language 
program is given as under: 

 

Figure 6: Shows the detailed flow chart of AHP methodology employed in the C language program 

Consistency implies coherent judgment on the part of the decision maker regarding the pairwise comparisons. 
Mathematically, we say that a comparison matrix A is consistent if  

ikjkij aaa = for all i, j and k 

To determine whether or not a level of consistency is reasonable, we need to develop a quantifiable measure for the 
comparison matrix A. A normalized matrix N in which all the columns are identical such as:  
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A is consistent if 

nwAw =  

For case if A is not consistent  

nnwnwA ≥= maxmax ,  

The closer nmax is to n, the more consistent is the comparison matrix A. on this basis, AHP computes the consistency 
ratio as, 

RI

CI
CR =  

CI= consistency index of A 

1
max

−
−=

n

nn
 

RI = random consistency index of A 

n

n )1(98.1 −=  

If CR 1.0≤  the level of inconsistency is acceptable. Otherwise, the inconsistency is high and the decision maker may 
need to re-estimate the element aij of A realize better consistency. 

We compute the value of nmax from wnwA max= by noting that the ith equation 

t

n

t
tij wnwa max

1

=∑
=

 Where t= 1, 2, … n 

Given, 
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This means that the value of maxn can be determined by first computing the column vector wA and then summing the 

elements. 

5. Conclusion 

A large number of these rural communities are without on-grid energy system and even have no means to utilize the 
locally available resources to meet their energy needs. Renewable energy sources, which are attaining highest ever 
attention, are considered as most suitable for meeting energy needs of rural communities around the globe. Pakistan’s 
huge renewable energy potential is thus highly regarded as a key to overcome the on-going energy crisis subject to 
investment in appropriate technologies. Amongst other renewable energy sources, biomass energy can be a vital energy 
source to meet energy demand of the rural communities. In this study an AHP based decision model has been developed 
to assess the three alternatives cook stove technologies for Sindh Province.  

In this article, the AHP based decision model for ranking for three alternative cook stove technologies for Sindh province 
of Pakistan has been developed. The result of this study lays foundation to carry this work by implementation of 
development of AHP model. 
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Abstract 

Batch studies were carried out for 10 days to optimize maximum biogas yield from diluted molasses 
medium used as substrate. Different parameters including pH, Total solids (TS), Volatile solids (VS) and 
Carbon to Nitrogen (C/N) Ratio were optimized at mesophilic temperature range (30–37 0C). Also a 
correlation was developed between different parameters to see their interdependency. Maximum biogas 
yield at pH 6.5–7.2, TS up to 10%, VS 77% of TS, and C/N Ratio 30 with 73% COD reduction, was 
found 1.377 dm3/l of substrate (diluted molasses medium) with 64% methane content. High percentage 
reduction in volatile solids resulted in high biogas yield. As more and more volatile solids utilized, more 
reduction in COD and C/N ratio was observed. Reduction of volatile solids, in turn, depends upon pH of 
the substrate. In this way, all these parameters are correlated with each other and so for optimized for 
maximum biogas yield. 
 
 
© 2016 Javed Iqbala*, Nadia Jamila, Tayyaba Aftabb, Khalid Iqbalb Sajid Rashid Ahmeda, Rauf Ahmad khanb. Selection and/or 
peer-review under responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of 
Engineering and Technology, Jamshoro, Pakistan. 
 
Keywords: Correlation; Parameters; Biogase yield/Prduction; TS; VS; C/N Ratio; Molasses 

1. Background 
 
Molasses is obtained during the extraction of sugar from sugarcane and sugar beet. It is produced as by-
product in sugar mill. The annual production of molasses in Pakistan was 2,034,555 ton during 2010 – 11 
[1] that is increasing every year. The disposal of this sugar industry waste can cause sever hazardous 
problem in environment. So, there is a need to treat molasses as eco-friendly specie. It can be used for 
bio-energy production and also for waste disposal by carrying out anaerobic digestion process. Anaerobic 
digestion of cattle slurry produced biogas energy on commercial scale for many years. Anaerobic 
digestion of molasses as waste is gaining importance day by day in Pakistan. Biogas production from 
organic part of waste can be carried out by anaerobic digestion technique on batch as well as semi pilot 
scale in third world countries like Pakistan, Bangladesh, India, Nepal and Bhutan etc. Anaerobic 
digestion on batch scale is simple and economically feasible to assess bio-energetic potential of the 
system 
Different researchers have been used a variety of ways to produce biogas from different waste sources. B. 
Pound et al [2] demonstrated biogas yield by anaerobic digestion form mixture of pressed sugarcane stalk 
and cattle slurry. M. Rao et al [3] produced bioenergy from municipal solid waste garbage and claimed 
methane content of biogas in range of 62-75%.  E. T. Iyagba et al [4] stated that co-digestion of rice husk 
with cow dung can be used to produce biogas on lab scale and demonstrated that rice husk does not have 
potential for biogas production and co-digestion with cow dung does not improve gas yield. On contrast 
to this, Z. Lei et al [5] studied methane production by carrying out anaerobic digestion of rice straw and 
observed biogas or (0.33–0.35) m3/kg-VS methane yield and found 75.9–78.2%methane contents on 
average basis. In 2011, D. Giraldi et al [6] introduced the concept of Bio-cells (small anaerobic digestion 
plant) for the production of biogas. B. Abubakar et al [7] studied biogas potential by anaerobic process of 
cow dung and investigated average cumulative biogas yield was 0.15 L/kg VS added. Biogas potential of 
molasses was stated by C. Y. Lin et al [8] in Proceedings of the WHEC (2010) and demonstrated 
bioenergy (hydrogen and methane) can be produced by the fermentation of molasses (condensed) using 
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two stage anaerobic process. In the same year, I. Polematidis et al [9] studied biogas production from 
desugarized molasses and investigated that about 0.118 m3of methane at STP was produced from 1 kg of 
raffinate (desugarized molasses). They also concluded that every metric ton of raffinate can generate 
4300 MJ of thermal energy by the combustion of methane produced in the bio-reaction. 1n 2014, K. Iqbal 
et al [10], produced biogas from diluted molasses medium and reported 6.55 dm3 biogas/kg TS 
generating 0.144 kWh electrical energy [10].  
Production of biogas in a batch or continuous reactor depends upon on various factors including pH, total 
solids, volatile solids, carbon and nitrogen contents, temperature in the reactor, volatile acid production 
rates, COD reduction rates etc. Various efforts have been put forth for best optimization of conditions to 
obtain maximum yield. In this view,A. H. Igoni et al [11] studied the of effect of total solids on biogas 
production from municipal solid waste and demonstrated that increase in percentage total solids  
corresponds to geometric increase in biogas produced.I. Dioha et al [12] studied the effect of C/N ratio 
on various feedstocks to assess biogas yield and stated that C/N ratio is an important factor that controls 
the pH of the feedstock. They found optimal range of C/N ratio 20–30.1 for maximum biogas yield for 
different feedstocks. In our work, we adopted the method reported by K. Iqbal et al[10] for biogas 
production from sugarcane molasses and studied the co-relation of different parameters and proposed the 
optimized conditions for maximum biogas yield. 
 
2. Material and Methods 
 
Molasses, the main precursor of the study was obtained from a sugar industry. It was first characterised 
for physical as well as chemical parameters as shown in (table 1.) The nutrients were determined 
following APHA 2005 [13]. For each batch study, molasses was freshly diluted for the required total 
solid concentrations per batch volume. Diluted molasses medium acting as substrate was kept at 40C if it 
required to run experiment after some time otherwise used immediately. This diluted molasses medium 
was poured into quick fit conical flask (bioreactor) along with inoculum as methanogen source. The flask 
is fitted with a rubber cork having outlet and inlet passages as shown in fig. (--) and connected to a 
graduated cylindrical water jar which is joined to another receiving flask. The gas is collected over water 
and equivalent portion of water is displaced to receiving flask.  
 

Table 1. Physical and chemical properties of pure molasses obtained from Sugar Industry 
Characteristics Outcomes  
pH at 25 0C 5.95 
Density 1.07 g/ml 
Specific Gravity 1.097 
Brix 85 degree 
Moisture 33.68 % 
Total Solid Contents 66.32 % 
Total Volatile Contents  79.4 % of TS 
Total Fixed Solids (Ash) 13.66 % 
Total Sugar Contents 48.3 % 
Organic Carbon 27.84 % 
Nitrogen (TKN) 0.84 % 
C/N Ratio 33.1 
COD 67.62 % 

 
The preparation of biogas from molasses involved the following steps; 
 
2.1 Preparation of Substrate  
 
Pure molasses (Table 1) was diluted to attain required concentration of TS per batch volume. This diluted 
molasses medium acts as substrate for anaerobic digestion and if needed, small calculated quantity of 
fresh cow dung or sewage sludge or other type of waste was added to adjust specific TS & C/N ratio. 
Twelve batches were constructed (table 3) studied for optimization.  For each batch, total volume was 
kept about 2000 ml along with inoculum volume. 
 
2.2 Preparation of Inoculum  
 
Inoculation of substrate (diluted molasses medium) with anaerobic microbes is effective for biogas 
production. For this purpose, common practices involved to obtain microbes from the material in which 
they are already populated. These materials included different types of wastes like sewage sludge, animal 
manure and cattle slurry. Animal manure is the best source because it provided nutrients that are 
necessary for the growth of microbes, later used forbiogas production. In this way, such sources of 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 
microbes are valuable and inexpensive. Manure can also neutralized pH of the medium and hence 
improved buffer capacity of digester [14].  
All the ingredients listed weighed accurately and dissolved in distilled water. pH of the medium was 
neutralized and whole media was autoclaved. 10 g of fresh cow dung was added as methanogens source. 
The media is effective for the growth of already existing microbes. The media was then incubated under 
anaerobic conditions at 370C. This media along with microbial culture used as inoculum for biogas 
production. Bacterial count test was conducted to observe the viability and growth of methanogens. In 
this study, approximate 10 % inoculum size was optimized to carry out anaerobic digestion process. 
 

Table 2.  Nutrients for the growth of methanogens 

Sr. 
No. 

Nutrients 
Required 
Quantity 
(g/l) 

Sr. 
No. 

Nutrients 
Required 
Quantity 
(g/l) 

1. Yeast Extract 2.0 13. Sodium Molybdate 
(Na2MoO4.2H2O) 

0.001 

2. Peptone 2.0 14. 
Sodium Tungstate 
(Na2WO4.2H2O) 

0.001 

3. Ammonium Chloride 
(NH4Cl) 

1.0 15. Zinc Sulphate 
(ZnSO4.7H2O) 

0.001 

4. Magnesium Sulphate (MgSO4.7H20) 0.4 16. 
Aluminium Chloride 
(AlCl3.6H2O) 

0.001 

5. Calcium Chloride (CaCl2.2H2O) 0.4 17. Ferrous Chloride 
(FeCl2.4H2O) 

0.001 

6. 
Ferrous Ammonium Sulphate 
Fe(NH4)2(SO4)2.6H2O 

0.002 18. 
Sodium Acetate 
(CH3COONa) 

1.36 

7. Cobalt Chloride 
(CoCl2.6H2O) 

0.001 19. Cysteine / Boric Acid 0.01 

8. Manganese Chloride 
(Mn Cl2.4 H2O) 

0.001 20. Sodium Sulphide 
(Na2S. 9H2O) 

0.3 

9. Copper Sulphate (CuSO4.5H2O) 0.001 21. Potassium Iodide 
(KI) 

0.01 

10. Nickle Chloride 
(NiCl2.6H2O) 

0.001 22. Sodium Bicarbonate 
(NaHCO3) 

5.0 

11. Sodium Sillicate 
(Na2SiO3) 

0.001 23. Potassium Chloride 
(KCl) 

0.04 

12. Nitrilo Tiacetic Acid 0.015 24. Diammonium Biphosphate 
(NH4)2HPO4 

0.4 

 
2.3 Physical and Chemical characterization 
 
Physical and chemical analysis of the medium was carried out by monitoring pH, TS, VS, C/N ratio and 
COD. The tests were conducted according to APHA 2005 [13] at initial stage as well as after specific 
period of time by taking out approx. 10–20 ml of mixture. pH was monitored and adjusted on the daily 
basis while other parameters were analyzed after every 48 hours of time. Biogas yields were also noted 
on daily basis by measuring quantity of water displaced. 

 
Table 3.  Batch study characterization 

Batch 
No. 

Batch Description (Parameter Studied) 
Batch Characteristics 

Batch Size (ml) pH TS (%) VS 
(% of TS) C/N Ratio 

COD  
mg/L 

1 pH 2000 5.0 10.08 -- 29.89 -- 
2 --do-- --do-- 6.5 9.96 -- 30.19 -- 
3 --do-- --do-- 7.5 10.12 -- 30.01 -- 
4 --do-- --do-- 8.0 10.18 -- 29.92 -- 
5 TS --do-- 6.5–7.5 6.18 77.62 29.71 150412 
6 --do-- --do-- --do-- 9.69 76.41 30.11 190455 
7 --do-- --do-- --do-- 11.24 77.58 29.86 209321 
8 --do-- --do-- --do-- 14.28 79.15 29.53 225632 
9 --do-- --do-- --do-- 16.27 78.49 30.09 245805 
10 C/N Ratio --do-- --do-- 10.24 -- 33.16 -- 
11 --do-- --do-- --do-- 9.84 -- 26.78 -- 
12 --do-- --do-- --do-- 9.96 -- 29.89 -- 

 
Note: Values of TS & C/N ratio in batch 1–4 and of pH & C/N ratio in batch 5–9 and of pH & TS in batch 10–12 were tried to 
maintain according to optimized conditions of said parameters (pH 6.5 – 7.5, TS 10% and C/N ratio 30). In the table, these values 
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are not exactly according to optimized values because these are obtained by the actual results of batch characterization and 
considered as optimized.  

 
2.4 Digestion Process 
 
Digestion process was started in the bioreactor as the substrate was inoculated. The process was carried 
out under mesophilic temperature conditions (30–370C). pH was noted daily and adjusted between 6.5–
7.5 to ensure maximum biogas production. In the bioreactor, substrate was homogenized with inoculum 
by carrying out slow mixing occasionally. This is helpful to avoid temperature gradients, crust formation 
and dead spaces that affect the process of digestion in the bioreactor [10]. Each batch was studied for 15 
days and data was evaluated for the biogas production. 
 
3. Results and discussion 
 
In this study, it has been observed that production of biogas from diluted molasses medium depends upon 
certain conditions of parameters including pH, TS, VS, C/N ratio and COD while operating at mesophilic 
temperature range (30–37 0C). Different experiments were run to optimize a parameter for maximum 
yield. So, each parameter was discussed as under 
 
3.1 pH  
 
Four batches (table 3) were run at pH i.e 5.0, 6.5, 7.5, 8.0 with initial concertation of TS of about 10% 
and C/N ratio 30 and noted the effect pH on biogas yield.  It was found that after adjusting initial specific 
pH of the batch, pH tends to decrease as the reaction starts in bioreactor producing biogas. However, a 
specific pH was continuously monitored and regularly maintained by injecting specific volume of 
saturated solution of NaOH. Decreasing in pH may be perhaps due to increase of non-dissociated VFA’s 
in an anaerobic digestion [15]. The concentrations of total solids, volatile solids were also decreased with 
the passage of time continuously along with reduction of chemical oxygen demand (COD). Biogas yield 
was found maximum and almost identical at pH 6.5 and 7.5 (2.73dm3& 2.74dm3 respectively) as 
compared to biogas yield at pH 5.0 and 8.0 (1.516dm3& 0.84dm3 respectively (fig. 1). It is because that 
below pH 6.3 and above pH 7.8, the methanogenic bacteria become very slow in their activity [16] and 
further filamentous bacteria grow at lower pH and higher pH causes accumulation of unionized ammonia 
[17]. pH more than 8.0 will show toxic effects on the methanogenic bacteria population. [18]. Hence 
maximum biogas production from diluted molasses medium can be carried out at pH range 6.5 – 7.5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1.  Effect of pH on biogas yield 
 

3.2 Total Solids  
 
Five batches (No. 5-9, Table 3) were conducted to evaluate the effect of TS on biogas production. It was 
observed that increases in total solid contents directly increase the biogas production. Solid contents 
gradually decrease day by day (fig. 3) and resulted decline in biogas production (fig. 2). We started our 
experiments with initial total solid concentration at 6.81%, 9.69%, 11.24%, 14.28% and 16.27% 
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maintaining a pH at 6.5–7.5 and C/N ratio about 30. The batches with initial TS concentration at 9.69% 
and 11.24% showed better results (biogas yield 2.73dm3& 2.79dm3 respectively) as compared to the 
batches with initial TS concentration at 6.81%, 14.28% and 16.27% (biogas yield 1.34dm3, 2.655dm3& 
2.54dm3 respectively) fig. 2. The batch with initial TS 6.81% produced biogas in low quantity because of 
low initial value. The batches with initial TS values 14.28% and 16.27% produced biogas in lesser 
amount because higher TS concentration results more formation of volatile fatty acids thus inhibiting the 
methanogens responsible for the production of biogas. Total solid contents less than 13% produced more 
biogas by making readily access of bacteria to the substrate. [10]. Increasing total solid content decreases 
the digester volume due to lower water requirements [19]. Furthermore, higher TS concentrations 
produce acidic effects on the medium than that of lower concentration of TS resulting decrease in pH 
[20]. It is as observed that higher the initial concentration of TS, more will be the biogas production rate 
as the bioconversion started. That is why; using higher concentration of TS result early completion of 
reaction but overall biogas production is decreased (fig. 2). Although overall consumption of TS batches 
(with initial high concentration) is more than of TS batches (with initial low concentration) fig 3. This is 
probably due to more conversion of TS into VFA’s resulting decline in pH and inhibiting the reaction. 
Fig. 3 shows the decreasing trend of TS from the first day to last. The percentage reduction for batches 
with initial TS concentrations at 6.81%, 9.69%, 11.24%, 14.28% and 16.27% was found to be 19.09%, 
19.30%, 27.58%, 38.58% and 40.29% respectively. Low percentage reduction result trend line to become 
parallel with axis (fig. 3). It indicates slower but effective utilization of solid contents by the microbial 
community in bioreactor enhancing biogas production. Also very low consumption of solids decreased 
the gas production. So, maximum biogas production occurred at an optimum level. In our studies, this 
optimum range was found to be about 10% initial concentration of TS.  The biogas produced at 10% 
solid content was 1.377dm3 (Table 5) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Effect of TS concentration on biogas production 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3.  Decrease in Total Solid Concentration as biogas produced 
 
3.3 Volatile Solids 
 
Volatile solids represent the organic nature of medium and are measured as solid contents minus ash 
contents. Their concentration also decreased like TS as the reaction is proceeding and hence, reducing the 
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biogas yield. In our experiments, effect of VS was studied along with TS (batches no. 5-9, table 3) and 
observed that reduction trend just like TS. The curve of VS runs parallel to TS (fig. 4). Higher value of 
VS represent more water displaced directly related to more biogas evolution (fig. 2). Results are 
strengthened by the study of [21]. Also more quantity of volatile solids ensures more formation of 
volatile fatty acids. Fig. 4 shows the decreasing trend of VS from start of Experiment to end. The 
percentage reduction for batches with initial TS values at 6.81%, 9.69%, 11.24%, 14.28% and 16.27% 
was found to be 19.12%, 19.47%, 27.18%, 38.69% and 40.64% respectively. Percentage reduction was 
found similar with that of TS, VS consumed depending upon TS.In figure 4, all the curves started from 
same point because all batches have same VS initial concentration with slight difference. After that, 
curves separated because VS reduced as percent function of TS. But like TS, curves for lower initial 
concentrations of VS seem to be parallel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 4. Decreasing trend in volatile solids 

3.4 Effect of Carbon to Nitrogen (C/N) Ratio 

C/N ratio is also another significant factor to assess the ability of a bioreactor to produce biogas. The 
batch no. 10–12 (table 3) were conducted to observe the efficacy of C/N ratio on biogas yield. The study 
was carried out at different C/N ratios (33.16, 26.78, 29.89) keeping the TS concertation to about 10% 
and pH at 6.5–7.5 (table 3). The maximum biogas yield was found at C/N ratio 29.89 (2.78dm3) than the 
other C/N values 33.16 (2.14dm3) and 26.78 (2.565dm3) fig. 5. So, the optimum C/N ratio was found to 
be 29.89 (almost 30) and hence, all other trials (for effect of pH & TS) were conducted to about C/N ratio 
30 (table 3). As the bioconversion continued, C/N ratio decreased because carbon compounds are utilized 
by the acidogenic bacteria into methanogenic substrates and volatile fatty acids [22]. Lowering the C/N 
ratio would result in liberation of ammonia raising the pH of the medium. According to P.Shanmugam et 
al [23], C/N ratio determines both the NH3-H and VFA values observed in the digester. Increasing 
ammonia nitrogen raised pH while by contrast lowering of pH is governed by VFA which neutralized 
HCO3

-1, CO3
-2 and acetate ions. Nevertheless ammonia can be toxic to digestion process. F. Callaghan et 

al [24] and E. A. Salminen et al [25] accustomed a tolerance level for NH3 in an anaerobic bioreactor to 
treat high protein wastes. 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 5. Effect of C/N Ratio on biogas production 
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3.5 Chemical Oxygen Demand (COD) 

COD effect was observed in the batch study from 5–9 (table 3) and found a gradual reduction regularly to 
the end of the process (Fig. 6). Reduction in COD is seen parallel to reduction in VS and TS. These 
results are supported by the studies of F. Liotta [26], in which they investigated that the COD degradation 
occurred under all TS conditions. On the other hand, according to P.Shanmugam et al [23], bio-kinetic 
yield is estimated using COD data for the design of rector and hence COD dataprovide a better alternate 
of experimental COD for design purposes. The reduction in COD may be due to the bioconversion of 
organic matter into biogas (mixture of methane and carbon dioxide) that is produced in the bioreactor. 
COD is not the primary factor like TS, VS and C/N ratio that directly affect the biogas production rather 
than it may be the factor that is itself affected by biogas evolution. That is why; COD values could not be 
rationalized to assess biogas evolution in an anaerobic digestion process.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 6.  Reduction in COD 

3.6 Parameter Optimization and Correlation 

Twelve batch studies were run to optimize the operational conditions of pH, TS, VS, and C/N ratio for 
maximum biogas yield using mainly diluted molasses medium as substrate. The maximum biogas 
production was found 2.73dm3 & 2.74dm3 at pH 6.5 and 7.5 respectively, and 2.73dm3& 2.79dm3 at TS 
9.69% and 11.24% respectively and 2.78dm3 at C/N ratio 29.89. By rounding off data, it was concluded 
that maximum biogas can be obtained at pH 6.5–7.5, TS 10% and C/N ratio 30. So, these are the 
optimum conditions for biogas evolution from diluted molasses medium.  
In our studies, it is observed that parameters (pH, TS, VS & C/N ratio) are correlated with each other by 
depending upon one another. Concertation of VS is dependent on TS, mean more TS, more will be the 
VS. The production of biogas in an anaerobic bioreactor is due to the digestion of organic compounds by 
the activity of microbes (Aicidogens, Methanogens etc) while in the bioreactor, organic strength is 
measured by the quantity of VS which in turn are dependent on TS. So, in this study, biogas yield is 
rationalized by changing the concentration of TS in different batches. In the batch study, it is seen that 
decreasing trend of VS is just like TS (fig. 4) 
TS also related to pH as higher initial concentration of TS would result accumulation of VFA and decline 
the pH of the medium thus reducing biogas yield. (Fig. 2). pH is also dependent on C/N ratio as low C/N 
ratio would cause release of ammonia decreasing pH of the system [23]. 
So, all parameters responsible for the production of biogas are correlated with each other. Therefore, 
before the start of anaerobic digestion of a substrate, optimization of parameters is the first to obtain 
biogas yield. 
In our work, maximum biogas produced 1.377 dm3 /litre of diluted molasses medium (table 4) 
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Table 4. Description of Batches with maximum biogas yields 

Sr. 
No. 

Batch Description 
Characteristics 

Biogas Yield 
(dm3/L batch 

size) Batch Size 
(ml) pH TS 

% 
VS 
% 

C/N 
Ratio 

1.  Batch Study was conducted to observe the 
effect of pH 

2000 6.5 9.96 -- 30.19 1.365 

2.  Batch Study was conducted to observe the 
effect of pH 

--do-- 7.5 10.12 -- 30.01 1.37 

3.  Batch Study was conducted to observe the 
effect of TS 

--do-- 
6.5-
7.5 

9.69 76.41 30.11 1.365 

4.  Batch Study was conducted to observe the 
effect of TS 

--do-- 
6.5-
7.5 

11.24 77.58 29.86 1.395 

5.  Batch Study conducted to observe the effect of 
C/N Ratio 

--do-- 
6.5-
7.5 

9.96 -- 29.89 1.39 

 Proposed optimized batch constructed from 
1-5 2000 6.5-

7.5 10 77 30 1.377 

 
4. Conclusions 
 
1. Different batch were made using diluted molasses as substrate by maintaining specific values of pH, 

TS %, VS % and C/N ratio. 
2. Biogas yield (dm3) was measured by water displacement method on 1 atmospheric pressure. 
3. Different parameters (pH, TS, VS, C/N ratio) were optimized for maximum biogas yield 
4. Maximum biogas production 1.377dm3 per litre diluted molasses medium was obtained on optimum 

conditions of pH 6.5-7.5, TS 10%, VS 77% and C/N ratio 30. 
5. All parameters (pH, TS, VS, C/N ratio) are correlated with each other by inhibiting/enhancing mode.  
6. There is need to optimize parameters before starting any anaerobic digestion process to evaluate 

maximum biogas yield. 
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Abstract 

Biomass utilization with coal had many advantages over pollution control regarding burning of fossil 
fuel. Co-firing can give opportunity to utilize coal with biomass to make environment eco-friendly. 
Utilization of tree leaves with coal to make valuable use of biomass material is studied in this work. 
Different ratios of biomass were blended with coal to investigate the proper blending ratio where 
minimum emission measured.  Such ratio are 90:10,80:20,70:30 and 60:40, the minimum emission of CO 
at 100% lakhra coal and tree leaves (60:40) , for as CO2 emission measured minimum lignite coal 
burning separately. As coal combustion is a serious environmental problem without biomass addition and 
can emit many harmful gases that may disturb environment. Utilization of biomass with coal could make 
remedial action against environment pollution. Biomass addition could make allure towards gaseous 
emission. 

 

© 2016 1Mohammad Siddique†,1Muhammad Najam Khan, 2Suhail Ahmed Soomro,2Abdul Sattar Jatoi,Selection and/or peer-
review under responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of 
Engineering and Technology, Jamshoro, Pakistan. 

Keywords: tree leaves; coal ;co-firing; blending ratio 

1. Introduction 

Biomass co-firing with coal has been known to have positive impact on environment. Biomass co-firing 
with coal addresses direct combustion fermentation and pyrolysis. Apart from this few studies had done 
over co-firing biomass/coal for energy generation [1].Typical biomass includes sawdust, sewage sludge, 
straw, woodchips and refuse derived fuels. Biomass is considered to have positive impact over 
environment conditions. There is decrease in CO2concentration because burning of biomass. Coal 
burning with biomass fuel reducesCO2 emission. Co-firing brings importance over greenhouse gas 
reduction by excluding CH4 emission from the otherwise landfilled biomass residues (sewage sludge, 
manure, etc.).The ash which is alkaline in nature from biomass capturesSO2 during co-firing. The 
nitrogen content present in biomass converted into ammonia as rare cases in coal during combustion. 
Hence, co-firing can also result in lower NOx levels. Blending had importance over utilization low value 
fuel biomass with coal. There are several works dealing with the effect of biomass addition on the gas 
emissions [2–14]. Co-firing application regarding coal and biomass has seen continuous utilization for 
electricity generation in coal fired boilers in recent years [15]. Researchers have used different methods 
for investigation to decrease amount of emission after burning of fossil fuel [15-16]. Some of the 
techniques employed are expensive, co-firing and co-combustion play an important role for utilizing low 
value fuel biomass with coal to take part against air pollution and is comparatively inexpensive 
technique. Co-firing is defined as firing of biomass with primary fuel. Current studies in Europe and the 
United States [16–19] have recognized that burning biomass with fossil fuels has a positive effect both on 
the environment and the economics of power generation. The reduction in emission can be attained with 
efficient utilizing of different biomass with coal and efficiency is further depend upon the nature of 
biomass and fuel. Total fuel cost can be reduced if it is coupled with biomass efficient utilization 
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including processing cost, transport and grinding cost. Waste product typically used are saw dust, wood 
chips, wastee.g. corn husks, wheat chaff, etc., municipal waste , animal manure and industrial wastes e.g. 
sewage sludge etc. Dedicated energy crops, including short-rotation woody crops like hard wood trees 
and herbaceous crops like switchgrass, are agricultural crops that are entirely adult for use as biomass 
fuels. These fast growing crops have tremendous application in fuel supplement. Biomass fuels are 
considered environmentally friendly for several reasons. Firstly there is no net increase in CO2 as a result 
of burning a biomass fuel (i.e. fossil generated CO2). During biomass growth CO2 consumes at same rate 
as biomass generate heat energy. For that reasons CO2 emission reduces with biomass utilization [16, 
18]. Co-firing of biomass residues crops demand for energy, brings additional greenhouse gas mitigation 
by avoiding CH4 release from the otherwise landfilled biomass. It is believed that CH4 is 21 times more 
potent than CO2 in terms of global warming impact. Most biomass fuels have very little or no sulphur 
content and therefore net SO2 emissions can also be reduced by co-firing of coal and biomass. This 
attribute is particularly desired when Co-firing with high sulphur coals. The alkaline ash from biomass 
also captures some of the SO2 produced during combustion [16, 20]. Present work is related with Co-
firing of coal and tree leaves, their emissions and energy generation near different mergers of lignite coal 
and tree leaves. 

 
2. Materials and Methods  

 
The present study was carried out at the department of Chemical and Mining Engineering MUET 
Jamshoro. 
Materials used in the study were lignite coal and tree leaves & their combinations. 
 

2.1. Lignite coal 
 

In Pakistan it is naturally gifted with huge reservoir of coal which mainly contains lignite coal. This study 
was carried out to investigate importance of coal when added with biomass. As coal contain significant 
amount of moisture that will cause corrosion in boilers for power generation. 

2.2. Tree leaves 

Tree leaves available everywhere at cheap source. These cheap sources of tree leaves play an important 
role in power generation. In this study different blends of tree leaves were added with coal to take part in 
energy generation as well as for emission reduction.  

2.3. Methodology  

Finer particles were created by crushing and grinding of coal and tree leaves. Sieve analysis was carried 
out on the basis of the size upto 300µm for Co-firing. Co-firing was accomplished with utilization of 
different blends of coal and cow dung manure. Excess air was used in fluidized bed combustor in 
different ratios for Co-firing at temperature of 3000C.Results were analysed during Co-firing of coal and 
cow dung manure as different gaseous emission were emitted, these gaseous emission were also 
measured by use of emission analyser. 

3. Results and Discussion 
 

3.1. Effect of blending ratio over use of tree leaves with coal 

Biomass is reaped in covenant with a persistent yield, no net carbon emissions will take place during 
production of energy from that biomass. Although the majority of energy produced in Co-firing 
originates from fossil fuels, the biomass part of the total energy load is wholly renewable. Co-firing of 
coal and biomass is getting incredible concern these days because of low emission & energy appendage 
from biomass waste. Tree leaves were used with coal under different blending ratio for analyzing 
minimum emission ratio. In Fig. 1 various emission are pinnacle with blending ratio, the maximum 
emission of SO2 is observed at 500 ppm. Amount of biomass increase was observed which is due to 
appreciable amount of sulfur present in it. Further CO2 amount increases when biomass addition 
increases because of moisture present in coal as well as in tree leaves. Fig.1also depict trend for CO2 
emission increases when coal addition with biomass about 90%coal+10%tree leaves.  Biomass can be 
attributed for decrease in emissions for power generation attention. Supposing a carbon-neutral biomass 
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resource, CO2 emissions will drop linearly in fraction to the quantity of coal balance by biomass. Most 
sources of biomass have slight sulfur concentrations, so sulfur dioxide (SO2) emissions also drop linearly 
as the coal fraction is reduced and more biomass is added. Biomass combustion does produce nitrogen 
oxides (NOx), so reductions in NOx emissions during co-firing are less effortless lye numerated. Co-
firing of wood at 7 percent of total heat input has shown to reduce NOx emissions by up to 15 percent 
compared with a conventional coal-only operation. 
 

 
Fig. 1. Effect of tree leaves addition on energy generation 

 
Co-firing is zilch but the combustion of two fuels at same time. Two fuels are related with base fuel and 
biomass, commonly base fuel with biomass is coal. The abundant sources of biomass are crop residue, 
municipal waste, and dedicated energy crops. Most types of biomass undergo substantial processing 
before they can be utilized for Co-firing. The shape, size, and moisture-content of feedstock particles 
need to be adjusted to meet specifications. Co-firing is simple process, but the most important thing is 
preparation of the feedstocks. A mixture of coal and biomass (typically containing less than 20 percent 
biomass by energy content) is fed into a modified coal-burning power plant to produce energy. Co-firing 
systems can be broadly classified as blended delivery systems, in which the two fuels are blended prior to 
injection, or separate feed systems, in which they are injected into the system separately[3,4]. The 
previous needs fewer alterations to the power plant, although alterations are usually unpretentious for 
both methods. Additional adjustments to the fuel-handling, processing, and storage systems may be 
necessary. Fig. 2 shows the energy generation from coal and biomass co-firing. It is evident form fig. 2 
that when biomass addition increase upto 30% energy production increase up to 820000 btu/lb. Trend 
shows that biomass addition could play important role in increase energy generation. 

 

 
Fig. 2. Energy Generation from Coal and Biomass Co-Firing 

 
3. Conclusion  
 
Biomass and coal Co-firing is emerging as efficient technique for reduction of greenhouse gases. This 
technique will be a resource of energy in the future as traditional fossil fuels are depleting fast. 
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Environment effects are harmless for this technique. Different ratio of biomass was blend with coal to 
examine the appropriate blending ratio where minimum emission was recorded.  Ratio are 
90:10,80:20,70:30 and 60:40, the lowest emission of CO2 at 100% Lakhra coal and tree leaves (60:40) 
was observed. Efficient Exploitation of coal with biomass can mark curative feat in contradiction to 
environment pollution. 
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Abstract 

Use of renewable energy resources to coup with current energy crisis is the only way forward for Pakistan to meet 
millennium development goals and develop as a sustainable economy. Energy shortage not only effects country 
economy but also other sectors like education and health. Pakistan's energy shortage has badly affected education 
sector as well , students studies  in laboratories and classrooms not only suffer but their most precious time is wasted 
due to outage of electricity. As load shedding backup different University campuses have installed Gensets which 
are very expensive in terms of installation, operational and maintenance cost. This paper presents a new idea of 
“Green Campus”, renewable energy base education campus, a test case of  IQRA National University, Peshawar is 
taken converting the campus load completely on Biogas and Solar energy further more to minimize conversion 
losses DC load is energized with DC source while AC loads are energized from AC source, Design and cost analysis 
is done also payback period is calculated.  

© 2016 Muhammad Aamir Aman, Sanaullah Ahmad, Khalid Mahmood, Selection and/or peer-review under responsibility of Energy and 
Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 

Keywords: Renewable Energy systems, Energy deficit , Biogas, Solar Photo Voltaic System, Green house Gases, Pay Back Period. 

 

1. Introduction 

Pakistan’s population is about 180.9 million. 37.4% are living in urban areas while 62.6% in rural areas. Population 
growth is at a rate of 2.03%.Pakistan is situated on equator, such that it lies between longitude 60E & 76E and 
latitude 23N & 27N[1].The Population is increasing  rapidly that it put pressure on the government to fulfill the 
energy need because energy is the key element for development and prosperity. Pakistan is blessed with immense 
Renewable energy resources but they haven't been explored yet.   

Pakistan economy is in huge stress because of current energy crises. Electricity Supply is the need of every 
household. The 45% of Pakistan’s population doesn't have even access to electricity [14]. 

There is a huge gap between supply and demand, Supply is about 12,755MW while the demand is too much i.e. 
18,860MW during July-March 2011-2012[15]. So the difference in supply & Demand is also high i.e. 6000MW.The 
increasing demand and less supply is shown in Table-I [2][18]. 

A viable solution of these crises is to explore on renewable sources of energy and utilize it so that common men can 
be beneficiary from this type of energy. Renewable or non-conventional energy is that type of energy which is 
reversible on human time scale such as wind, tides, waves, sunlight & Biogas etc. [3].The consumption of renewable 
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resources throughout the globe is about 16% with 10% of energy used for heating purposes by biomass traditionally 
[5]. Sun is the largest source of energy. The radiation of heat and light from the sun is called solar energy. There are 
two technologies either Active solar or passive solar. These technologies depend on the way to how they are used, 
convert and utilize energy of sun. Active technology use solar thermal collector or photovoltaic panels for 
harnessing of energy. While passive technology use light dispersing properties, orienting a building to the sun. 

Table-I Demand & Supply Situation of Electricity in Pakistan. 

S.No Year Demand 
(Mw) 

Supply 
(MW) 

Difference (MW) 

1 2004-2005 14642 15082 440 

2 2005-2006 15483 15072 -411 

3 2006-2007 16542 15091 -1457 

4 2007-2008 17689 15055 -2634 

5 2008-2009 19080 15055 -4025 

6 2009-2010 20584 15055 -5529 

7 2010-2011 20684 15055 -5629 

8 2011-2012 20884 15055 -5829 

9 2012-2013 22080 16111 -5969 

10 2013-2014 22289 16050 -6239 

11 2014-2015 22270 16050 -6220 

 

Biological materials which are produce from the wastes of living organism is called Biomass. Biogas originates 
from biomass under anaerobic (without air) condition. Biomass produce heat through combustion when use directly 
or also use indirectly by converting it into different forms of biofuels [16]. 

Due to gap in supply and demand, different type of load shed techniques are used, the most common of them is to 
shed off the load from generation. Load shedding produces severe problem in places where a short cut off supply 
creates too much loss like hospitals, research laboratories, secondary schools, higher secondary schools & 
universities. 

In such way also in education sector the load shedding have negative impacts, precious time of students and 
academia is lost. Some Universities solve this problem by installing diesel generators but its running cost and 
expenses are very high [17]. The aim of this research paper is to provide cost effective and reliable power for IQRA 
National University, Pakistan from the human wastes, kitchen wastes converted to biogas and from solar energy  
through photovoltaic panels and also comparing the cost benefits from these types of renewable energy after 
interconnection with university power supply or grid. 

2. Biogas Energy 

The process in which the biogas originates from bacteria under anaerobic (without air) by the process of 
biogradation of organic material [4].Biogas is generated by the carbon cycle of biogeochemical process. Different 
terminologies used in this type of energy are : 

2.1 Total Solid (TS) 

Without considering liquid part the total amount of solid material is called total solid (TS) [6].TS Indicates the 
biogas amount and for smooth fermentation 8% is favorable value of TS. 
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2.2 Fresh Discharge 

Moisturized manure obtained directly from human, animals etc [6]. 

2.3 Hydraulic Retention Time (HRT) 

Up to how much time the wastes particles or liquid put in digester & lays in digester are known as HRT [6].It is 
calculated by the formula: 

HRT= Volume Of digester/volume of slurry per day 

It is expressed in days. 

2.4  Solid Retention Time (SRT)  

It is calculated as: 

SRT=weight of volatile solid/weight per unit time of volatile solid leaving the system 

2.5 Liquid Part 

To Make TS value to 8% water is added with the fresh discharge called liquid part [6]. 

The proposed biogas plant is shown in figure-I. 

 
 Figure 1: Proposed Biogas Plant. 

3 Solar Photo Voltaic System 

Sun is the biggest source of energy. It gives light and heat to the whole universe. Sun is about 109 times bigger than 
the earth [7].The distance between earth and sun is about 149.63x106 Km and the light takes 8 minute and 31 
seconds to touch the surface of earth. With the speed of 186.262 miles per second to touch the earth surface. [8][9]. 
So in short using solar power plant the solar electricity is obtained with free of cost from the heat and light of sun. 

Different components used in solar power plants are shown in figure 2. 
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Figure 2: Solar PV system connected to grid. 

3.1 Solar Cell  

It consists of silicon wafer/sheet also called photo voltaic cell. When sun light touches the photo voltaic, it converted 
it into electricity directly without any further cycle of thermodynamics [10]. It works on photovoltaic principle. The 
solar energy converts into electromotive force directly by absorbing of radiations by the silicon wafer. 

3.2 Inverter 

The conversion of Dc electricity to Ac Produced by the solar panel is called Inverter [11]. 

3.3 Electrical Storage 

When there is no sunlight mean in night or when cloudy weather than at that time there will be no electricity 
generated at PV so we use storage device so the electricity will be stored for later use. 

3.4 Charge Controller 

It controls or regulates the electricity that is coming from PV to battery, Load to battery or both. It also prevents 
battery from overloading and overcharging. 

4 Problem Formulation  

This Paper is about the use of renewable source of energy. We use two types of renewable energy i-e Biogas and 
solar energy to reduce the shortage of electricity during load shedding. We will design a model for biogas plant 
which was the waste human and kitchen to generate electricity and measure the roofs of university building and 
faculty building for establishing solar panels and also its economic analysis that either it is cost benefit or not when 
it is connected to the university power grid. 

4.1 Biogas Power Plant 

The Biogas Average composition is shown in table-II in percentage. It shows that highest Composition is of 
Methane CH4 gas i-e about 55-75% in Biogas [12] 
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Table 2: Average Composition of Biogas 

 Matter %age 

Methane,CH4 55-75 

Carbondioxide,Co2 25-45 

Nitrogen,N2 1-5 
Hydrogen, H2 0-3 
Hydrogen Sulphide, H2S 0.1-0.5 

Oxygen, O2 0.1-0.8 
Carbon monoxide, CO o-o.3 

 

4.2 Mathematical Calculation for Biogas plant 
 

4.2.1 From kitchen waste  

The number of students and staff are shown in table 3. 

Table-3: Population strength of students & faculty 

Building Name Population/Strength  

Campus/university Building 3000 
Faculty Building 300 
Total 3300 

 

Total Numbers of Kitchen = 10 (one in each department and one in cafeteria) 

Kitchen’s waste of 1kg when digest produce 0.3m3 of biogas. 

The gas produce when the kitchen waste on average = 80kg/day 

80 x 0.3 = 24m3/day. 

 Biogas produce from each cubic meter contains 6kwh of calorific energy. When this gas is converted into electricity 
only 2kwh of electricity we get and the rest of energy is converted into heat, which is further used for heating 
purposes/applications so total electricity generated from 

Kitchen Wastes = 24 x 2 kWh = 48 kWh 

4.2.2 From Human Wastes 

Per Person waste on average per day is about 0.5kg.The Probability to use washroom is half of the total population 
so it is 1650.And total waste produce is 

 1650 x 0.5 = 825kg 

Total solid (TS) value of human waste = 20% 

And the hydraulic retention Time (HRT)  = 40 days 

The biogas obtained in ordinary temperature of 30°c from human waste = 0.365m3/kg TS (estimated) [19] 

So the total biogas produce from this strength is       = 1650 x 0.5 x 0.2 x 0.365 = 60.225m3 
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Or Total electricity generated from human wastes    = 60.225 x 2kwh = 120.45kWh 

4.2.3 Total Generation Capacity 

From Kitchen Wastes = 48kwh 

From Human Wastes = 120.45kwh 

So Total Capacity = 120.45+48  

Total Biogas Energy = 168.48Kwh 

5 Solar Energy System 

For solar energy system we use PV (solar photo voltaic). Solar PV is used to convert sunlight directly into 
electricity. As PV gets its name for conversion of light (Photon) to electricity (voltage) called PV effect [13]. 

5.1 Required Solar Panels 

As 100 watts solar panel required area such as 

Length = 3.36 ft, width = 2.20ft 

So, Area = 3.36 x 2.20 

Area = 7.392 sq.ft 

As The roof space of university/campus &faculty Buildings = 20 Kanal 

As       1 Kanal = 107991.36 sq.fts 

Or      20 Kanal = 108000 sq.fts 

So,      7.392 sq. ft equals to 100 watt 

1 Square feet = 100 / 7.392 

1 square feet = 13.52 watt 

So,   108000 sq.ft = 100 x 108000 / 7.392 watts 

                = 1461038.961 watts 
                = 1461.038 Kw 
Total Power = 1461 Kw (Approximately) 
So Total Panels required = 14610 pieces 
As Each Panel = 100watt. 
 

6 Total energy generated from biogas and solar PV system 

Total energy produced from human and kitchen waste is = 168.48kwh. 

Power Generated from Solar PV = 1461kW. 
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7  Total energy consumption  

Table 4 shows the total consumption of IQRA national university. 

Table 4: Identifying Continuous Supply important Loads 

Load Areas  Total No of 
Fans  

Rating of 
Fans 

Total no of 
CFL 

Rating of 
CFL 

Other loads Rating 
(watts) 

Load(KW) 

Total 436 700 1220 440 238 1110 112.96 
 

Figure 3 shows total energy consumed in 24 hours. 

 

Figure 3: Total Load per hour. 

8 Pay Back Period: 

Total energy from biogas and solar PV system = 4480kwh 

 Government Tariff per unit: 

16.5000-04.4100= 12.0900 x 300 
18.5000-02.5000= 16.000 x 340 

So energy cost is 16 Rs per kwh 

So 16 x 4480 = Rs 71680 per day x 30 days = 2150400 per month. 
Rs 2150400 per month can be saved using biogas and solar PV system. 
 

9 Conclusion 

This research described the current energy crisis in and its solution using renewable energy technologies. Since 
generating energy from fossil fuel is an expensive option, we have explored the green energy generated by biomass 
and solar energy using photo voltaic system. Our analysis shows that generating energy from biomass and solar PV 
is much cheaper as compared to the conventional energy sources as the initial installing cost is reasonably lesser 
than others, biogas plant can be build easily on the group floor of a building or in backyard, while building roof can 
be utilized for solar PV cell to generated electrical energy. The initial cost of building biogas plant and installing 
solar PV system is high but these energy sources are renewable energy resources so total expenditure is pay backed 
in minimum time. Using renewable energy source decreases green house gases which has environmental benefits as 
well. 
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Abstract 

Alternative energy resources are needed to fill the gap caused by the increased energy demand and 
depletion of fossil fuel. In agricultural countries agronomical waste is one of the most reliable, 
sustainable and renewable resources for energy generation. Different technologies can be used for the 
conversion of biomass into fuel. Wheat straw and rice straw is a seasonal agricultural waste so converting 
them to RDF is the best option. The current study was conducted to determine the influence of different 
parameters such as particle size, biomass type and binders, characteristics on product yields of agro waste 
pyrolysis. For this rice straw and wheat straw of three particle sizes (5-10mm, 2-5mm and <2mm) were 
used along with two binders grass clippings and banana peelings. Proximate analysis, energy content and 
heavy metal analysis were computed according to ASTM standards. Maximum moisture content was 
found in banana peels i.e. 90%. Higher volatile combustible matter resulted in wheat straw of particle 
size (5-10mm) that is 82%. A sample of rice straw of particle size <2mm combined with banana peels 
has the highest ash content of 24%. The highest fixed carbon is16%, found in two samples one is grass 
clippings and other is of rice straw of particle size (2-5mm), combined with banana peels. The highest 
energy content of 43.5 MJ/Kg revealed in a sample of wheat straw of size (2-5mm) combined with grass 
clippings. The top five samples of highest calorific value were pyrolyzed at 550 oC on lab-scale pyrolysis 
unit to determine the percent yields of oil, char and gas. Further the pyrolytic oil was analyzed through 
FTIR to determine the composition of liquid product. FTIR shows that in pyrolytic oil nitro compounds, 
alkanes, alkyl, halides, alcohols, carboxylic acids, ethers, esters, aldehydes, ketones and alkynes was 
found. 

© 2016 “SoniyaMunir, Anam Khalid, Nadia Jamil, Munazza Bashir, Sajid Rashid Ahmad” Selection and/or peer-review under 
responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and 
Technology, Jamshoro, Pakistan. 

Keywords: Agrowaste; Biofuel; Pyrolysis, Energy, RDF 

1. Introduction  

With the industrialization, there is a population boom because of which there is also a great demand for 
energyin developing countries [1-2]. Pyrolysis is a thermochemical process and has given consideration 
for recovering energy from biomass and solid waste.  It is very attractive and suitable approach for the 
countries having large agriculture sector to convert easily available biomass into fuel. Three main 
products of this process at different temperatures are biogas, a liquid product (tars and oil); and 
biochar[3].Pakistan contains vigorous capacity for biofuels by which country’s mostly oil needs can be 
fulfilled, 80% from which are now being fulfilled through imports [4].By pyrolysis, this energy can be 
recovered into usableforms such as bio-oil and gasses [5].Physical parameters of pyrolysis of biomass 
like temperature, heating rate and residence time greatly affect the product yields and composition of 
products. Bio-oil has many applications it can be used as gas turbine fuel, diesel engine, and boiler and 
for numerous types of chemical production as use of bio-oil mainly relies on its quality. Bio-oil contains 
more chlorine and nitrogen but less sulfur as compared to petroleum [6]. Bio oil yield of fast pyrolysis 
become the promising option to substitute petroleum fuels to be used for power generation and heat [7]. 

The aims of the study is to determine the quality of RDF by performing proximate analysis, heavy metal 
analysis and finding calorific value; study the influence of different biomass, binders and particle size on 
calorific value of RDF and run the samples of highest energy content on pyrolysis unit to estimate their 
yields and explore the composition of pyrolysis oil by FTIR; estimate the potential of combustible 
hydrogen gas for subsequent fuel use. Three-way ANNOVA was applied to demonstrate the relationship 
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among biomass, binders, particle size and calorific value by using IBM SPSS 22.0. 

2. Materials and methods 

Wheat straw and rice straw was supplied from the fields of Punjab University at the harvest time. Banana 
peels were collected from different cafes of Punjab University and grass clippings was taken by CEES 
department. Sample preparation (drying and shredding) was carried out in the laboratory. Wheat straw 
and rice straw were grounded in three different sized samples by passing through different sized sieves.  
The samples (wheat straw and rice straw) and binders (banana peelings and grass clippings) were oven 
dried until their moisture content becomes less than 10%. Samples of wheat straw and rice straw were 
sieved through a set of sieves arranged as 4mm, 2mm, and 1mm.After this 12 samples of wheat straw and 
rice straw were prepared by mixing half Kg of each particle size of wheat straw with½of both binders 
separately. 

2.1 Analysis  

To check the quality of RDF proximate analysis, calorific value and heavy metal analysis were carried 
out according to relative ASTM standards. Then the samples of wheat straw and rice straw of different 
particle sizes portrayed highest energy content were run in lab-scale pyrolysis unit at a temperature of 
550oC to determine the end products and composition of the pyrolytic oil.  

2.1.1Proximate analysis  

Proximate analysis of 12 samples was carried out by following related standard methods. Moisture 
content was carried out by ASTM D 3173-11 [8]. Volatile matter was carried out by ASTM D 3175-11 
[9]. Ash content was carried out by ASTM D 3174-12 [10]. 

2.1.2 Energy content  

According to the ASTM E711-87 [11] calorific value of each sample was carried out. By using an 
automatic bomb calorimeter LECO AC 500 this test was done.  

2.1.3 Heavy metal analysis 

Five metals (As, Cr, Mn, Zn, Cu) were estimated in four samples i.e. wheat straw, rice straw, banana 
peels and grass clippings. For heavy metal detection acid digestion of the samples was done [12]. Heavy 
metal concentration was detected by using atomic absorption spectrophotometer. 

2.1.4 Pyrolysis –FTIR 

Lab-scale pyrolysis unit (Batch type fixed bed reactor) was used. It consists of a closed chamber furnace. 
With the supply of electricity it starts up and to maintain temperature it contains a digital LED meter. 
Gasses formed in the condenser chamber cooled down with the continuous flow of water. This complete 
experiment is being performed under inert conditions. Two times nitrogen gas is supplied to flush the 
gasses into the valve. Firstly, before starting the experiment to avoid other reactions and secondly when 
the yield was collected from the reactor. In whole process 10 Psi pressure was maintained. Product yields 
were obtained in the form of gas, oil and char. Out of 12 samples pyrolysis (in the absence of oxygen 
decomposition of combustible components) was carried out for only 5 samples of highest energy content.  
One by one each sample was put into the reactor chamber of the pyrolysis unit and pyrolyzed at the 

temperature of 550 ̊C. In the condensing chamber resulting vapours were condensed and the liquid 
comprising hydrocarbons was collected in the air tight bottles for the FTIR analysis.  

3. Results and discussion 

3.1 Proximate analysis  

Proximate analysis of the individual components of biomass and their combinations with binders was 
done in laboratory after complete drying, shredding, and sieving. As banana peels contain more water 
content within it, their percentage of moisture content found higher than others and it is 90%. Moisture 
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content of wheat straw (a, b, c) and rice straw (a, b, c) found almost close to each other i.e. (8%, 7%, 7%) 
and (10%, 8%, 8%) respectively. The volatile matter was found high for wheat straw (a) i.e. 82% and 
least for banana peels i.e. 6.4%. Second highest value lies within wheat straw (b and c) and that is 80%. 
Volatile matter of rice straw a, b and c are nearly equal that is 76%, 75%, and 74% respectively.  

Highest ash content was showed in rice straw c i.e. 12% and lowest was found in banana peels that are 
1.28%. The second highest value lies within rice straw a and b that is 10%. Ash content of wheat straw of 
all 3 sizes is 4%, 6%, and 8% respectively. 15% is the highest fixed carbon found in rice straw and 0.32% 
is the lowest fixed carbon found in the banana peel. Fixed carbon of wheat straw a, b, rice straw a, and c 
is 14%. In a research it was revealed that rice straw and grass clippings contain VCM 65.47% and 
76.69% respectively [13]. 

According to Tock[14], for wheat straw values of volatile matter, ash content, and fixed carbon is 
71.78%, 9.27% and 18.95% respectively. And for rice straw values of VCM, ash content, and fixed 
carbon are 77.30%, 3.40% and 18.30% respectively.  

 

Fig. 1. Moisture content and adjusted values of VCM, Ash content, and fixed carbon 

 

Fig. 2. Values of VCM, Ash content and Fixed carbon of samples of different combinations 

Fig 2 shows that Highest Volatilematter was found high in two samples i.e. W.S (P2) +B.P and W.S 
(P3)+B.P that are 78%. Lowest volatile matter was of the sample R.S (P2) +B.P that is 64%. 24% is the 
highest ash content found in the sample of R.S (P3)+B.P and 12% is the lowest value of ash content 
found in  samples W.S (P2)+B.P, W.S (P3)+B.P, R.S (P2)+G.C and R.S (P1)+B.P.Highest fixed carbon is 
16% which was found in sample R.S (P2) +B.P and lowest fixed carbon value is 0% which was found in 
sample R.S (P3) +B.P.  

3.2 Energy content 

The calorific value of individual components and combination of these samples of different particle sizes 
with binders was conducted with the help of bomb calorimeter. Lowest calorific value is 14.01 MJ/Kg 
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which is portrayed by three samples i.e. banana peels, rice straw of particle size (5-10mm) and rice straw 
of particle size (2-5mm) combined with grass clippings. Among all samples highest energy content is 
portrayed by a sample of wheat straw of particle size (2-5mm) combined with grass clippings that 
43.20MJ/Kg. Second highest is showed by wheat straw of (5-10mm) with banana peels and that is 
37.50MJ/Kg. Third highest value is 36.30 MJ/Kg which is portrayed by rice straw of (2-5mm) particle 
size combined with banana peels. 4th highest value of wheat straw of particle size (5-10mm) combined 
with grass clippings that are 34MJ/Kg. 

Table 1. Calorific value of individual samples as well as of combinations 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 Heavy metal analysis  

Fig. 3 shows the concentration of heavy metals in different samples.The standard value of As for RDF is 
10 mg/g. Arsenic concentration in samples of wheat straw and rice straw is beyond the limit that was 215 
and 100mg/g respectively. On the other hand concentration of arsenic in grass clipping and in banana 
peelings is BDL. The standard value of Cr for RDF is 200mg/g. And its concentration in every sample 
was below the standard which was 148.75, 4.5, BDL and 3.1 for wheat straw, rice straw, banana peelings 
and grass clippings respectively. 

Biomass Binders Particle size Calorific value MJ/Kg 

No biomass No binder No Particle Size .a 
(10-5mm) .a 
(2-5mm) .a 
(<2mm) .a 

Grass clippings No Particle Size 16.020 
(10-5mm) .a 
(2-5mm) .a 
(<2mm) .a 

Banana peels No Particle Size 14.010 
(10-5mm) .a 
(2-5mm) .a 
(<2mm) .a 

Wheat straw No binder No Particle Size .a 
(10-5mm) 15.100 
(2-5mm) 14.990 
(<2mm) 20.000 

Grass clippings No Particle Size .a 
(10-5mm) 34.000 
(2-5mm) 43.200 
(<2mm) 33.900 

Banana peels No Particle Size .a 
(10-5mm) 37.500 
(2-5mm) 15.760 
(<2mm) 14.340 

Rice straw No binder No Particle Size .a 
(10-5mm) 14.010 
(2-5mm) 14.300 
(<2mm) 26.020 

Grass clippings No Particle Size .a 
(10-5mm) 15.890 
(2-5mm) 14.010 
(<2mm) 24.500 

Banana peels No Particle Size .a 
(10-5mm) 25.560 
(2-5mm) 36.300 
(<2mm) 24.000 
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Fig. 3. Comparison of heavy metals concentration in samples with standard for RDF 

The standard value of Mn for RDF is 200mg/g. In the sample of rice straw, Mn concentration was found 
above the limit which is 419.4mg/g. And in samples of wheat straw, banana peelings and grass clippings 
Mn concentration were 74.25, 79.8 and 158mg/g respectively. Standard of Zn concentration for RDF is 
500mg/g. And in all samples, Zn concentration was found within the limit.  The 45, 92.8, 87 and 96mg/g 
was concentration values found in samples wheat straw, rice straw, banana peels and grass clippings 
respectively. The standard value of Cu for RDF is 200mg/g. In samples of wheat straw, rice straw, 
banana peels, and grass clippings Cu concentration was 2.75, 3.8, 12.6 and 22.4 respectively.  

3.4 Influence of combustible characteristics on calorific value of feedstock 

Pearson’s correlation was applied to find the relation of VCM, ash content and fixed carbon with 
calorific value. It is portrayed by fig. 4 and fig. 6 that there is a strong negative correlation among 
calorific value and VCM and b/w fixed carbon and calorific value. It demonstrated that if one variable is 
increasing other will be decreased. Fig. 5 shows that there is a strong positive correlation between ash 
content and fixed carbon. It means if one parameter is increasing there will be an increase in other too. 

 

 

Fig. 4. Relationship between volatile combustible matter and calorific value 
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Fig.5. Relationship between ash content and calorific value 

 

Fig.6. Relationship between fixed carbon and calorific value 

3.5 Effect of biomass, binders and particle size on Calorific value of feedstock 

To determine how calorific value is changing with different binders, in different combinations of the 
biomass of different particle size with binders, 3-way ANNOVA is applied on the data set.  

It is showed by this test that significance level of biomass* binders*P.S is .000 which is less than .05. It 
satisfies the (p < .05) that means biomass, binders, and particle size strongly influence the calorific value 
of feedstock. With the changing of particle size, same biomass can show different energy content. With 
the different combination of binders with biomass of different sizes, energy content will vary. Hence 
there is significant three-way biomass*binders*P.S interaction effect on the calorific value. 

Table 2. Effect of biomass, binders and particle size on calorific value of RDF 
Source Type III Sum of Squares Df Mean Square F Sig. 
Corrected Model 5196.446a 19 273.497 436.172 .000 
Intercept 22949.536 1 22949.536 36599.796 .000 
Biomass 194.940 1 194.940 310.889 .000 
Binders 1049.223 2 524.612 836.648 .000 
P.S 5.063 2 2.532 4.037 .025 
Biomass * Binders 1588.208 2 794.104 1266.432 .000 
Biomass * P.S 353.247 2 176.623 281.678 .000 
Binders * P.S 801.741 4 200.435 319.653 .000 
Biomass * Binders * P.S 809.701 4 202.425 322.827 .000 
Error 25.082 40 .627   
Total 36058.622 60    
Corrected Total 5221.528 59    

3.6 FTIR Analysis  

The FTIR functional groups and the indicated compounds of the pyrolysis oil were determined by the 
absorption frequency spectra. The functional groups of the pyrolysis oil of the five samples of wheat and 
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rice straw were determined by the absorption frequency spectra. The possible class of compounds is 
presented in Table 3.3. The alkane group is indicated by the absorbance peak of C-H vibrations 
(stretching) between 2870 and 2990 cm-1, C-H stretching between 2950 and 2850cm-1 and C-H bending 
between 2890 and 2850 cm-1. The absorbance peaks between 1460 and 1450 cm-1, 1440 and 1430 cm-1 
represented the C-C stretching indicating the presence of aromatics. The frequency range of 1520 and 
1490 cm-1 presents nitro compounds of N-O asymmetric stretching. The absorbance peak between 1390 
and 1360 cm-1, 1370-1320cm-1, 1565-1560cm-1 and between1565-1550cm-1 represented the C=O 
stretching, indicating the presence of carboxylic acids. The frequency range of 16600 and 1650 cm-1 

presents amides and carboxylic acids of C=O stretching. The 1 alkyl halides group is indicated by the 
absorbance peak of C-H bending between 1280 and 1260 cm-1.The frequency range of 1050 and 1000 
cm-1 presents alcohols, carboxylic acids, esters and ethers of C-O stretching. The absorbance peak 
between 705 and 690 cm-1and 760 and 735 cm-1represented the C-H indicating the presence of aromatics. 
The frequency range of 1740 and 1710 cm-1 presents esters, aldehydes and ketones of C=O group. The 

frequency range of 2250 and 2210 cm-1 presents alkynes of C≡C group. The peak between 1660 and 

1640 cm-1 are indication of the presence of carboxylic acids and amides due to C=O stretching. 
 

Table 3. The FTIR functional groups and the indicated compounds of the wheat straw and rice straw pyrolysis oil 

 

4. Conclusion 

The current study concluded that rice straw of particle size (<2mm) portrays higher energy content of 
26.02MJ/Kg. And after the addition of binders, calorific value is enhanced and maximum calorific value 
is 43.20MJ/Kg contained by the sample of wheat straw of particle size (2-5mm) combined with grass 
clippings.  The binders used have easy access and their production is abundant in Pakistan which is why 
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they can be utilized as potential binders. Grass clipping shows the good potential and the combination of 
grass clippings with wheat straw give the best results because from the top 5 highest calorific values 4 is 
portrayed by samples of a wheat straw combined with grass clippings. This type of fuel will require less 
cost on transportation and labor and can fulfil the demand of industries, however it requires energy for 
crushing and grinding process but appropriate RDF production can compensate it easily.  
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Abstract 

It is not an relaxedjob to implement spotlessness due to waste products, the key solution to get rid of this 
waste is to generate the electricity, by burning the “Municipal solid waste” (MSW) as a fuel. MSW 
comprise of different utilized things (items), which are not ready to be utilized like households, crude 
materials and so on.The incinerator operation is intended for disposing of the solid waste to produce the 
electricity. As indicated by the US EPA " The most biologically strong organization of MSW is expert 
when these approaches are completed: source diminishes, reusing, treating the dirt and move in landfills 
or waste combustors last.Convincing environmental organization of MSW plants intends to dismiss 
toxics from the MSW-fuel and to control air sullying surges from the WTE plants.The control of 
dangerous materials and air contamination are vital attributes of ecological conventions administering 
MSW fuelled electric generation.EPA then issues a new "Maximum Achievable Control Technology" 
rule pursuant to the Federal Clean Air Act for the waste-to-energy industry. The rule requires "maximum 
available pollution control technology" (including acid control scrubbers, bag house particulate controls 
andcarbon injection systems), persistent checking of burning proficiency and intermittent stack testing 
for risky air discharges. In any case, since refuse is naturally a wasteful wellspring of fuel, WTE plant's 
mercury emanations contrast and coal plants on the premise of every kilowatt-hour-created by an 
office.The on location land use effects are for the most part equivalent to those of coal or oil fuelled 
plants. There are a few spots in the Pakistan, where we can present this innovation; this will help in 
cleaning of our territory and decreasing of the setback of power which is our most serious issue and this 
will be accomplished by finding plants in the territories like Phull Goth, which is close to the ocean port 
furthermore associated with the Baluchistan. The alleged waste item assembled from the Karachi and 
Baluchistan, if used at Phull Goth, it will contribute in decrease of load shading. 
 
 
© 2016Syed Irfan Shah,Selection and/or peer-review under responsibility of Energy and Environmental Engineering Research 
Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
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1. Introduction 

Pakistan, our country is surrounded by two noteworthy issues; Power deficiency and Environmental 
Pollution, which are constraint in the advancementof our nation. No nation can progress, without the 
correct utilization of source present in it. The people of Pakistan are confronting parcel of issues because 
of the lack of electric power. Deficiency of power brings forth social and financial issues, it exist since 
most recent 10 years now it achieves the level of 8000megewatt [1] (May 21, 2011). As we know that the 
population of Pakistan reaches 18crore [1], but with increase in population we have failed to increase the 
production of electrical power. With a people that are expanding at around 1.8% yearly as indicated by 
the 2011 World Bank's report, there is nonstop augmentation in the strong waste however unfortunately 
there isn't a sole city in Pakistan having appropriate strong waste administration framework (SWM) right 
from social occasion of strong waste up to the transfer. 

 

 
 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 
As indicated by the Yale Environmental Performance Index 2016, Pakistan is at 148th position among 
178 countries. Whereas, last year’s World Health Organizations itemized Karachi (5) Peshawar (6) and 
Rawalpindi (7) in the top 20 most infested regions. If you ought to ever stay in Karachi, you would see 
the contamination problem is very unadorned. There are hundredths of spots where garbage is at 
upsetting levels. This is mostly small local businesses and household’s rubbish that is governing the 
streets of the metropolitan city. Areas such as Gulshan-e-Iqbal, Clifton, FB Area, Nazimabad, North 
Nazimabad, Gulistan-e-Jauhar, North Karachi, FC Area, and others present a view of landfills.  
Environment service study expresses that Pakistan produces yearly strong waste which is verging on 
around 20.024 million tons, which thusly turns out to be almost 59,000 tons every day.This study also 
exposed that the rate of waste generation on average changes from 0.23 kg/capita/day to 0.61 
kg/capita/day in urban and rural parts respectively [2]. The study also disclosed that the development rate 
of solid waste generation is approximately 2.4% per annum [2]. The increase in household size in main 
cities, like Rawalpindi, Karachi, Hyderabad, Peshawar, Faisalabad etc., is the principal factor distressing 
the solid waste and its supervision at different phases. It is expected that, the population of above 
mentioned cities will become 2 times in the next coming 10 years. And as a result, the sum of leftover 
being produced ranges from 1.896 kg/house/day to 4.29 kg/house/day which riseper annum with 
corresponding to population growth (Pak-EPA). However, the frequency of solid waste assemblage in 
mentioned cities ranges from only 51% to 69% of the entire waste generated,Due to the pollution 4,400 
deaths caused in Pakistan annually [3]. 
The numerous industrial sectors in Pakistan are disposing over 1,500 tons of sewages every day[3]. The 
flour mills, Oil and ghee mills, pharmaceutical industry, marble factories and plastic extrusion mills are 
all contributing in heavily poisoning the water. On the lower side no less than 204 assembling units in the 
nation need or have lacking offices for treatment of waste outflows. 
The waste that is disposed without any treatment is utilizing space and is not of any use, it will be better 
for a country like Pakistan, which is at present facing serious issues of shortfall of Electricity to make use 
of that waste as fuel and generate Electricity. There are lot of locations, but Phull Goth which is in the 
Karachi, connecting Baluchistan and sea port will be reasonable. 

1.1. Collection and Separation of Waste 

Waste can be gathered round at a single point, i.e railway station in every single city. Thewaste then can 
be transmitted to the WTE plant, through the train. Because train is very easy and convenient transport 
means, at the railway station near to the plant we transport waste through the waste carrying vehicle. At 
the plant site we first separate the waste into different types like; Plastic, Rubber, Glass, Metal, etc. We 
must make separate portion for different waste at collecting point, through this we will solve the problem 
of mixing of waste. This step can be solving by using the separation technology at each collecting point. 

2. Methodology 

The waste incoming at the plant must be assessed and quality-checked. There is a large storage, which is 
often premeditated to hold several days of waste carriages. An upstairsgantryswitches the grip vessel and 
the leftover is unconfined into the feedstuff container, and after that it is being bolstered into the heater. 
The overhead gantry blends the leftover in the shelter previously exchanging that with the feedstuff 
container. In the heater, there is temperature around 1,000 0C, and no fuel other than the waste is 
required. The waste blazes under a flood of air before dropping onto a bed or mesh. The hot pipe gasses 
rise upwards. All ignitable material is eaten up. What is remaining is known as 'slag'. The slag drops 
down into a water-filled trench and is transported to be organized and reused. 
There, the furnace water is dispersed and heated to steam by the hot flue gases. More the pressure and 
temperature of the steam more will be the potential for electricity production. In the meantime, expanded 
weight and temperature additionally prompt a more serious danger of erosion and expanded support 
costs.Due to the high temperature and steam pressure, it is possible to recover electricity, cooling and 
heat. The superheated steam is then sent to the turbine, which in turns drives the generator.In the 
generator, the kinetic energy of the turbine is converted into electrical power, which is supplied to the 
electricity network. The steam is then condensed into water and pumped back to the furnace. The water is 
then transferred back to the plant to be reheated.  
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Fig.1. flow chart of the process 
 
 

 

Fig.2. Diagram of Waste to Energy plant 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3. Diagram of Process 
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3. Benefits 

There are economic and environmental benefits. 
 
3.1 Economic Benefits 
 
The most critical monetary difference between WTE innovations and other ignition based vitality 
generation units is stringently related to the method for the data fuel. Waste has a negative quality, which 
is overseen by prefixed entryway costs, and is regularly considered, as the principal wellspring of pay for 
the WTE plant proprietors. In this sense, blazing offices have the basic role of waste treatment. Heat and 
the generation of power can be considered as a significant by item, with relative further wage. In 
addition, the transmission of Electrical Energy, from WTE plants is sorted out over other time units, 
thusly yielding a guaranteed pay structure in the midst of all operations.  
As for development associated cost the early venture investment for the working of WTE unit assume an 
essential part on account of the enormous size of these offices and of the centre introduced segments. 
Capital expenses, in any case, can change on a very basic level as a component of the picked shapes for 
the treatment of vent gasses and other made form ups. Upkeep and operation costs have mediocre impact 
on the aggregate uses of the office and are fundamentally related to the measure of treated waste. 
 
3.2 Environmental Benefits 
 
The waste part will diminish its transmissions of nursery gasses by 76% amid the years 1990-2020, 
rendering to the Climate Committee's figure. [4]  
Notwithstanding waste start expanding, outflows have fallen. For example, releases of generous metals 
from waste blazing into the air have fallen by right around 99% since 1985. Besides, total spreads of 
dioxins from most of the country's waste blazing plants have tumbled from around 100 g to under 1 gram 
in the midst of the same time allotment. [5]  
Aside from vent gasses that are utilized to deliver weight and warmth in the smoldering plant, the other 
essential consequence of the technique contains solid developments, generally as base red hot flotsam 
and jetsam or slag and fly powder; some of which can be reused in applications, for example, filling in 
the building and development businesses. 

4. Biomass Plants in the World 

There are more than 2,500 incineration plants in the world, which areallocated as follows:  
• Round about 2,000 plants in the Asia. 
• Nearly 460 plants in the Europe. 
• About 100 plants in the America. 

• And almost about 10 in the other part of the Earth. [7] 

Figure.4. Plants all over the world 
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5. Contribution and the Proposal 

Karachi is most populated city and produce more waste and it is also nearer to the sea, which is very 
helpful for the WTE plants, Plant can be installed near the Phull Goth, because it near to the sea, where 
we can also collect the Baluchistan waste for this plant through the sea route. 
 

 

 

 

 

 

 

 

 

 

Fig.5. Location for the plant 

Fig.6. Electricity 

The main advantage of this particular place is that it is at the outskirts of the city and there isn’t much 
population in that area. As Karachi as a metropolitan city; a city where there are lots of industries, so, the 
waste from those industries can easily be sent to the proposed place. Karachi is the city having most of 
waste management companies so they will come in action too.The waste would approximately be 
365,000 tons per year and that will be sufficient for powering 25,000 homes. 

6. Conclusion 

There are many other crises in Pakistan, but power shortage and pollution are the major ones, which 
gives birth to the other crises. We propose a possible way out for these both crises, its name is WTE 
plant, which produces electricity from the solid waste by burning it, it heat up the water and water 
became steam, which run the turbine and then turbine generate the electricity. The location for the plant 
is very useful because it fulfils the environmental requirements for the plant, the dumping place for the 
ash and water for the plant. It will also provide power to about 25,000 homes and it is also suitable for 
the waste collecting point of view. 
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7. Recommendation 

WTE technology is very advantageous for the Pakistan, because this technology solve our both the 
issues, shortage of power and Pollution. The location which I suggested for the plant, that is very best for 
this plant because at that place we can collect the waste of Baluchistan through the sea route and waste of 
other provinces through the train service, and we can dump the ash in the sea easily.  
So far till now Phull goth is the best proposed place for the installation of plant as it covers whole of the 
Karachi, Thatta, Baluchistan and other parts of the Sindh. It is also nearer to the sea port which is an 
added advantage. By this installation about 25000 homes will be enlightened with Power. 

Acknowledgements 

I am very much thankful to ALLAH Almighty first, then my supervisor Engr.Shakir Ali Soomro who 
helped in the research and in the preparation of the paper. 

References 

[1] Published in The Express Tribune, May 21st, 2012. 
[2] UNEP (2010). Trends in solid waste management: issues, challenges and opportunities. International Consultative 

Meeting on Expanding Waste Management Services in Developing Countries. Tokyo, Japan. 
[3] World Bank (2012). What a waste: a global review of solid waste management.  Urban development series knowledge 

papers. 
[4] Rotter S. (2011). “Incineration: RDF and SRF - Solid waste from fuels” in Solid waste technology & management 

Tchobanoglous, George and Kreith, Frank, 2002. Handbook of Solid Waste Management, 2nd Edition, McGraw-Hill, 
ISBN: 9780071356237 

[5] Christensen, T.H., G. Bhander, H. Lindvall,  A.W. Larsen, T. Fruergaard, Anders Damgaard, S. Manfredi, A. Boldrin, 
C. Riber and M. Hauschild, 2007. Experience with the use of LCA-modelling (EASEWASTE) in waste management, 
Waste Management and Research, 25: 257-262. 

[6] Angelidaki I. & Batstone D.J. (2011) “Anaerobic digestion: process” in Solid waste technology & management. 
[7] Energy Styrelsen, Danish Energy Agency, Energinet.dk (2012): Technology Data for Energy Plants: Generation of 

Electricity and Distric Heating, Energy Storage and Energy Carrier Generation and Conversion. 
[8] Eurostat (2013): http://epp.eurostat.ec.europa.eu/portal/page/portal/waste/introduction/ 
[9] Rotter S. (2011). “Incineration: RDF and SRF - Solid waste from fuels” in Solid waste technology & management 

Tchobanoglous, George and Kreith, Frank, 2002. Handbook of Solid Waste Management, 2nd Edition, McGraw-Hill, 
ISBN: 9780071356237 

[10] ENVIRONMENTAL PROTECTION AGENCY  GOVT. OF NWFP PAKISTAN 
 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 

226. Future prospects of biogas in Pakistan 
Yasir Abbasa, Muhammad Mubeena*, Ahmed Hassanb 

 

aDepartment of Environmental Sciences, COMSATS Institute of Information Technology, Vehari, Pakistan, 61100 
bDepartment of Architectural Engineering, Faculty of Engineering, United Arab Emirates University Al Ain, Abu Dhabi, United 

Arab Emirates 
E-mail: muhammadmubeen@ciitvehari.edu.pk 

 

Abstract 

Biogas is an eco-friendly technology. The organic wastes for biogas production consist of animal 
excrements, rawwood for fuel,  agricultural waste (AW), organic fraction of municipal solid waste 
(MSW)  and food waste (FW) and Pakistan, being an agricultural country has excess availability of these 
resources. Anaerobic digestion of these organic waste has great potential of biogas production, its 
composition mainly consist of methane (CH4) and carbon dioxide (CO2). A single cow or buffalo may 
produce averagely fifteen-kilogram dung in a day. Almost 6 kg of dung can produce 1m3biogas, so from 
this calculation a single cow or buffalo can produce almost 2.5m3 biogas in one day normally. Almost 2.5 
KWh electrical power can be generated from 1m3 of biogas. The livestock sector of Pakistan is growing 
annually at the rate of 4% and approximately 35.625 million KWh electrical power can be generated 
from its dung per day. A considerable biogas can be produced from 785 million available poultry birds in 
Pakistan and this gas can be used to generate electricity and heat. The main agricultural crops of Pakistan 
are cotton, sugarcane, maize, rice, wheat etc. and their residues have great potential for biogas production 
to produce electrical energy. Pakistan is world’s fifth major sugarcane producer country and it produces 
sugarcane approximately 50 million tons annually and produces 10 million tons bagasse. There are about 
80 sugar mills having potential to generate almost 3000 MW energy through biogas generation. One 
gram of cotton waste like cotton oil cake, cotton seed hull, cotton stalks has ability to produce 
approximately 78, 86 and 65 ml methane (CH4)respectively along with basal medium (BM). Co-
digestion is a good technique to enhance the biogas production. Co-digestion of food waste (75%) and 
animal manure (25%) can produce biogas of 14,653.5 ml/g-VS. Similarly, municipal solid waste can 
produce 200-530 liters/ kg biogas. Pakistan Council of Renewable Energy Technologies (PCRET) has 
saved 37.925 million rupees monthly by installing 4109 biogas plants throughout the country in terms of 
LPG (liquefied petroleum gas), kerosene oil, bio fertilizer and wood.  The estimated potential of biogas is 
12–16 million m3/day. Therefore, according to the current circumstances, government of Pakistan should 
launch a wide-ranging program for commercialization, R&D and knowledge to the public to adopt 
renewable energy technologies like biogas for the sustainable energy supply of the country in future. 
 
 
© 2016 Yasir Abbasa, Muhammad Mubeena*, Ahmed Hassanb Selection and/or peer-review under responsibility of Energy and 
Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
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1. Introduction  

Biogas (CH4) is a gas, which is produced from the digester by the action of a group of anaerobic bacteria 
such as hydrolytic, methogen, acetogens and acidogens, which decompose organic waste. Biotechnology 
of biogas generation usually refers to the anaerobic digestion of different types of organic wastes like 
food waste (FW), sewage sludge; waste of food industry, animal excrements, organic fraction of 
municipal wastes (MSW), and agricultural waste for biogas production usually refers to biotechnology. 
In some countries, plants like maize are grown for anaerobic digestion [1, 2].The biogas composition 
depends on the nature of organic waste, which is subjected to the anaerobic digestion procedure and the 
conducting method for the procedure and is as follows: Methane CH4 (50–75%), carbon dioxide CO2 
(25–45%), carbon monoxide CO (0–2%), hydrogen sulfide H2S (0-1%), nitrogen N2 (0–2%), hydrogen 
H2 (0-1%), ammonia NH3 (0-1%), oxygen O2 (0–2%), and water H2O (2–7%)[3]. Digestion associated 
with biogas generation may have three positive roles. First, it is a biochemical technique to convert the 
biomass energy into a practical bio-fuel such as biogas, which can be easily stored and transported from 
one place to another place. Next, it is a recycling method to convert organic wastes into a valuable liquor 
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fertilizer as a stable soil additive, and energy. Finally, it offers a good method for the treatment of organic 
waste in order to reduce its potential hazardous effects on our environment [4]. 

From the previous ten years, Pakistan has been facing very serious energy crises.  Pakistan's government 
spends a large amount of 14.5 billion US dollars every year to meet their energy needs in order to import 
fossil fuel. The non-renewable energy use and exploration is not enough to meet rapidly increasing 
demand of energy for the increasing population. The load shedding is recorded for 14–20 hours in a day 
in Pakistan, resulting in practically completely suspended social life [5]. The circumstances have  forced 
Pakistan’s Government to take some bold decisions such as market shutdowns at early, two holidays in 
one week and disconnect the power to industry, consequently affecting  almost all the business activities; 
in addition, we put all efforts on oil based power project like rental power project  to meet our power 
needs.   At this time, for both government and consumers it is almost impossible to tolerate the price of 
electrical energy due to the existing oil-based projects. The country needs to have an out-of-the-box 
opinion to utilize its native resources, like coal, hydro and renewable energies [6].   

Pakistan, being an agricultural country, annually produces million tons of solid organic waste in the form 
of biomass such as corn cobs, cotton waste, rice husk, wheat straw, wheat stalk and other energy crop 
residues; this biomass has great potential for biogas production [6]. A single cow or buffalo may produce 
averagely fifteen-kilogram dung in a day. Almost 6 kg of dung can produce 1m3biogas, so from this 
calculation a single cow or buffalo can produce almost 2.5m3 biogas in one day normally. Almost 2.5 
KWh electrical powers can be generated from 1m3 of biogas [5].  In Pakistan, total 172.2 million 
livestock animals produce 652 million kg dung per day. This large amount of dung can be used for 
biogas production [5]. Biogas can also be produced from number of organic wastes like waste of banana 
stem, slaughterhouses wastage, waste of paper industry, poultry waste and street waste except animal 
dung [8, 9]. The present energy crisis of Pakistan can be overcome by utilizing this biogas as a renewable 
energy and alternative source. The total potential of biogas available in the country is 14.25 million meter 
cube per day [7].In the year 1959, Pakistan has installed its first biogas plant in Sindh [10]. In 1974, 
Pakistan Council for Appropriate Technology (PCAT) has installed 10 biogas plants installed in Azad 
Jammu & Kashmir. In the same year, Directorate General of New and Renewable Energy Resources 
planned to launch a project with the aim to set up 4000 biogas plants by 1986. Later on, Biogas Support 
Program (BSP) was launched to establish 1200 biogas plants in year 2000 and 10,000 biogas plants were 
projected to be established until 2006. Pakistan Dairy Development Company (PDDC) also took a part in 
biogas plant installation and 556 plants have been installed under this program by 2009[11]. There are 
14,000 biogas plants with the cost of Rs. 356 million which have been installed by Rural Support 
Program Network (RSPN) starting from 2009 (GOP economic survey 2009-2010). Pakistan Council of 
Renewable Energy Technologies (PCRET) is installing various renewable technologies (RE) to 
overcome the present energy crisis. Since 2002, PCRET has installed 4016 biogas plants throughout the 
country. These biogas plants are producing 20, 545 m3/ day biogas according to the government of 
Pakistan, Ministry of science and Technology, 2014. Details of biogas plants installed in the country by 
PCRET are given in Table 1. 

Table 1: PCRET installed biogas plant in Pakistan during2002–2012[5] 
Provinces Biogas plants installed (2007 - 2012) 

Islamabad  30 

Punjab  1700 

KPK 155 

Sindh  300 

Baluchistan  80 

AJK 50 

Biogas provides environment-friendly and renewable energy, which will keep the environment clean and 
green and will help to stabilize ecological unit. On commercial scale, biogas plants can be installed for 
generating cheap electricity to defeat electric power shortfall, In addition, getting cheap bio-fertilizer. By 
adopting new technologies and pre-treatment techniques, biogas plant efficiency can be improved for 
commercial scale.  In literature, many topics deal with a variety of enhancing techniques, controlling 
methods and optimizing techniques of anaerobic digestion (AD) and improving biogas yield and/or 
biogas quality. Therefore, in Pakistan, there are wide prospects of biogas. 
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2. Potential of Biogas energy from various organic resources in Pakistan 

Every kind of biomass can be utilized as a substrate for biogas production as long as they enclose fats, 
carbohydrates, hemicelluloses, proteins and cellulose, as major components. The chemical composition, 
quality of biogas and the yield of methane mainly depends on the quality of feedstock type, time of 
retention, the anaerobic digestion system [12]. Biomass is a resource that can take part in a significant 
function in a sustainable and more diverse energy mix. Bio-power is the use of biomass to produce 
electricity. Bio-power systems have six most important types: pyrolysis, direct-fired, anaerobic digestion, 
co-firing, modular systems and gasification [13] 

 
As an agricultural country Pakistan is producing annually million tons of agricultural waste in the form of 
biomass such as maize stalks, cotton sticks, sugarcane trashes and bagasse, paddy and wheat straw, rice 
husk etc. with total 22.2 million ha cropped area. Available agricultural waste in Pakistan is almost 81 
millions of tons every year that has the capacity of electricity generation of 45, 870 million kWh [14].  
 
It is predicted that wheat, rice, cotton, maize, sunflower sugarcane, mustard, and canola crops in the 
country have biomass potential of 35.27, 9.24, 40.78, 8.5, 0.35 29.0, 0.20, and 0.13 million of tons every 
year, correspondingly. The Punjab has a surplus agricultural waste about 27.86 million of tons to 
generate 15,777 million kWh electric power per year. Pakistan has about 3000 MW of electric power 
generation likely in the industry of sugar while it is generating only 700 MW [15]. Thermal value of 
different biomass materials employing standard techniques have been shown in Table 2. 

 
Table 2: Heating value of some agriculture waste [15] 
Type of biomass Kcal kg_1 MJ kg_1 
Wheat straw 3800 19.4 
Rice husk 3040 11.5 
Sugarcane 3800 19.5 
Paddy straw 3000 11.4 
Cotton stalk 4700 17.8 
Maize stalk 
Maize cob 

3500 
3850 

13.6 
19.6 

Bajra stalk 
Gram stalk 
Masroor straw  

3950 
3810 
3980 

18 
19.4 
18.1 

There are several methods which can be introduced to produce energy from different feedstock (biomass) 
[16]. These processes can be divided into the following types as shown in Fig. 1.  

Fig 1.Energy production routes from wastes and their outputs 

Biomass is a sustainable renewable energy source and is widely available. Its production use has 
additional social and environmental benefits. If correctly managed, biomass can result in a significant 
reduction in net carbon emissions when compared with fossil fuels. The energy conversion efficiency of 
the conventional fossil fuel technologies can be high but they are quite inefficient in carbon conversion 
because of high CO2 emissions[17]. At present, Pakistan does not have a single biomass/waste power 
plant [18]. 
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3. Biogas technology 

Various applied biogas production processes are classified into two main categories, wet fermentation 
processes and dry fermentation processes. In wet digestion processes, the concentration of total solids in 
the fermenter is kept   less than 10%. These processes require completely stirred digesters. The digested 
material is pump able and can be spread on fields for fertilization. For the treatment of solid substrates, 
e.g., energy crops, the input must be mixed with liquid manure or recycled process water in order to 
achieve pump able slurries. Dry digestion processes are operated with total solids content inside the 
fermenter between 15% and 35%. All wet digestion processes are operated continuously whereas for dry 
fermentation, batch and continuously-operated processes are applied. Today, wet digestion processes 
dominate in the agricultural sector [19]. 

 
Weiland had proved that theoretical yield of gas varies with proteins, fats and carbohydrates (as given in 
Table 3). Only the substances with strong lignin organic like wood are not suitable for biogas production 
due to its slowly anaerobic breakdown. The experimental content of methane is normally higher than the 
hypothetical values because some part of CO2 is dissolved in the digestate [19]. 

 
Table 3: Real gas yields and theoretical contents of methane [19] 

Organic Substrate Biogas (Nm3/t TS) CH4 (%) CO2 (%) 
Carbohydrates 790-800 50 50 
Raw protein 700 70-71 29-30 
Raw fat 1,200-1,250 67-68 32-33 
Lignin 0 0 0 

 
The hazardous effects of organic waste on environment can be reduced by using anaerobic digestion 
method and it is a beneficial treatment method of wastes. The mutually action of different groups of 
anaerobic microbes results in the breakdown of complex organic matters into simple compounds such as 
CH4 and CO2 that are chemically stabilized. These different groups of microorganism such as 
fermentative, acetogenic, syntrophic and methanogenic bacteria are responsible to produce CH4 and CO2 

[20].  
 
There is a lot of Biogas potential in Pakistan. This technology can provide almost three times more useful 
energy than that produced by direct burning of dung. This technology can improve economic condition of 
the rural area population of the country. The other advantage is abating the emissions of GHG that would 
pollute the environment due to its direct exposure. This technology is environment friendly because it 
reduces emissions and develops healthy environment. 

4. Sources of Biogas 

There are a number of sources of biogas production, so we discuss them in detail: 

4.1 Biogas Production by animal dung 

Animal manure consists of moisture, organic material and ash. The decomposition of animal manure can 
be carried out in both aerobically and an an aerobically ways. In aerobically condition, it produces carbon 
dioxide (CO2) and chemically stabilized organic materials. However, in anaerobic way, stabilized organic 
materials, methane (CH4) and carbon dioxide (CO2) gas are produced. In Pakistan, cows, poultry farms, 
buffaloes, camels, goats, sheep and horses are the general sources of animal manure. Common use of 
animal manure in Pakistan is as a rich fertilizer to enhance the fertility of the land. However, the biogas 
generation under anaerobic conditions can help the people in rural area of the country. Additionally, 
slaughter house waste can be also used for the biogas production in order to generate electricity, on a 
small scale. The amount of manure from an animal in a day depends on its breed, age and feeding habits. 
This also implies that the amount of manure yielded changes with the temperature [16].  

It is estimated that the number of livestock and poultry are increasing day by day with a growth rate of 
2.88% in 2013–2014.Therefore, the extent of manure is also being produced positively [21]. Table 4 
shows Potency of livestock in Pakistan [41]. 
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Table 4: Annual livestock yield in Pakistan 
Types of livestock No. of livestock in millions 
Cattle 41.2 
Buffalo 35.6 
Sheep 29.4 
Goat 68.4 
Camels 1.0 
Horses 0.4 
Asses 5.0 
Mules 0.2 

 
There are 51 million animals (buffaloes, cows, bullocks) in Pakistan. Anaerobic fermentation of this 
animal’s dung can produce enough biogas to meet the cooking requirement of 50 million people. More 
than 100 million people out of total population of 170 million live in rural areas of Pakistan. Therefore, 
we can meet the cooking/heating needs of about 44% rural population from this single source of energy. 
Besides biogas, this technology produces 57.4 million kg nitrogen enriched bio-fertilizer daily, which is 
very essential thing for fertility of agriculture land [18]. 
 
Animal manure is considered as primary digestion substrate for biogas production. Rate of biogas 
production can be enhanced by co-digestion of animal manure and other organic materials like food 
waste [42].Animal manure or dung is an inexpensive feed stock and easily available in abundant quantity 
for anaerobic digestion to produce biogas, in any agricultural country like Pakistan. Poultry waste is also 
the best feed stock for biogas production [43].Graph shows the production of manure by different 
livestock. 
 

 
 

Fig.2. Production of manure per year by different Animals in kilograms [44] 
 

A cow/ buffalo can produce 15 kg average dung per day. 1m3 can be produced from 6 kg of dung, so 
single cow / buffalo can produce an average of 2.5m 3 biogas in a day [5]. An already mentioned 
assumption is that 2.5 KWh energy is generated from 1 cubic meter of biogas. Using that assumption 
51.3625 MWh/day energy can be generated from biogas in Pakistan with the help of currently installed 
plant by PCRET, while 35.625 million kWh/ day energy can be generated by utilizing the total potential 
of dung. In the Punjab, 4 MW electric powers is being generated from biogas [5]. 

4.2 Biogas Generation by Agriculture Waste 

Biogas production in the agriculture sector is a very fast growing market in Europe and finds increased 
interest in many parts of the world. In the next few decades, it will be the most significant renewable 
energy source, because it offers an economical attractive alternative to fossil fuels. The success of biogas 
production will come from the availability at low costs and the broad variety of usable forms of biogas 
for the production of heat, steam, electricity, and hydrogen and for the utilization as a vehicle fuel. Many 
sources, such as crops, grasses, leaves, manure, fruit, and vegetable wastes or algae can be used, and the 
process can be applied in small and large scales. This allows the production of biogas at any place in the 
world [19]. The farmers’ profit in this case is double since they treat properly their own residues, taking 
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advantage of the selling of heat and electricity as well as the utilization of a stabilized bio-fertilizer [22]. 
A large amount of agricultural wastes is being produced in Pakistan every year and this waste has great 
potential to produce high-value by-products. It is disposed in different ways like fuel for brick kiln and 
for cocking but anaerobic digestion is the best solution for agricultural waste generating efficient energy 
and preventing pollution. It is essential to inform the farmers about the suitable conditions to adopt 
according to local situations treating their own agriculture residues.  
Pakistan is world’s 5th largest sugarcane producer with an average annual production of 50 million tons 
cane and 10 million tons of bagasse. According to an estimate there are about 80 sugar mills having 
potential to generate almost 3000 MW energy through biogas generation but they are currently operating 
at 700MW [23]. The crops produce most of the residues that can be used to generate energy for example 
cotton produces cotton stalks; rice produces rice husk. Rice husk, rice straw and bagasse from sugarcane 
cover 46% of the total biomass energy potential [16]. The anaerobic treatability and methane generation 
potential of three different cotton wastes namely, cotton stalks, cotton seed hull and cotton oil cake were 
determined in batch reactors. In addition, the effects of nutrient and trace metal supplementation were 
also investigated.  The results revealed that cotton wastes can be treated an-aerobically and are a good 
source of biogas. Approximately 65, 86 and 78 ml CH4 were produced in 23 days from 1 g of cotton 
stalks, cotton seed hull and cotton oil cake in the presence of basal medium (BM), respectively. BM 
supplementation had an important positive effect on the production of biogas [24]. 

4.3 Biogas by food waste  

A roughly estimate shows that, about 40 percent of prepared food at different formal meal is wasted and 
thrown out at open places which can create many environmental problems. In wedding feast, people rush 
towards foodstuff and fill their plates and dishes with all types of food more than they can eat. Both 
guests and hosts are equally responsible for the food wastage at a formal meal and wedding feasts. 
Additionally there is a traditional practice in the Indian subcontinent that a rich host feeds his respected 
guests with healthy food. The UN Food and Agriculture Organization (FAO), has estimated that food 
wastage in developing countries is approximately 40 percent. All over the world, about 1.3 billon of 
tones food is wasted annually. In marriage halls, approximately hundreds of functions in the city area are 
held and on the host’s direction, delicious and delightful foods are prepared for the guests but they do not 
think about food wastage while eating and they waste food over 50 percent [25]. 
 
Amount of FW is increasing by increasing population and urbanization yearly [26]. Disposal techniques 
of this FW create serious problems and challenges for both food safety and environmental considerations 
because of the high moisture content in food and concerns [27]. FW from hotels, restaurants, houses and 
wedding halls can be used for biogas production due to its calorific value, high biodegradability and 
nutritive value to microbes [28]. 
 
The FW contains high moisture content (> 70%), Volatile Solids (> 95%) and high ferment ability [29]. 
Food waste mainly consists of organic materials such as proteins, carbohydrates, cellulose and lipids and 
also has varying amounts of suspended solids depending on the source and high biochemical oxygen 
demand (BOD) or chemical oxygen demand (COD). The system having excess amount of lipids gives the 
highest yields of CH4but retention time is very long. Generally, the food waste has lesser content of static 
contaminants such as sand, stones etc. On the other hand, food waste may lead to increase some other 
impurities like plastics and output may have high salt content. The methanization process boosts up with 
excess amount of proteins subsequently the reactors containing excess amount of cellulose and 
carbohydrates respectively. However, the excess amount of lipids and proteins impose inhibitory effects 
due to the volatile fatty acids (VFA) accumulation and ammonium nitrogen respectively [30]. 
 
Co-digestion of animal manure 25% with 75%of food waste can produce biogas of 14,653.5 ml/g-VS 
[31]. FW also contains some such organic soluble in very high amount that can be simply converted to 
VFAs. VFAs may cause severe drop in pH during digestion at early stage and slow down the 
methogenesis process [32]. In order to decrease the inhibition effect of organic acid produced, during 
anaerobic digestion of FW at initial stage, co-digestion technique of carbohydrate-rich feedstock with 
other organic or with two-phase co-digestion method is an effective way as already has been proven by 
Lu et al [33]. 

4.4 Biogas Production from Municipal solid waste (MSW) 
 
Municipal solid waste (MSW) consists of the mixture of inorganic wastes, fresh, safe and harmful, 
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quickly and slowly generated from different sources in metropolitan areas due to human being activities. 
The generation of MSW depends on seasons and the socio-economic behavior of households members. 
The amount of MSW in any city increases with increase in population, living standard and with the 
industrialization. The massive amount of MSW production is a severe environmental for the developing 
countries. Pakistanis facing very severe environmental problems too due to the rapid and uncontrolled 
generation of large amount of MSW and its mishandling [34]. In Pakistan, households, hospitals, 
commercial sites and industries are the main sources of MSW. To fix this MSW problem, Pakistan’s 
government has signed a contract with the Turkish Government to collect and manage solid wastes [16]. 
Table 5 describes the potential of MSW in the biggest metropolitan cities of Pakistan. The maximum 
power potential is available in big metropolitan city Karachi followed by Lahore, Islamabad, and Multan 
due to collection efficiency, the living standard and the living habits. The total estimated power potential 
in only10 main cities of the country is approximately equal to 242 million of cubic-meters. 

 
Table5Municipal solid waste (MSW) production in the main metropolitan cities of Pakistan [35, 36, 37, 38]. 

Cities Population (Millions) Wastes collected (ton) Organic waste (tonn) Energy  
(million m 3) 

Islamabad  0.74 225 216 22 
Rawalpindi 1.77 320 144 14 
Lahore 6.29 953 639 64 
Karachi 11.62 1378 716 72 
Peshawar 1.24 149 67 7 
Quetta 0.73 100 37 4 
Faisalabad 2.5 296 136 14 
Multan 1.45 325 211 21 
Gujranwala 1.44 128 51 5 
Hyderabad 1.39 374 206 21 
Total  29.18 4248 2423 242 

 
 
5. Uses of Biogas 
 
The both upgraded and raw forms of biogas can be used through different pathways. Commercially 
biogas can be utilized in: 

i. The generation of electricity with combined heating power (CHP) system or fuel cells,  
ii.  In industry it is used as  multi-generation of steam, heat, cooling and electricity,  
iii.  As inoculation in the gas grids,  
iv. Fuel for transportation   
v. For chemicals production.  

vi. For cooking and lightning in rural areas,  
vii.  To stabilize occasionally operated solar and wind systems of renewable energy [17] or (8) 

energy storage applications.  
 
In addition, other useful products of biogas include digestate used as organic fertilizers, organic fertilizer 
resulting poorly digestible biomass and bio hydrogen. Organic fertilizers and digestate are very useful in 
the systems of sustainable cropping whereas bio hydrogen is very useful in bio-refineries [39].  
The major energy Input to Output (PEIO) of small and large scale biogas methods of utilization ranges 
between about 4–46% and 1–34%, respectively, depending on the applied energy conversion systems and 
fossil fuel replacement. This wide range practicable by state-of-the-art technologies proposes the system 
that is based on biogas structure and the participation of procedure innovations play a major role in 
ensuring energy efficiency improvement and finally economic feasibility of biogas utilization systems 
[40]. 
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Abstract 

Biodiversity is one of the most important issues. For this reason Agenda 2030 focused on sustainable development of 
biological diversity and also on 22 May 2016, UN secretary-general in his message on international day for biological 
diversity, highlighted that it is an important cross-cutting issue. According to the message of UN secretary-general, the 
lives, livelihoods and well-being of people in all over the world is depend on the benefits of biological diversity and its 
protection. The importance of protection of biological diversity is to that extent that Goal 15 obviously emphasized on 
the necessity of stopping its destruction and introduced its protection as an essential factor for eradicating poverty, 
providing food and fresh water and improves urban life.  

Lack of protection of biodiversity cause direct and indirect pressure on it, for example: habitat loss especially fragile 
ecosystem, variation of surface and underground water flow, ground-water pollution, extraction of resources, erosion 
and sedimentation, biodiversity decline, and  reduction its traditional and recreational usage for local communities.It is 
clear that considering long term ecotourism effect on biological diversity is costly and time consuming; hence 
developing countries have shown less inclination to do it.This study aims to present the experience of developed 
countries on negative effects of ecotourism and their solutions. According to the pressures of negative effect of 
ecotourism on wild life during long term, to enable ecotourism policy makers to find solution to protect biological 
diversity against destruction effects of ecotourism it can be useful to consider the sustainable ecotourism pattern of 
developed countries 

© 2016 Mansoureh s. Hosseinia, Homira Agahb, Asghar Mobaraki. Selection and/or peer-review under responsibility of Energy and Environmental 
Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan.  
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1. Introduction  

The importance of biodiversity conservation to the extent that Goal 15 explicitly recognizes the importance of halting 
biodiversity loss and other Goals recognize the importance of biological diversity for eradicating poverty, providing 
food and fresh water, and improving life in cities.It is critical that we make progress in mainstreaming biodiversity and 
transforming how societies value and manage it[14].Tourism is now of the most rapidly expanding sectors within the 
world’s largest and fastest growing industry and is emerging as a growing sector of economic development. Yet tourism 
by the nature of the activities involved is considered by the natural resource base and infrastructure and by the pollution 
and other environmental impacts of tourist numbers.Large volume international tourism is primarily a phenomenon of 
the last fifty years and global mass tourism to develop on a large scale in the last two decades only. WTO (1991)statestics 
showed that at global level the number of tourist arrivals has risen from slightly over 25 million in the 1950s to 443 
million in 1990.The World Tourism Organization(WTO) reported that tourist activity in terms of number of visits has 
risen by 7% each year, with an increase of 12.5% in receipts,excluding international air fares.During the decade there 
has been an average growth rate of 4% despite the world recession.  Mass tourism is not without disadvantages.The 
impact of tourism, on the environment life,is often detrimental. This has been documented in a range of countries  both 
in the north and south,rich and poor nations. Therefore,it is important to assess not only the nature of motivation and 
attraction but also the feedback between them[11].The key benefits for conservation can be clustered into five areas 
including a source of financing for biodiversity conservation, especially in legally protected areas; economic justification 
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for protected areas; economic alternatives for local people to reduce over-exploitation on protected areas and wildlands 
and wildlife resources; constituency-building which promotes biodiversity conservation; and an impetus for private 
biodiversity conservation efforts[8]. Ecotourism has been regarded as a panacea for solving many of the environmental 
and economic problems of less developed nations. Yet, regardless of how socially and environmentally responsible 
ecotourism may be in theory, in practice it remains rooted in the tourism industry. The numerous problems associated 
with traditional tourism also occur in the planning, implementation and management of ecotourism projects . The 
following sections will examine the negative direct and indirect impacts ecotourism has been demonstrated to have on 
biodiversity. [2] 

2. DIRECT BIOLOGICAL EFFECTS OF ECOTOURISM ON BIODIVERSITY 

Ecotourists travel to spectacular and remote places where tend to be biodiversity-rich and fragile.Protection of 
biodiversity’s importance is because of human interest in pristine areas and wildlife.Ecotourism is believed to be 
environmentally friendly and because of that they’re precoutiouse about leaving the area as it was.It’s negative impact 
is on disturbance of species and animal’s behavior couse of human presence. Some of the negative impacts of tourism 
development including habitat loss, alteration of surface and underground water flow, ground-water pollution, extraction 
of resources, erosion and sedimentation, decrease in biodiversity, and  reduced traditional and recreational use for local 
communities.There is an increasing cuveilinear relationship between number of tourists and the impact on environment 
especially in fragile areas such as coral reefs, desert, sand dunes or tropical forests. For making money ecotourism 
ventures must attract greater number of visitors that leads to physical and ecological damage. Tourism will increase jobs 
but will also increase intensity of land use, reduce native vegetation cover, increase sport and commercial fishing, and 
increase general ecosystem stress . [2] 
One of tourist activity in about 118 maritime countries is recreational fishing that includes angling,gathering and etc.  
Despite the attractiveness of recreational fishing as a vehicle for sustainable economic development, in vulnerable 
ecosystems it can pose ecological risks. Unless recreational fishing is practiced responsibly, it can lead to a decline in 
fish stocks and habitat degradation. [10]  
One of the attractions of ecotourism is observation wildlife for example when they are foraging ,nesting or caring their 
young and human presence among these activities will disturb their normal behavior . due to human presence breeding 
birds may leave theire nests and eggs ,increase heart rate and loosing weight. [2]. 
Sometimes helicopters are used for recreational purposes, too much noise and different sounds disturb the lives of sea 
birds . Birds afraid of the sound then they leave their nest and eggs and can lead to loss of eggs.[13] 
In south island of new zeland tourists often come to see the breeding sites of yellow-eyed penguins (Megadyptes 
antipodes). The adult penguins that foraged food,return in the evening to feed their young. But in the presence of 
humans,they ‘ll delay their returning that leads to reduce the amount of food of youngs in their critical growth period 
that will couse their loosing weight and reducing survival in the long-term. [2]. 
Muller and colleagues (2004) showed that animals in different stages of development responded differently to human 
presence. They determined that adult hoatzins (Opisthocomus hoazin) in the Cuyabena Wildlife Reserve in Ecuador 
became accustomed to humans and were not negatively affected by their presence. However, both nestlings and juveniles 
showed an increase in stress levels, as evidenced by higher concentrations of plasma corticosterone. The chicks observed 
by Muller and colleagues in the ecotourist-exposed sites tended to have a lower body mass. They hypothesized that this 
was the result of the chicks’ repeatedly elevated levels of corticosterone, a steroid known to metabolize fat and protein 
reserves. Even if one ecotourist boat per day elicits hormonal stress reactions, juveniles will accumulate a considerable 
number of such disturbance evens in the weeks after they had left the nest.  Over time, the impacts that occur during 
early developmental stages may result in fewer chicks surviving to adulthood .[2]. 
Whalewatching defined by the International Whaling Commission( IWC) as any commercial enterprise which provides 
for the public to see cetaceans (whles,dolphins and porpoises) in their natural habitat,is one of fastest growing tourism 
products in the world. However, there is concern that whale watching is detrimental to the target species. Numerous 
studies have shown that cetaceans exhibit behavioral changes in response to whale-watching boat traffic. Some of these 
behavioral changes involve inhibiting biologically important behaviors such as feeding and resting. There is convincing 
evidence for some species that these can translate into population-level effects such as reduced reproductive rates. Whale 
watching can also cause direct mortality through collisions between vessels and animals.[3] 
Watkins (1986) researched in Cape Code ,Massachusetts,USA, over 30 years. He compared whale behaviour befor and 
after initiation of  whalewatching and found whales responded primarily to underwater sound, light reflectivity and 
unexpected tactile sensation. The rate of habituation was often rapid, but varied  with individual and stimulus, and 
different species had different responses to vessels.He suggested that changes in whale behaviour have been gradual and 
therefore emphasised the need for long-term monitoring.Blane and Jaakson(1994) recorded avoidance responses by 

Sample output to test PDF Combine only



4th International Conference on  

Energy, Environment and Sustainable Development 2016 (EESD 2016)  
 
belugas(Delphinapterus leucas) to tour boats in the St Lawrence River, Quebec,Canada. These included bunching 
together, longer dives and shorter surfacing time.Researces showed whalewatching vessels affected the behaviour of 
humpback whale (Megaptera novaeangliae) migrating through Hervey Bay, Australia ,specially in the case of whales 
with calves.Hector dolphins (Cephalorhynchus hectorii) readily approached dolphin boats but their behaviour 
changed,with less frequent approaches . [4]  
Mastny’s research showed whale-watching boats pursue whales and dolphins and may even encourage petting, altering 
the animals’ feeding and social activity. In the Caribbean, some sharks, manatees, and other marine species have lost 
their natural fear of people because tour guides feed them to ensure that they will remain in tourist areas. [2]. 
Polar bears (Ursus maritimus) in Manitoba are an integral part of the Canadian ecotourism industry.  Polar bears feed 
mostly in the water to store energy and live off of their fat reserves while on land. Baydack and Dyck (2004) analyzed 
the changes in vigilance behavior of resting polar bears due to human presence.  Their study found that unnatural 
stimulus from only a few tourist tundra vehicles elicited significantly higher vigilance behavior and consequently 
decreased the bears’ time spent  resting, which in turn could result in higher metabolism and heart rates, thus depleting 
their limited energy reserves. Additional increases in vigilance ‚could have an effect on individual fitness if bears tend 
to stay in tourist-rich areas for a prolonged period of time, especially if individual bears are exposed repeatedly to these 
stimuli. [2] 
The impacts of poaching, particularly of top predators, include the disruption of the trophic structure within ecosystems, 
and clearly affect the habitats of these ecotourism areas . [2].In the forest-tundra areas of the Arctic, tourism, including 
sport hunting and fishing, attracts moderate though increasing numbers of visitors. This places additional pressure on 
the region’s resources, sometimes leading to conflicts between local  and visiting hunters. The forest-tundra in general 
has a low tolerance for trampling. Even the temporary presence of humans often leaves a lasting impact. .[13] 
Divingis as a leisure activity is one of the export opportunities that has increased significantly over the last 30 years,but  
concerns have been raised over the impact of dive tourism on marine biodiversity. For example, large-scale diving 
activity in the Red Sea has had a direct negative impact on corals including increased  sedimentation and broken and 
damaged corals [10].Snorkeling activit ies showed a low level of contact with the benthos at the sites monitored. On the 
other hand, during SCUBA diving*, a high level of contact with the benthos was observed. Actions taken to improve 
the conduct of divers could result in a decrease in these occurrences, especially in zones with fragile benthos. We 
recommend that special attention be paid to visitor behavior when near white-tipped sharks, whale sharks , marbled 
rays,stingrays, and green sea turtles, as these are the species that are most pursued and most show evasive behavior[1]. 

3. Indirect Effects of Ecotourism on Biodiversity 

Even at its best ,ecotourism has indirect effects on biodiversity . Habitat loss, through fragmentation, degradation, or 
total destruction, is the primary cause of the loss of biological diversity worldwide .Some of these indirect effects are 
improper solid waste disposal, depletion of water resources, deforestation and overgrazing, and visual pollution, erosion 
of paths and trails, and increased greenhouse gas emissions from air travel . Many tourist facilities in the developing 
world possess limited or no sewage treatment facilities, in part because of weak environmental legislation or a lack of 
money, monitoring equipment, and trained staff . A 1994 study conducted by the Caribbean Tourism Organization 
revealed that hotels in the Caribbean region released 80–90 percent of their sewage directly into coastal waters, near 
hotels, on beaches and around coral reefs and mangroves without adequate treatment.[2] 
The increasing proliferation of plastic,metal, and glass has been exacerbated not only by careless disposal of trash, but 
also by the increased non-biodegradable litter.In 1996, a recently formed local NGO has organized a cleaning campaign 
in the trail route and they can fruit juice and 100 kg of bottles during fall season.[11] Garbage, waste, and pollution are 
significant problems for many tourism operations, especially as decomposition is slow and waste remains visible atop 
the permafrost in many Arctic areas[12] . 
Research to date describes impacts of marine debris on 663 species. Over half of the species assessed document 
entanglement in and ingestion of marine debris.When considering the types of material reported, three quarters of all 
studies reviewed described encounters involving plastic debris.Of the 120 marine mammal species listed on the IUCN 
Red List 54% are known to have been entangled in or have ingested plastic debris.Microplastic as one of the top global 
emerging environmental issues.Plastic particles breaking down into nano-sized particles may also impact the bottom of 
the food web upon which the ocean and global climate depend. Nano-polystyrene beads can inhibit photosynthesis and 
cause oxidative stress in algae.Other research indicates plastic debris can absorb persistent organic pollutants (POPs) 

 

 
* self-contained underwater breathing apparatus 
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from the ocean and that these hemicals can reach high levels of concentration. [5]. 
Evidence shows that severe degradation of the environment has occurred in the trail route and some parts of Sikkim 
Himalaya as a result of tourism.If visitor number increases and physical environment will be more severe.In the trekking 
corridor,one of the major impacts are trailside litter. The Yuksam-Dzongri-Goechha La trail route is facing serious trail 
erosion problem during the rainy season,resulting from excessive wood cutting,over use because of hiking and heavy 
grazing.[11] 
The diminished availability and quality of water sources for human consumption indicates that water resources in this 
area have not been well managed and could lead to the degradation of aquatic ecosystems if the increased demand for 
water sources results in the usage of naturally occurring lakes or streams for drinkable water.[2] 
Global climate that results in large part from increased burning of fossil fuels as a source of energy ,change alters habitats 
and the distributions, ranges, and demographics of many populations. In a study of the global effects of ecotourism in 
Seychelles, Gossling (1999) examined the ecological footprint of air travel to this ecotourism location and found that 
97.5% of the ecological  footprint of tourists traveling to Seychelles was due to air travel greenhouse gas emissions. In 
another study by Gossling and colleagues (2002), the researchers concluded that the contribution of tourist transport by 
air to increased carbon dioxide emissions should be calculated when considering the costs of ecotourism, and they noted, 
that this cost is substantial. it is important to note that the great distances traveled by air by ecotourists are contributing 
to the increased greenhouse gas emissions, global warming and climate change, and indirectly to habitat quality. [2] 
Boating activities are one of the causes that threaten seagrass meadows and the ecosystem services they provide. 
Mechanical destruction of seagrass habitats may also trigger the erosion of sedimentary organic carbon (Corg) stocks, 
which may contribute to increasing atmospheric CO2. The study on rotness island ,western Australia from 1930 onwards 
showed that The Corg stores have been compromised by the mooring deployment, which involved both the erosion of 
existing sedimentary Corg stores and the lack of further accumulation of Corg. [10] 
A study was set up in summer 2004 in the marine reserve of Cape Creus (Mediterranean Sea) to estimate the 
environmental impacts of boating showed that the large numbers of recreational boats (most of which are motor 
powered) that can be found affect the marine environment and on average, between six and 34 shoots were destroyed 
during an anchoring cycle depending on the anchor size. Even though we cannot assess the loss of these meadows due 
to anchoring because we have not evaluated how many shoots are being destroyed during an anchoring cycle and 
shoot density is unknown, our results indicate that Posidonia oceanica meadows are suffering from mechanical 
damage caused by anchors because half of the recreational boats are deploying their anchors on them. Heavier 
anchors, which are used by larger boats, sunk deeper into the seagrass matte during lock-in and inflict more damage to 
P. oceanic meadows. [7] 
Nature tourism has great potential for negatively impacting animals as tourists seek out rare and spectacular species. 
Ecotourism-induced stresses on animals may result in changes in population densities, species composition, and 
community structure. Tikal National Park is visited extensively by tourists, most of whom are concentrated around the 
Mayan ruins. Potential impacts of tourism in Tikal were evaluated by comparing the population densities of select 
species of mammals and birds in two regions of the park, with and without tourist traffic. Densities were estimated using 
visual line transects and distance sampling methods. Trends show the impact of ecotourism is species specific, with 
some species increasing in density, some decreasing, and others unaffected. However, trends do show that the effect of 
tourists on animal densities appears to be species specific. Some populations increase in areas with tourist activity, some 
decrease, and some show no apparent difference. Habituation of animals in the ruins due to human presence and a 
probable decrease in predation pressure on these animals are likely causes of their increased densities. This in turn may 
have secondary effects on the species composition of the ecosystem, including the flora, due to changes in distributions 
of herbivores and of seed dispersers[9]. 
The discharge of bilge water, which can contain gasoline and oil that are toxic for many organisms, and motor noise, 
which disturbs fish and other wildlife such as seabirds and marine mammals, may threaten the marine environment of 
Cape Creus (Mediterranean Sea). In addition to this, pollutants from vessels such as sewage, toxic antifoulings and grey 
waters can adversely affect water quality and health of organisms. [7]   
True ecotourism  models minimally impact the environment in Botswana.  
Botswana is unique in that most of its biodiversity remains intact, with a higher percentage of its total landmass 
conserved than any other country. Botswana achieves this level of protection primarily through ecotourism, which 
operates at several levels in working toward biodiversity conservation. Government policy on tourism aids ecosystem 
conservation in Botswana by employing a high-income, low-volume tourism policy. 
Botswana has used ecotourism as a tool for biodiversity and grassland conservation. The ecotourism industry in 
Botswana is diverse and  exploits a range of activities other than large-mammal “game viewing.” Private protected areas 
also play an increasingly important role within the ecotourism Indus try of Botswana and in particular within the Kalahari 
. Many private landowners in grassland-dominated systems in which “big game” are absent successfully converted from  
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livestock ranching to ecotourism. Cattle producers on  private protected areas have experienced limitations to efficient 
beef production and have developed other forms of income in particular, but not exclusively, ecotourism . These private 
protected areas vary in size from 60 km up to 600 km , with ecotourism taking many forms, such as photographic, 
cultural, and archeological. Other ventures have included ostrich (Struthio camelus ) farming, crocodile and fish farming, 
game farming, hunting, and  collecting and selling natural resources products such as honey, wild fruits, and medicinal 
plants. [6]. 
 

4. Conclusions and recommendations 

   According to the new report, produced jointly with the International Ecotourism Society, there are serious concerns 
that the rapidly growing tourist industry is promoting environmental degradation by putting extra pressures on land, 
wildlife, water and other basic necessities. The following are some of the suggestions for fostering sustainable tourism 
development : 

• Planning is one of the most important factors to achieve sustainable ecotourism. Tourism development planning 
is often  directly response to unwanted effects, especially at the local level.It’s important that planning 
potentially minimizes the negative impacts and maximize economic returns in tourist destination on long-term. 

• Fund research on ecotourism's developmental and environmental impact. Information is needed to demonstrate 
to decision-makers the economic contributions nature tourism can make. Better understanding of the impact of 
ecotourism (such as in resort development) is needed to regulate and enforce against environmentally damaging 
investments. 

• Education is a crucial ingredient in strategies for integrating biodiversity conservation and ecotourism. 
Customers,tour operators, and local guides all need to be educated about proper behavior and practices in 
environmentally and culturally sensitive areas. 

• Conservation biologists can help engage  societies in conservation efforts by striving to achieve three goals: 
adjusting the public’s perception of biodiversity, increasing public participation in biodiversity conservation, 
and encouraging ecotourism by tour packages to develop conservation and local.  

• In coastal areas, It is necessary to ensure the sustainable tourism with particular regard to the principles of 
Integrated Coastal Zone Management to protect vulnerable areas such as small islands, coral reefs, coastal 
waters, mangroves, coastal wetlands and beaches. 

• Ecotourism needs to be well planned and managed with the aid of spatial information technologies such as 
Remote Sensing (RS), Geographic Information System (GIS) and Global Positioning System (GPS). 

• Recreational carring capacity is a necessary technical management tool for the public use of recreational areas 
and sustainable use of resources special for fragile areas that are promoted as tourist attraction.  

• A joint management within all responsible departments (Forest, Tourism, Environment & Local govt.) required 
for monitoring, evolution and development 

• Guidelines and selected good practices to conserve these unique wilderness areas through the regulation and 
management of tourism.  

• It is important annual monitoring and to analyze population dynamics of the megafauna species targeted . 
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Abstract 

Nowadays, energy crisis and volatility of fuel price badly affect the economy of the country, including 
the agriculture sector of Pakistan. The agriculture sector is the backbone of Pakistan’s economy. There is 
a huge potential of biomass in agricultural countries like Pakistan, which can solve this problem easily. 

This research work presents comparative analysis between conventional diesel water pumping system 
and Bi-fuel water pumps in a village of Mirpurkhas for irrigation.  Diesel engine can switch on Bi-fuel 
blend easily (biogas 90%+diesel 10%) which can use in existing engines with minor modification at low 
cost. 

Annual fuel savings of the proposed system has been estimated as 5,470 litres and annual fuel cost saving 
Rs.626, 787. The simple and equity payback periods have estimated as 0.3 years. Annual reduction in 
GHG emissions has been calculated as 6.6 tCO2. 

Therefore, this study concluded that the proposed water pumping system is more economical and eco-
friendly than existing conventional diesel pumping system. 

 
© 2016 “Rafay Rushail”Selection and/or peer-review under responsibility of Energy and Environmental Engineering Research 
Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
 
Keywords: Bi-Fuel, Biogas, Water Pumpimg System, RETScreen 

1. Introduction 

Pakistan is an agrarian country and the agriculture sector is being contributing 21% share to GDP and 
employing 44% of the workforce [1].In country, 1.1 million tube wells are installed to fulfil the water 
necessity for irrigation, where out of which 25% are grid electricity, where 75% are diesel-based [2]. 
Nowadays, Pakistan is facing the energy crisis by widening supply and demand gap, oil transporting and 
storage and volatility in fuel price. The Primary commercial energy supply mix during the year 2011-12 
did not change much when compared to the previous year. The share of each source was oil: 30.8%, gas: 
49.5%, LPG: 0.5%, coal: 6.6%, hydroelectricity: 10.5%, nuclear electricity: 1.9% and imported 
electricity: 0.1% [2, 3]. The share of the transport sector is 31% in the consumption of energy, which 
included agriculture diesel consumption. It badly effects on the environment and increment in the fuel 
taxes indirectly distress economy [3]. 
The data of carbon emission in Pakistan estimated through econometric technique referring by different 
theories, from year 1975 to 2010. The result shows that along with all the agricultural technologies, 
agriculture sector shares largest part in CO2 emission. [4] 
Biogas is an outstanding and economical fuel to both petrol and diesel engines. Dual fuel engine is 
flexible in switching over Bi-fuel blend to pure diesel and vice versa. The dual fuel engine started on 
diesel fuel only after that switch to biogas at the required rate [5]. 
Diesel engines are installed in large quantity for water pumping on irrigated fields, which can easily 
switch to methane gas by modifying the engine externally only  which have; gas choke to regulate fuel 
and air pipe to inlet the fuel at the suction stroke[5]. It does not require internal modification hence does 
not use higher capital cost. 
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As an agricultural and populous country, Pakistan has numerous sources of biomass, which is more 
suitable for power generation in this meantime. The main sources of biomass are agricultural residues, 
animal waste and municipal solid waste [6]. In Pakistan, biogas has the potential of 5.97 MTOE annual 
energy output. [7] 
The dairy waste is the substantial area of power generation. The technology uses to dig out energy from 
cattle and dairy waste through biogas production by using anaerobic or aerobic digestion process. This is 
well entrenched in our society. The other advantage of this technology is that, it can be used on CHP 
system and its by-products can be used as fertilizer. The manure produced in Pakistan as shown in Table 
I. 
 
Headings of tables should be placed above tables, centrejustified. Leave one line space between the 
heading of the table and the table. Only horizontal lines should be used within a table, and tables should 
look like the following example: 

Table 1.Manure production average data of Pakistan (Aziz et al, Dawn economics, 2013, Pakistan 
Year Dairy Manure produced (Tonnes/year) 
2006-07 322,039,500 
2007-08 333,044,250 
2008-09 344,443,200 

Although, installation of large centralized biomass power plants is difficult, so we can overcome this 
problem by using small power plants. This is the only way to overcome energy crisis at low cost with 
environmental benefits. 

Biogas has proved as one of the best renewable energy sources. Biogas consists of 50-70% methane 
(CH4), 30 35% carbon dioxide (CO2) and traces other gases [8, 9]. Anaerobic digestion involves the 
degradation and stabilization of organic materials under anaerobic conditions by microbial organisms and 
leads to the formation of biogas (a mixture of carbon dioxide and methane, a renewable energy source) 
and microbial biomass. The anaerobic digestion process contains organic matter in a covered tank in the 
absence of oxygen takes place to produce biogas[10,11]. 

2. Existing Water Pumping System 

Data of wells collected from different departments such as Agricultural Engineering, Sindh Irrigation and 
some private contractors. After considering different factors, one well selected for analysis, which was 
operated on diesel fuel with following parameters as in Table.2. In the research village khan was selected 
for a model with suitability. Diesel price is selected by Government of Pakistan, 2014 that is 114 Rs/litre. 

Table 2.Data of water well (Agricultral Engineering Department, Sindh) 
Well Location Khan, Mirpurkhas 
Use  Irrigation 
Depth (ft) 55 
Static suction Head (ft) 50 
Total  Head (ft) 70 
Water demand of Village 
(gpm) 

1000 

Delivery pipe (in) 6 
Pump (local manufacturing) Vertical Turbine Pump 
Impeller size (in) 7 

Table 3.Engine specification (Agricultral Engineering Department, Sindh) 
Engine rating 19kw @ 2200RPM 
Using 6hr/day in a week 
Coupling connected by V-belt (c-190) 
Annual  operational hours 2,190 
Fuel consumption rate 3lit/hr 
Annual fuel consumption 6,570 lit 
Annual fuel cost Rs 748,980 
Engine rating 19kw @ 2200RPM 
Using 6hr/day in a week 

3. Proposed Water Pumping System 

This proposed system presented the project idea to switching a diesel engine system to bi-fuel for the 
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under discussion water pumping system of the selected village. There is a large amount of organic waste 
being produced and possibly polluting the water supplies due to the presence of parasites and pathogens 
in the animal dung along with the added responsibility of disposing the waste. Simply using the waste as 
fertilizer on the field will pollute the water and may transmit diseases, lowering the quality of health on 
the village. So, it is better to build an anaerobic digester to produce biogas for power and end products 
for fertilizers. 
 
It is possible to run a diesel engine on a bi-fuel (biogas/diesel) blend, [e.g., 90% biogas, 10% diesel] by 
using a modified diesel engine. The engine runs by injecting biogas into the engine on the air intake 
stroke (since the methane does not ignite upon compression). The diesel is injected and ignited, which 
then ignites the biogas, effectively acting like a spark plug. There is no need to internal modification of 
CI engine [12]. 
 
Biogas can be used in both spark ignition and compression ignition engines.  The exact amount needed 
depends upon the methane content of the biogas.  Biogas will not self-ignite in a diesel engine.  
Therefore, it is necessary to use a little diesel (approximately 10 per cent) to ignite the fuel.  The biogas 
enters the engine via the air inlet system, after the air filter.  This needs a small modification to the air 
intake system.  After the conversion, the engine nominal output is not de-rated. 
For this purpose use RETscreen4 software, which is available free of cost for economic and 
environmental analysis. 
 

 

Fig.1. Layout of Bi-fuel water pumping system, source: Gopal et al, Renewable energy source water pumping systems-A 
literature review 

3.1. Fuel Composition and Biogas Production 

The 19KW of power engineis installed and annual operational hours are 2190 hrs. The diesel fuel price is 
114 Rs/litre (GOP, 2014) as per discussed in existing pumping system. The software calculates the heat 
rate 10,421kj/kwh at higher calorific value by using fuel rate and power. The annual fuel required is as 
biogas 22, 618 m3 and 1,100 litres diesel. 

 

 

  

 
(a)  (b) 

 
Fig. 2. Energy Analysis by RETScreen4 
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The biogas produce by the bio waste, here we only consider dairy waste of the village and the quantity of 
dairy animals are 100. 

 

 

Fig.3. Biogas production evaluation by RETScreen4 

3.2. Emission Analysis  

Emission analysis of bi-fuel diesel engine by the use of bogus (90%) as an alternate fuel for the proposed 
water pumping system. The GHG emission factor for diesel is 0.252 (RETscreen). Gases like water 
vapour, carbon dioxide; methane (CH4), ozone (O3) and nitrous oxide (N2O) into the earth’s atmosphere 
permit the passage of incoming solar radiation but prevent outgoing radiation from earth to space. This 
effect is similar to a greenhouse of glass, so the phenomenon is called greenhouse gas effect and gases 
responsible for global warming. The temperature of the earth is being increased about 0.2 to 0.3 degrees 
Celsius over the last 40 years [13]. 

 
Fig. 4. GHG Emission Analysis by RETScreen4. 

3.3. Economic Analysis 

This analysis has been done on the basis of financial parameters like inflation rate, project life, initial cost 
and annual fuel cost. An Inflation rate of 7.9 percent (2014, GOP) is used for financial analysis, which 
fluctuates according to market prices of general commodities and is evaluated every week. The project 
life is taken as 20 years, which is the duration over which the financial viability of the project is 
evaluated. Depending upon the circumstances, digester has a life of 20-25 years. The initial cost of the 
proposed system (cost of bi-fuel kit and anaerobic digester) is taken as Rs. 140,000 according to the 
market value (A&J) international, Islamabad. Total annual diesel savings and Total fuel cost saving have 
been calculated as per the equation 1 and 2.savings, income, and financial viability are evaluated below. 
Although systems based on these resources have high capital costs as compared to traditional petrol or 
diesel-based water pumps, over a 20year project life, the analysis indicates that ongoing fuel costs 
savings for a fossil fuel system greatly be more important. [14,15]. 
The total annual diesel savings are 5,470 litres and Annual financial savings are Rs. 623,568. Cumulative 
cash flow is visualized by the cash flow graph as shown in fig. 6. The cash flow is positive as simple and 
equity payback period is 0.3 years. 
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(a)  (b) 
Fig. 5. Financial Analysis by RETScreen4. 

 

4. Result and Discussion 

Switching a diesel engine to bi-fuel engine not only provides energy at low cost, but also reduces GHG 
emissions at the same time. An energy model of biogas production is estimated according to the 
availability of dairy waste, which is also compared with the diesel fuel. The following results have been 
obtained to analyse the feasibility of the proposed system. 
In the proposed system, diesel oil used 10 % as pilot fuel and remaining 90% biogas used as alternative 
fuel. The main fuel, biogas is produced by dairy waste, which are available abundantly in that area. 
Therefore, the precious fossil fuelsmay be saved. 

• The annual diesel fuel savings are 5,498 litres, which is beneficial for the environment and 
reduces the price of oils by reducing the demands. 

• In case of Bi-fuel engine, net annual GHG emission reduction is 6.6 tCO2. Therefore, during the 
entire life of 20 years, the proposed system will be able to reduce GHG emission at 132 tCO2. 

• The total annual savings and income from the proposed case is Rs. 626,787.  
• Simple payback and equity payback periodor 0.3 years. 
• The end-product of the anaerobic digestion system is an organic soil conditioner which can be 

appliedas fertilizer for agriculture sector. 

5. Conclusion 

The study leads to the conclusion that the system will be launched on a large scale in the Pakistan, so it 
can be helpful in the economy of the country as well as environmental protection. It has an advantage 
over a fully biogas system that is;  it can easily switch to the diesel fuel at any time during trouble 
shootings.The biogas production is more than consumption,  hence; it can be used for other purposes. 
The payback period is also favourable, as less than four months. After the four month period, saving 
money can lead the prosperity. 
It reduces GHG emissions as 6.6 tCO2. It is a small value, but it will be appreciated at large scale. This is 
equivalent to 1.2 cars and light trucks not used or 2,851 litres of gasoline not consumed annually. 
From the results, It is preferable to these projects where capital cost is less to install the whole system by 
modifying the engine easily, besidesthe use of bi-fuel pumps 
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Abstract 

Pakistan is a rich country in the date palm  production and hence a large amount of date seeds is 
generated still now there is no any proper solution to utilize these seeds, it was observed that these seeds 
have great potential for the conversion to biofuels owing to its abundance and favourable composition 
.Hydrothermal is the wet pyrolysis process of biomass, a new idea of co-solvent hydrothermal 
liquefaction was performed using the methanol with water that could successfully produce the yield of 
Phenolic compounds. Purposed based equipment was designed and fabricated in which process 
parameters can be observed easily. Bio-char is by-product of this process which has higher amount of 
fixed carbon and calorific value than that of parent date palm seeds; bio-char has great importance as 
solid bio fuel. The parameters observed were reaction time (10-30 min) and residue time is 24 hours, 
reaction temperature (110oC to 220oC), methanol water ration (1:1 to 2:1), NaOH concentration in water 
(0.95M- 1.8M) NaOH acts as catalyst.      
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Technology, Jamshoro, Pakistan.    

Keywords: Hydrothermal Reactor, Bio-char, Product yield, Palm date seeds   

1. Introduction  

The increasing demand for energy has tend to exhaustion of  fossil fuel sources  [1],that  may cause to  
deplete soon due to continuous use since long [2]. And an increase in energy demand also leads an 
increase in crude oil prices which will effect on the world economy [3].these reasons led to a move 
towards renewable sources of energy that should be sustainable, efficient and cost-effective energy [4]. It 
has been observed that among the renewable sources that can be sustainable for fossil fuels biomass is 
second to none. Abundance, environmental friendly, sustainable and low cost has promoted biomass to 
gain more attention for research [5]. In the past, biofuel used to be produced from edible resources like 
soybeans, canola oil, animal fat, palm oil, corn oil and low grade cooking oil and jatropha oil [6]. 
However, attempts are now made towards biofuel production from non-food crops, microalgae macro 
algae [7] .Bio oil from date palm seeds is a promising new source biofuel. Dates have been a staple diet 
in the Middle East and Pakistan for thousands of years [8]. The world production of dates has increased 
considerably during the last 30 years. Indeed, the production has tripled from 2,289,511 tons in 1974 to 
6,772,068 tons in 2004 [9]. Pakistan one of the top ten countries in palm date cultivation ,total cultivation 
area for palm dates is about 223880 acres and production is  about more than 531200 tones (in 2010); 
mostly three districts are major date producers kahairpur, gawadar and turbat districts[10]. 

Preliminary process studies on the conversion of various types into liquid fuels have indicated that 
hydrothermal upgradation (HTU) is more attractive than pyrolysis or gasification. [17]. Hydrothermal 
reaction produces three types of products gaseous products , liquid bio-oil and solid bio char ,the gaseous 
products are not observed here in this work , when liquid bio-oil is main product the process is called as 
hydrothermal liquefaction and when the [11]. The chemistry of hydrothermal liquefaction is complicated 
and highly substrate dependant and will be addressed in the following sections. The main products are 
bio crude with a relatively high heating value, char, water-soluble substances and gas. Addition of 
various alkaline catalysts can suppress char formation and thus improve oil yield and quality. As the 
temperature is increased above that of the critical point of water, gasification becomes the dominating 
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process [12]. In this study the hydrothermal process was applied in the presence of alkali (NaOH) 
solution and methanol to get phenolic and ketonic compounds in the liquid yield.  
 

2. Materials And Methods  

2.1. Date seeds biomass collection 

Area of khairpur district was selected for the material collection; raw material (dates) was purchased 
from local market of kairpur city. The seeds were physically isolate from fruit by hands. Seeds were 
soaked in tape water for 2 hours and then washed several times with distilled water to remove any 
remaining date material. Later then seeds were air dried at room temperature and then dried in oven at 
105oC for 24 hours to remove the moisture present in seeds. The dried seeds were ground and sieved and 
particle size for reaction was selected 4500µm<x<5000 µm  

2.2. Reactor fabrication and configuration  

A purposed based autoclave reactor was fabricated to carry out the reaction. The high pressure stainless 
steel (SS 316) autoclave reactor with a capacity of 3.5L [1]. This autoclave reactor is 40cm deep and 
diameter of 24cm, maximum temperature and pressure capacity are 500oC and 100 bars respectively. At 
the top of the reactor condensing vessel was fixed with mechanical press machine ice is placed in the 
condenser to condense the high pressure vapours in the autoclave reactor, tow valves have to be fixed for 
inlet and out let of chill water in case of chiller connection, the temperature range of chilled water is from 
3 oC to 8 oC. A 2500 Watt heater was used for heating purpose, tow bimetallic thermocouples are to be 
installed in the equipment one is for the temperature reading of reactor the range of this thermometer is 
up to 400 oC and second thermometer is for the condenser that can sense up to 100 oC. The pressure 
gauge at the top of reactor vessel is installed that can measure the pressure of up to 10 bars. Two valves 
at the top of the reactor are fitted one is for gaseous products collection and other is for nitrogen purging 
and both valves are optional. A turbine Stirrer with 5cm wide and 1.75cm thick connected with a 25cm 
long shaft with 400rpm rotation was used to mix the reactants uniformly during the reaction. 

2.3. Testing methods and Raw material characterization of palm date seeds  

The physical and chemical characteristics of the raw palm date seeds and Hydro char was examined to 
observe the effect of raw material on hydrothermal reaction. Moisture content was determined according 
to the ASTM E1358 -97 (2013) in microwave oven at 105 oC. Ash content was measured by ASTM 
method numbered E1755-01(2015) by combusting the biomass at 650 oC for 6 h in open crucibles on a 
dry weight basis. The volatile matters was determined by placing dry biomass inside a muffle furnace  at 
550oC for 12 h to measure mass loss due to volatilization of volatile components. While fixed carbon 
content was calculated as the residue remaining after volatile matter release in the biomass. The 
elemental analysis was performed to measure the carbon, hydrogen, nitrogen and oxygen by using the 
stable Isotope elemental analyser, all calculations and measurement was observed in triplicates at room 
temperature (23 + 2), Gas Chromatography and Mass spectroscopy (GC-MS) test was performed to get 
the analysis of bio-oil liquid  

The Palm date seeds have low ash content as 1.14% moisture is about 8.9% and it was observed that 
these seeds have higher volatile materials that are about more than 65% and about 25% fixed carbon this 
composition of seeds shows that palm date seeds have great ability to produce a good quality of bio-oil 
liquid fuel the solid bio char as by product produced form hydrothermal reaction have higher calorific 
value than that of parent seeds. The results of raw date seeds and solid biochar are given in table 1. 

Table 1. Ultimate and proximate analysis of raw palm date seeds and biochar at different temperature 

Parameter  Raw date seeds Bio char at 170 oC Bio char at 200 oC Bio char at 220 oC 
Moisture content % 8.9 9.1 6.7 5.2 
Ash content % 1.14 1.2 1.1 0.9 
Volatile content % 65.4 43 42 40.2 
Fixed carbon content % 24.8 34 36.2 39.1 
C % 28.3 31 33.3 34.8 
N % 0.7 1 0.8 0.6 
H % 7.35 6.4 6.1 6.8 
Higher Heating value (Mj / Kg) 11.3 15.8 19.2 21.2 
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Fig. 1. The process flow diagram of bio-oil and solid residue production from palm date seeds 

2.4. Biofuel preparation 

Alkali solution of NaOH was prepared with concentration of 1.5 Molarity in demineralized water mixed 
with  methanol in various ratios ranges from 1:1 to 3:1by vol% and bio mass to cosolvent  ratio ranges 
from 1:3 to 1:6 crushed seeds with particle size between 4500µm to 5000µm and this solution was 
poured into the reactor for reaction. Cosolvent with 1:1 ratio and prepared biomass feed sample was 
mixed the ratio of cosolvent to biomass was 1:3 in high pressure autoclave reactor the mixture was stirred 
with agitator at 350 rpm to mix the solution and biomass feed before starting the reaction . 

The reactor was heated with connected heater with increase rate of temperature at a 10oC per minute. The 
chilling water was circulated at the top condenser to control the pressure in this way solvent vapour that 
was continuously produced by heating the mixture was condensed and returned to bottom of reactor and 
again vaporized. The chilling water circulation was started, the inlet chilling water temperature was 5oC 
to 8oC and circulation chilling water rate was 10 to 12 litres per hour the reaction temperature was 
ranging 130 oC to 210 oC and reaction time was 20 minutes to 40 minutes in the series of experiments. 
Then the heater was switched off and reactor was cool at room temperature when the reactor achieves the 
25+1 oC the product in the form of slurry of solid residue and bio-oil were removed from reactor 
manually, the gaseous products were not observed and therefor they were vented out. The solid filter 
cake that is biochar was placed in oven at 250oC for 12 hours to dry it then both products liquid bio- oil 
and solid bio char was further characterised. The flow diagram of the process is given in fig 1. 

2.5. Yield percentage  

Products of the reaction, liquid bio-oil and solid biochar that were weighed and yield percent of the 
product from palm date seeds were calculated by the following equations 

Yield of bio-oil (wt. %) = (Wbl/Wf
 ) x 100    (1) 
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Yield of biochar (wt. %) = (Wch/Wf
 ) x 100    (2) 

3. RESULTS AND DISCUSSION  

In this reaction of date palm seeds with alkali NaOH solution and methanol, two different products was 
achieved we have liquid bio-oil and solid biochar we have considered the bio-oil as main product and 
solid biochar as by product and both have the different effects of measuring parameters (like temperature, 
cosolvent ratio, NaOH concentration and time) on yield percent from the reaction.  

Table 2. Effects of alkali solution to methanol, time, temperature, concentration of NaOH on Yield percent of bio oil liquid 

Run Alkali solution  to methanol ratio Time (min) Temperature (oC) 
Concentration of NaOH in M 

(mole /litre) yield % 

1 
01:00 

20 150 0 9 
2 30 150 0.95 27 
3 20 220 0.95 35 
4 

01:01 

10 110 0.95 20 
5 30 150 0.95 31 
6 30 180 1.5 68 
7 30 210 1.5 81 
8 10 160 1.5 48 
9 30 200 1.5 76 
10 20 180 0.4 21 
11 20 170 1.8 77 
12 30 220 1,6 80 
13 

02:01 
20 180 1.5 42 

14 30 200 1.5 58 
15 

01:02 
30 180 1.4 69 

16 20 180 0.95 61 

3.1. Liquid bi-oil 

The liquid bio-oil product produced from the hydrothermal liquefaction of palm date seeds contains a 
verity of organic compounds as shown in Table 2. Mostly phenolic and ketonic compounds are 
generated, these compounds that generated by HT reaction in the presence are higher than that of 
compounds generated from the HT reaction only in water [xiv] it is due to the solubility of 
lignocellulosic material of palm date seeds in the methanol solvent  

Table 3. Gas Chromatography and Mass Spectroscopy (GC-MS) analysis of liquid bio-oil from hydrothermal reaction of 
palm date seeds 

Peak No Retention Time 
(min)  

Relative Composition by 
percentage area (%) 

Compound name  Structure  MS-quality 
(%) 

1 1.752 43.82 Phenol 

 

95 

2 2.314 12.65 
1,4-benzenediol 
(Hydroquinone ) 

 

94 

3 3.687 8.47 1,3 benzenediol 

 

93 

4 4.358 8.56 2,6-dimethyoxyphenol 

 

97 
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5 5.42 6.26 cyclohexane 

 

96 

6 6.389 8.34 n-propanol CH3CH2CH=O 94 

7 7.489 6.77 2,6 dimethoxybenzoquinone 

 

93 

8 8.899 5.13 di methyle ketone  

 

95 

3.2. Effect of temperature 

In the hydrothermal reaction temperature is the main parameter which effects on yield percentage of 
liquid bio-oil and solid residue [xiv]. The different ranges of temperature(110oC to 220 oC ) was studied 
to observe the decomposition of lignocellulose material ,lignin and cellulose material are to be 
decomposed from lignocellulosic material in Hydrothermal reaction up to 200 oC as water soluble 
fraction [xiii] . The palm date seeds are lignocellulosic material with the composition as: 50% lignin and 
20% cellulose [xv]. It has been observed that the higher the reaction temperature higher the liquid bio-oil 
yield however, the liquid yield percentage may reduce after specific temperature range at where the 
liquid product is decomposed and gaseous products are generated [xvii]. As shown in Table 3.the 
minimum yield% is at 110oC and higher amount of yield is at 220 oC (below the critical point of 
methanol). While the solid residue (biochar) yield decrease with increase in temperature this can be seen 
from the fig 3.it is due to the decomposition of solid material at higher temperature. 

Fig. 3. Effect of temperature on yield % of liquid bio-oil and solid biochar and at 1:1 ratio of water to methanol 

3.3. Effect of alkali solution and solvent ratio.  

The ratio of alkali solution to the solvent (methanol) has major effect on the yield of liquid bio-oil yield, 
because both have great ability to decompose the biomass which helps for new product formation. Alkali 
solution acts as the catalyst in the hydrothermal reaction [xvii] because NaOH is the good digester for the 
organic materials; while the methanol solvent dissolves the organic materials like protein 5.56%, oil 10% 
and total carbohydrates 83% [xvii]   in the seeds are mostly soluble in the methanol and hence it helps to 
increase the rate of reaction by addition of heat to it. It can be seen form the fig 4.that yield percent is 
minimum in the only in distilled water and it increase with increase in NaOH concentration and solvent 
ratio   

Temperature (oC) 
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Fig. 4. The effect of solvent methanol and alkali solution on the yield percent 

3.4. Effect of reaction time  

Reaction time is also an important factor which effects on the yield of liquid bio-oil and solid bio char 
[xvi], experimental results given in table 2. Shows that the yield percent increase with increase in 
reaction time while solid biochar yield decrease with increase in reaction time as shown in fig 5 (a) and 
fig 5(b)  

 

 

 

4. Conclusion  

Palm date seeds have a great efficiency to produce the bio-oil liquid fuel and solid biochar by 
hydrothermal reaction in the presence of methanol solvent and NaOH in different proportions. The 
production of liquid bio-oil and biochar depends up on the temperature, concentration of alkali base 
methanol solvent to water ratio. As the concentration of alkali solution, ratio methanol to water and time 
increases the yield percent will also increase. The liquid bio-oil yield contains a different phenolic 
ketonic and cyclic alkane compounds. 

 

Time (min) 

Fig. 5 (a).  The effect time on liquid bio-oil and solid 
biochar yield (reaction only in distilled water) 

Fig 5 (b). The effect time on liquid bio-oil and 
solid biochar yield (reaction in 1:2 alkali solution 

to methanol ratio in 1.5M concentration of 
NaOH) 
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Abstract 

The researchers are investigating the alternative fuel resource which reduces greenhouse gases effects in 
the globe.  The fuels such as biodiesel, methanol and ethanol derived from natural resources are mostly 
used in engines as an alternative fuel. In this research paper, Compression ignition (CI) engine 
performance and exhaust gas emission using biodiesel blend with additive of alcohol have been 
investigated. The biodiesel-blend of 15% with low concentration 5% of alcohol blend (B15ME5) has 
been investigated. The engine performance parameters have been investigated on constant rpm and 
variable loading conditions with 10 equal intervals. The obtained results are compared with the base line 
(diesel fuel) fuel. The results show that, BSFC of alcohol blended fuel is higher than baseline. It is due to 
the lower heating value of alcohol fuel. More ever BTE of alcohol blended fuel B15ME5 is found to be 
increases compared to diesel fuel. However detail discussion on engine performance and exhaust 
emission will be given in manuscript 
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responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and 
Technology, Jamshoro, Pakistan. 
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1. Introduction 

The crude oil reservoirs are depleting due to higher exploring rate and rapid urbanization from last decay. 
Due to higher demand of fuels, it is better to move towards alternative fuels. The fuels are very important 
for commercial sectors and residential sectors which fulfil the human needs for transportation. Crude oil 
products are highly responsible for global warming; harmful emission from engine which depleting 
ozone layer. Cars, logistic trucks and other concerned engine of automobiles, power plant and home 
furnaces require more fuel as before burning,  more fuel are responsible for GHG (greenhouse  gases) 
emissions. Heat released from GHG accelerates to increase sea level due to melting glaciers. The 
biodiesel and alcohol fuels in known as green fuel because it is extracted from natural feed stocks. The 
high level blends of biodiesel with additives of methanol and ethanol are investigated by many 
researchers [1-3].  Alcohols are used as an oxygen enhancer and vegetable oil is added to the diesel–
biodiesel–ethanol blend in order to balance the low lubricity of alcohols. 
 
In this study, Diesel fuel (DF) and biodiesel blend with concentration of low level additive of methanol 
and ethanol (B15ME5) have been used for investigate engine performance parameters and flue gases 
emissions. The results of B15ME5 are compared with baseline.  

 
2. Experimental setup and research methodology 

 
The experimental results are carried in single cylinder 4-stroke compression ignition (CI) water cooled 
engine. Detailed test bed engine information is defined in Table-1. The engine is mounted on test bed 
which is equipped thermocouples, tachometer, flow meter and dynamometer.   
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Table1. Diesel Engine Test Bed Specification 

Cooling system Water cooled 

Type Horizontal 

Number of cylinders 1 

Bore( Piston size) 80mm  

Stroke (Piston Displacement) 95mm (477cc) 

Compression Ratio 23:1 

Starting Method Manual 

Output/rotational speed 8.5PS/2200 rpm(max) 

 
There are two fuel tanks have been used in diesel engine test bed to store the fuel. One is 
selected for D100 and other is reserved for B15ME5 blended fuel. Both fuel tanks are connected 
with an engine with single pipeline however flow can be controlled with two separate valves as 
shown in Figure 1.  
 

 
Fig. 1. Schematic diagram of diesel engine test bed 

 
The engine performance parameters are analyzed on variable load and constant speed. The load on 
engine varies from 0.1 to 2.8 KW at constant speed of 1460 rpm. However 1st data is collected on 0.1 
KW engine load at the speed of 1460.Testo 350 XL fuel gas analyser has been used to measure CO, NOx 
and HC exhaust gas emission. Biodiesel used in this study is extracted from Jatropha. It is produced by 
trans- esterification process.    

3. Engine performance 

In this study engine performance parameters have been tested. Brake specific fuel consumption (BSFC), 
Brake power (BP), Brake thermal efficiency (BTE) and Exhaust gas temperature have been tested. There 
are two fuel samples have been tested one in diesel fuel (DF) and other is biodiesel blend with additive of 
methanol and ethanol. The concentration of methanol and ethanol in biodiesel blend is 5% by reducing 
5% of biodiesel in blend (D80B15ME5). Biodiesel blend with additive has 80% of diesel fuel, 15% of 
biodiesel and 2.5% of methanol and 2.5% ethanol by volume. All the results have been carried out on 
same compression ratio but in variable load and constant speed of engine. 

3.1. Brake Specific fuel consumption 

The BSFC is defined as the ratio of fuel consumption to engine power. This ratio is used to measure 
engine fuel efficiency that fuel burns and produce engine power. Some researcher are investigated that 
biodiesel has higher BSFC than D100. It is because of its lower calorific value [4-6].  
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Fig. 2. Results of Brake Specific Fuel Consumption  

 
The BSFC of an engine expressed in terms of Kg/Kw-Hr. It is noticed in Figure-2, the BSFC of B15ME5 
is higher than D100 on 0.1KW load condition on engine. It is just because of higher content of oxygen 
and lower calorific value of the fuel. Due to the highest heating value and the highest density value of 
diesel fuel than B15ME5, It has been observed that BSFC of B15ME5 is 6.22% higher than D100. 

 

3.2. Brake Thermal Efficiency 

Brake thermal efficiency can be determined by the ratio of brake power and fuel supplied in engine. 
Biodiesel has enhanced combustion because of higher oxygen contents; it enhances the combustion when 
utilized as a blend. Biodiesel blended with methanol and ethanol is resulted poor combustion because of 
its lower cetane number. But it is easily blend with biodiesel. It has been observed that by increasing the 
percentage of the blend with methanol and ethanol calorific value have been decreased; therefore the fuel 
consumption has been increasing for a same power output. The BTE of D100 and B15ME5 from idling 
condition to 0.1KW of load on the engine is same. The BTE of B15ME5 fuel has been increased 
consistently from 1 KW to 2KW of load on the engine. BTE of B15ME5 is slightly higher than that 
D100. It is due to the reason of increment in the percentage of oxygen contents which help to improve the 
combustion process.  

 

 
Fig. 3. Results of Brake Thermal Efficiency 

Therefore due to a higher percentage of oxygen on helps produce faster combustion process. There are 
different types of low stoichiometric air/fuel ratios, Ethanol and methanol is one of them. Due to that 
methanol and ethanol blend with biodiesel lead to leaner combustion.     
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3.3. Engine exhaust gas temperature 

The exhaust gas temperature increases while increases load on engine. The results are carried out on 
variable load on constant speed of 1460 rpm. Diesel fuel in CI engine produce low exhaust gas 
temperature on starting loads while B15ME5 produces higher exhaust gas temperature during 
combustion.  

 
Fig. 4. Results of Engine gas temperature 

 
It has been studied that D100 shows higher exhaust gas temperature from idling to the 0.7KW load on 
engine. Nevertheless on mid loads from 1.0 Kw to 1.9 KW exhaust temperature of B15ME5 has been 
increased. But on peak load on engine from 2.2KW to 2.8 KW D100 produces higher exhaust gas 
temperature. The addition on methanol and ethanol in biodiesel blend enhance the oxygen level and 
reduces viscosity which helps to produce fine atomization and good combustion.  

4. Engine emission 

4.1. CO Emission 

It has been observed that CO emission of D100 is higher than B15ME5. Higher CO emissions indicate 
that the fuel is not ignited completely. CO emission from engine is depending on different factors like 
atomization, variation in engine speed and load, fuel type and design of combustion chamber. By 
addition of biodiesel blend, methanol and ethanol in diesel fuel reduces CO emission. Because it is helps 
improves oxygen level in Diesel fuel. It has been also noticed in figure-5, as increment load on engine, 
difference between the results of D100 and B15ME5 has been reduced. 

 

 
 

 

 

 

 

 

 
Fig. 5. Results of Carbon monoxide 
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4.2. HC Emission 

The higher HC emission has been observed while D100 is used in CI engine. Higher density, less 
volatility and poor atomization leads higher HC emission. It has been noticed that, addition of methanol 
and ethanol on biodiesel blend reduced CO emission. Addition of methanol and ethanol in fuel due to 
that proper combustion process takes place inside the combustion chamber. On initial loads to the mid 
loads from 0.1 to 1.6 KW, there is larger difference has been observed whereas on peak load from 2.2 to 
2.8 there is no any major difference has been seen in figure-6. The higher temperature of engine reduces 
the HC emission 

Fig. 6. Results of Hydrocarbon Emission 

4.3. NOx Emission 

Due to less calorific value of the fuel required more fuel to produce same unit power. The hiher injection 
of the fuel in CI engine produces higher temperature which leads to higher NOx emission. In this study, 
form 0.1 to 0.7 KW load on engine produced less NOx emission. But there is no and large difference has 
been observed. As load increases on engine produces higher exhaust gas temperature which leads to 
higher NOx emission. In this phenomenon from 1.3 to 2.8 KW load produces higher NOx emission as 
shown in figure-7.   

 

 
Fig. 7. Results of NOx emission 

 

5. Conclusion 

In this study, engine performance parameters BSFC, BTE and exhaust gas temperature have been 
investigated. Engine exhaust gas CO, HC and NOx emission are also investigated in this work. B15ME5 
fuel has used to analysis engine performance and exhaust emission on variable loads and constant speed. 
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However the results are compared with baseline (D100).  

• It has been noted that, BSFC of B15ME5 is 6.22% higher than diesel fuel. It is due to the less 
density of this fuel. It requires more fuel to produce same unit power output.  

• Overall result of BTE shows that, B15ME5 is 2.87% higher than D100. It is because of higher 
percentage of oxygen available in fuel which helps to produce combustion rich combustion. 

• Incomplete combustion may cause of CO emission. In this study, it has been observed that D100 
fuel emits 0.091% higher CO emission than B15ME5.  

• In this study HC emission also investigated. The result shows that D100 fuel produces 0.7% 
higher HC emission than B15ME5.  

• NOx emission depends on density of fuel, atomization and exhaust gas temperature. In the 
results of NOx emission show that, on starting load D100 produces higher NOx emission than 
B15ME5, whereas on peak loads B15ME5 produces higher than D100. 
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Abstract 

Biomass is a very valuable source for renewable energy, it contains the rich quantity of organic and 
inorganic matters different verity of biomass available for generation energy source such as from buffalo 
dung, cow dung, agricultural waste and poultry farm wastes from sugar cane (Bagasse) and also pig 
dung, by using the suitable technology as anaerobic digestion for the generation of biogas for domestic 
and industrial purpose, Anaerobic digestion is a feasible and easy process for biogas generation and eco-
friendly fertilizer, our objective was to construct an on-site fixed dome biogas digester to produce biogas 
that can be utilized for household cooking activities. 
The pilot-scale biogas digester of 4m3 capacity, having an area of (22x14) ft2 was constructed at 
Khaskheli village near bypass Hyderabad. The location was selected due to the readily abundance of 
animal dung requirement on daily basis. The feed/water ratio was maintained at 1:1. The digester was 
then stabilized in 15 days. The results showed generation of biogas is 4m3 which contains the more than 
65% of methane. 
 
Keywords: buffalo dung;anaerobic digestion;eco-friendly;digester;biogas;methane. 

1. Introduction                                                                             

Energy demand is met mainly through the renewable and non-renewable source of energy but it depends 
on the availability of source due to rapid population growth and rising in the demand of energy Biogas is 
cheap and renewable source of energy and has achieved a great importance in the world biogas is a fuel 
which can be used to contribute this need (Urmeeet al., 2009) Biomass contributes the major role in rural 
areas of Pakistan to supply the biogas for cooking and heating purpose generally biogas contains the 
higher quantity of methane that is (55%-75%)Animal manure is available in plentiful quantity especially 
in rural areas of sindh Pakistan for utilization the animal manure we can generate the biogas and 
environmental friendly fertilizer for the agriculture activities ,different types of biogas digesters are exist 
for biogas generation such as floating drum digester and fixed dome digester and balloon type digesters 
fixed dome type digesters are widely used due to low cost and no maintenance require fixed dome type 
digesters are more convenient then the floating drum type digesters because of leakages ad corrosion in 
drum. These digesters were constructed as underground basis covered with clay type soil work as an 
insulating material fixed dome digester is a copious alternative to treating the animal manure  
 
2. Study Area 

Khaskheli village near Highway Hyderabad, is situated on the right bank of River Indus, at geographical 
position 25.456786° N, 68.365135° E, situated at an elevation of 20 m this village is surrounded by 
agriculture. Area elected for digester is 264 ft2(12 ft. x 22 ft.)Besides the house there is a cattle farm 
which consist of 20 Buffalo'sand 6 Cows. 
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Fig.1. Study Area 

3. Methodology   
 
3.1 Design  

 
The Fixed Dome Biogas Plant Fixed Dome Biogas is consist of four main parts, these are 

• Inlet 
• Dome 
• Outlet  
• composite Pits  

 
 

 
 

Fig. 2. Design of Biogas plant 
 
 

3.2 Construction  

The Total area of the Fixed Dome biogas Plant is 22 ft in length and 12 ft is its width. The biogas plant is 
concrete based Plant we started with the construction of Main Digester. The diameter of the Digester is 
10 ft. The foundation was placed with cobbles and gravel aggregate and filled with concrete up to 15cm, 
during the construction on walls of digester which is of 3ft. The inlet pipe is placed above about 1.5 ft 
from the foundation We started continue to erect wall of Main digester Next stage was the construction 
of Dome on the main Digester, the Dome is of 10 ft with its width . As Dome is of RCC, we used steel 
for this purpose 50 kg of steel is used, steel bars tied in a way it forms like a cage on the main digester, 
and the height of the Digester is 5.4 ft from the foundation. For shattering 
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Purpose we used an iron net , that was covered from the Inside of the cage that was put on the digester 
for constructing the Dome , upon that net shattering the filling of concrete was applied .It is important 
that the concrete mixture should be well compacted , After construction of Dome Curing takes an 
important part to make Dome structure Robust, Next is the construction of Out let of the Main Digester, 
the base of digester is higher from the excavation point , it is on the level of digester wall from the walls 
of outlet is erected  After that Compose pits are made , the total length of the 

 
Fig. 3. Construction of Dome 

7ft and the width is 5ft, there is wall is erected in between that is of 2.5 ft, to divide the two pits. 

The diameter of inlet is 2.5ft. And manually handled mixer device is installed Curing is the back bone of 
the robust biogas Plant so Maximum Curing should be Applied specially on Dome 

3.3 Hydraulic Test 

The main reason of hydraulic test is that the Structure is robust in terms of seepage and water leakages. If 
seepage occurs it indicates the lacking in physical strength, if there is Leakage in structure that makes 
structure weak by the time. To conduct this test we filled the water that much, the joints of the Dome are 
in the water. As the water come up in the outlet. When the water is filled marked up the water level in the 
outlet, my choke or marker etc. Left the Filled water in the Dome for 1 or 2 days after 2 days we have to 
check either the water level that we marked that day is still there or not, if water is decreased up to 5 to 6 
inch, then there is Structural leakage in the dome although we have to focus on the joints. 

3.4 Air Leakage Test 

To conduct air leakage test is very important to identify the leakage from the dome. For air leakage test 
we require the compressor, first we connect the gas pipe from outlet of compressor to the point of 
collection gas pipe from dome. Then we start the compressor air will come to dome there is a gauge at 
the outlet of compressor and also another gauge is installed at the point of collection of gas pipe for 
reading of pressure. Then we measure the pressure from the gauge when the both gauges give the same 
pressure readings we stop the compressor and then we leave the dome for 24 hours. After 24 hours we 
will check whether the pressure is same or not, only 3 to 5% allows the variation in pressure. If the gauge 
is not giving the same result or pressure variation is high there must be a leakage from the dome. 

3.4 Start Up Of Plant 

We can indeed count this phase is very critical phase we are using the buffalo Dung, dilution of buffalo 
dung with water at ratio of 1:1 is very important if the ratio is disturbed the substrate is more 
concentrated there may be chances of developing the acidic condition or substrate is more diluted with 
water then there will less generation of the biogas, selected daily feed for digester is 24 kg of buffalo 
dung with 24 litters of water is mix with the help of mixer, manual mixer is installed for effective mixing. 
Initially when we were filling the digester caustic soda (NaOH) has added to control the acidic condition 
during the retention time. Digester takes 2 to 3 weeks to stable it has been observed that after 15 days 
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biogas generation reached at optimum condition.  

4. Results and Discussion 

For analysing the parameters of biogas we conducted different laboratory tests using the standard 
laboratory methods to finding the stability of digester the tests consists of PH, Alkalinity, Volatile fatty 
acids (VFA), Moisture content (MC), Total solids (TS), Volatile solids (VS). 

Table 1. Results of Biogas Digester 

S. No: Samples 
Duration 

PH Alkalinity 
(mg CaCO3/L) 

VFA 
(mg CH3COOH/L) 

VFA/Alkalinity 
<0.5 

M.C% V.S% T.S% 

01 Week 1 7.0 2500 250 0.1 95.3 71.6 4.7 
02 Week 2 7.3 1850 204 0.11 94.4 72.5 5.6 
03 Week 3 7.1 800 120 0.15 94 71 6 
04 Week 4 7.2 600 24 0.04 93.9 72.8 6.1 
05 Week 5 7.3 900 64 0.07 96 68.6 4 
06 Week 6 7.5 1400 72 0.05 91.1  8.9 

 
When we fed the dung in the digester initially it has high value of Alkalinity but anaerobic digestion 
processes starts alkalinity reduces continuously and when methanogenic bacteria start to consume the 
food alkalinity increases methanogenic bacteria take 3 to 4 weeks to stable the digester and then 
alkalinity starts increasing. 
 

 

Fig. 4. Alkalinity of the digested substrate 

PH value of substrate should be “between” 6.5 to 7.5, when PH value reduces from 6.5 or increase from 
7.5 then it effects on the generation of biogas, we have observed digester is stable in the PH value.  

 
Fig. 5. PH of the digested substrate 

It is very important to find the concentration of methane in biogas, sample of biogas is analysed in the 
Gas chromatography (GC) we observed that biogas contains methane (CH4) 71.18% and carbon dioxide 
(CO2) 28.81%. 
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Fig. 6. Results of biogas in (GC)  

5. Conclusions 

This study reveals that fixed dome biogas plant is feasible choice for treating the animal manure and to 
get the biogas for domestic use. Fixed dome biogas digester technology is available in affordable amount 
and it has been improved, during construction of dome care must be taken to reduce the leakages were 
aroused from dome digester should be close system otherwise fermentation process cannot take place the 
efficiency of digester depends on the tightness of the digester different methods can be applied to reduce 
the leakages in the dome such as using the acrylic paint with cement and using the clay layers, and 
specially interior surface of dome should be plastered. 
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Abstract 

During process of combustion harmful gases emitting due to ash and sulfur contain in it had negative effect 
on environment as well as coal associated plants. Researcher attracted by removal of sulfur and ash from coal 
regarding environmental problem. Current research paper reviews different microorganism for bio-treatment 
of coal. Different microorganism was reviewed for process of sulfur removal from coal. For effective 
removal of inorganic sulfur thiobacillus ferrioxidans had favorable for pyritic sulfur 90% and for organic 
sulfur speci berilye had candidate condition for organic sulfur removal upto 60%. This reviews conclude 
further research to reach maximum organic sulfur removal. Study need on further researched of organic 
sulfur removal from coal. 

 

© 2016 Abdul Sattar Jatoi a*, Shaheen Aziz a, Suhail Ahmed Soomrob. Selection and/or peer-review under responsibility of Energy and 
Environmental Engineering Research Group (EEERG), Mehran University of Engineering and Technology, Jamshoro, Pakistan. 
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1. Introduction  

During process of combustion harmful gases emitting due to ash and sulfur contain in it had negative effect on 
environment as well as coal associated plants. Researcher attracted by removal of sulfur and ash from coal regarding 
environmental problem. A number of separation techniques were analyzed for sulfur and ash elimination from coal. 
Bio separation is one of recently tested methods for removal of sulfur from coal[1]  two types of sulfur preset in 
Coal such are inorganic and organic sulfur present variable amount in coal. Inorganic sulfur found in coal as sulfides 
or sulfate but for as organic sulfur was concerned it occurs in form of organic structure and bound with different 
forms. [2]. Increasing problem of sulfur containing compound, due to there is need to explore the technology to 
decrease the emission of sulfur. Bio treatment of fossil fuels can be said to be fitting technology for the 
desulfurization of oil and coal before combustion, especially for small-scale combustion plants where flue gas 
cleaning is too expensive [3]. The  effect of process parameter were investigated using micro waved/acid washed 
samples ,the reduction of pyritic, organic and total sulfur were observed from range 26 to 91, 2.6 to 38.4 and 17 to 
65% respectively. [4]. Globally more than a quarter of the total primary energy supply is based on coal combustion. 
The emissions of coal-fired power plants (CFPPs) are regulated in many industrialized countries and therefore 
power plants use cleaning techniques to minimize emissions such as sulfur dioxide (SO2) and particles [5]. Coal 
contains inorganic as well as organic materials which are composed of different constituents especially sulfur in coal 
play an important role in combustion process. Different methods were employed but froth flotation is suitable 
method for pyritic sulfur removal from coal. [6]. Coal desulfurization prior to usage is a preprocessing in order to 
get clean fuel and diminish environmental impacts such as acid rain [7]. The main purpose of work is to remove 
organic sulfur in low rank lignite coal present in Pakistan for cleaner coal production for combustion. 

2. Bio-Desulfurization Of Coal  

Technique for sulfur removal suggested that by using bacteria for coal is one of the researched methods for sulfur 
removal from coal. For pyritic and sulfate sulfur thiobacillus ferrooxiandans were used. The elimination of organic 
sulfur from coal depends on the amount of sulfur containing organic compounds present in it. dibenzothiophene 
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were used as sole source for isolation of mixed culture of bacteria from soil for removing thiophene which is present 
in coal in addition to pyritic and sulfate sulfur mixed bacterial culture proved valuable for removing organic sulfur 
from coal. Ash content also reduced during removal of sulfur contents from coal treated with coal. But for another 
hand coking property unaffected during bacterial treatment. [8].Efficiency of sulfur removal by microbial action 
significantly improved by using air with CO2 [9]. One of the useful methods for coal cleaning and for clean solid 
fuels making is bio desulphurization Treatments were performed with three types of fungi using Bio 
desulphurization process are ‘‘Trametes Versicolor” – ATCC No. 200801, ‘‘Phanerochaeta Chrysosporium” – 
ME446, Pleurotus Sajor-Caju and one Mixed Culture of bacteria – ATCC No. 39327 [10].A microbial inoculums for 
desulfurization of column packed coal was selected. At pH 1.5 elimination of pyritic sulfur achieved a level of 46% 
with relatively small changes immediate observation of coal analysis. According these condition 20 to 30 ton pilot 
plant were developed for desulfurization of coal [11]. 

2.1.  REMOVAL OF INORGANIC SULFUR FROM COAL  

Thiobacillus ferrooxidan can be used to remove Pyritic sulphur effectively from different coal samples [12]. Seven 
days process for removal of sulfur from coal using Thiobacillus ferrooxidans bacteria had optimized process 
condition at initial concentration of ferrous ions of 15g dm-3 and extraction mixture 2.4 wt % [13]. Study were made 
on the basis of sulfur removal from coal using airlift reactor by treating with sulfur oxidizing bacterium, 
Thiobacillus ferrooxidan. Different process parameter were studied and evaluate the effect on bio desulfurization 
process. Using high coal slurry densities (up to 70% w/v).  90 - 95 % sulfur removed from coal within 15-20 days 
[14]. A number of different microorganisms have been recommended for coal desulfurization. In the present 
investigation, comparative study of thermophilic and mesophilic bacteria were carried out to see the sulfur removal 
percentage from coal. The thermophilic archaea Acidianus brierleyi (DSM 1651), Sulfolobus acidocaldarius (DSM 
639) and Sulfolobus solfataricus (DSM 1616) were compared with the mesophilic bacterium Thiobacillus 
ferroxidasez (DSM583). Thiobacillus ferrooxidans and Acidianus brierleyi, were investigated capable of oxidizing 
pure pyrite as well as oxidizing sulfur in coal [15]. Work were carried out for development of economical process 
for sulfur removal from coal using microbes by designing a reactor. Removal of sulfur from coal using 
microorganism established conclusively but as far as petroleum sulfur under active study is aimed to scale up 
process of bio-desulfurization for removal of sulfur using microorganism [16]. A model developed on the basis of 
computational fluid dynamic for removal of sulfur from coal using iron oxidizing bacteria (Acidithiobacillus 
ferrooxidans and Leptospirillum ferrooxidans) through bio leaching [17]. A mixed culture of acidophilic iron- and 
sulphur-oxidizing mesophilic microorganisms including Acidithiobacillus ferrooxidans, Acidithiobacillus 
thiooxidans and Leptospirillum ferrooxidans used to remove sulfur from high sulfur containing coal [18-20]. 

2.2. Removal of Organic Sulfur  

Organic sulfur species in coals are mainly thiols, sulfides, disulfides, thiophenes and their derivatives. A number of 
methods have been explored for removal of organic sulfur prior to combustion. These include: 
1. Solvent partitioning 
2. Neutralization method 
3. Hydrogenation reaction or sulfur reduction 
4. Thermal decomposition 
5. Oxidation 
6. Sodium hydroxide treatment or nucleophilic displacement, and 
7. Microbial removal 

2.3. Organism for Sulfur Removal from Coal 

The organisms can be classified on the basis of whether they can remove inorganic or organic sulfur from coal: (a) 
obligate autotrophs oxidize only pyritic sulfur, (b) facultative autotrophs oxidize pyritic sulfur and some organic 
sulfur compounds, (c) heterotrophs oxidize only some organic sulfur compounds. 
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2.4. Obligate autotrophs 

The most widely used obligate autotrophs for coal desulfurization are various strains of Thiobacillusferrooxidans 
[29-31] and almost all strains have been isolated from acid mine waters. These bacteria are Gram-negative rods (0.5 
by 1-2 ~tm), flagellated, non-spore-forming [30-32], acidophilic (pH optima: 2-3), mesophilic (temperature optima: 
25-30°C) and aerobic. The various strains have not been differentiated taxonomically (e.g. by G/C content). When 
grown under autotrophic conditions, the organisms fix COz via the Calvin cycle and obtain energy from oxidation of 
reduced sulfur and iron compounds (Table 2). The organisms have been used for leaching metals(Cu, Zn, U, Ni) 
from low-grade sulfide ores ~7 and removing pyritic sulfur from coal 2~'2°'21 under autotrophic conditions. Other 
Thiobacillus species (e.g. T. perometabolis, T. organoparus) canalso oxidize reduced sulfur and iron compounds and 
can be used in pyritic sulfur removal from coal. While some organic compounds (e.g. agar) are toxic to the 
obligately autotrophic T. ferroxidase strains, other Thiobacillus species can metabolizesome organic compounds 
[31]. However, it is believed that Thiobacillusspecies are incapable of removing organic sulfur from coal [21] and 
even though there are some Thiobacillus-type organisms which metabolize dimethyl sulfide and dimethyl 
disulfide[29,33], neither these nor the nitrogen fixing Thiobacillus species 23 have been tested in coal 
desulfurization. Although more than 90% of initial pyritic sulfur can be removed by using Thiobacillus species when 
coal particle sizes are small enough (diameter ~ < 80 l ~ m), the major problem in using mesophilic species is the 
low rate of removal (residence times of 4-5 days are required in continuous operations). Some of the autotrophic 
organisms capable of removing pyritic sulfur from coal are thermophilic (temperature optima: 50-60°C). 
Thiobacillus-type (TH-bacteria) organisms have been isolated from acidic hot springs or sulfur-rich soil [15, 34, 35]. 
These organisms require some organic compounds (e.g. yeast extract or cysteine) for growth. Thermophilic, 
Thiobacillus-type organisms (temperature optima: 55°C) were used for pyritic sulfur removal from coal 26 and it is 
conceivable that thermophilic strains may increase the rate of removal. Their more important contribution, however, 
may be to allow operation of reactors at temperatures where the chances of contamination are minimized. 

2.5.  Thermophilic facultative autotrophs 

Several facultative autotr0phic organisms isolated from acidic hot springs of Yellowstone National Park can oxidize 
reduced iron and sulfur compounds: Sulfolobus brierleyi, for instance, a thermophilic (50-60°C) and facultative 
autotrophic organism [36], has a potential use for removal of pyritic sulfur and, perhaps, organic sulfur from coal 
although this has not been tested. The growth of this organism on ferrous iron and elemental sulfur was enhanced by 
including yeast extract in the nutrient medium. Another thermophilic (60-90°C), acidophilic (pH: 1.5-4) and 
facultative autotrophic organism capable of oxidizing reduced iron and sulfur, Sulfolobus acidocaldarius [37, 38], 
can utilize simple organic compounds (e.g. glucose and yeast extract) as its energy source [38]. The organism is 
typical of the class Archaebacterial in lacking a rigid cell wall (i.e. it has no peptidoglycan layer in its cell wall). It 
was used extensively for the removal of pyritic and organic sulfur from coal [24-28] and could oxidize 
dibenzothiophene [27]. Figure 1 shows S. acidocaldarius in suspension culture and Fig. 2 is a scanning electron 
microscope (SEM) photograph of S. acidocaldarius attached to a coal particle surface. 

Cell attachment. Electron probe analysis using SEM indicated the presence of iron and sulfur at the attachment site, 
which suggests selective attachment of S. acidocaldarius to pyrite surfaces in coal (Kargi, F., unpublished results). 
For pyrite oxidation, cell attachment to pyrite surfaces in coal is essential - no relevant extracellular enzymes were 
detected in culture media. However, it is unclear whether removal of organic sulfur requires cell attachment. In 
general, cell attachment is not only a function of the surface properties of coal/pyrite and the organisms but also of 
the nutrient medium composition and hydro dynamical conditions in the reactor. Cell density at the surface of the 
coal should be manipulated to give optimum cell attachment. A fundamental understanding of cell attachment 
mechanisms in coal desulfurization may contribute to improving the rate of sulfur removal. Several Sulfolobus-like 
organisms have been isolated from hot sulfatara areas in Italy and Japan [39, 40] and, recently, a new organism, 
Sulfobacillus thermosulfooxidans was isolated in Russia [41, 42]. This rod-shaped, thermophilic, acidophilic, 
facultative autotrophic and spore-forming bacterium can oxidize reduced iron and sulfur compounds but there are no 
reports yet on its use in coal desulfurization or oxidation of model organic sulfur compounds. Thermophilic and 
facultative autotrophic organisms (e.g. Sulfolobusspp.) have the following advantages over the mesophilic and 
obligate autotrophic organisms (e.g. Thiobacillusspp.). 

• High temperature operations reduce the chance of contamination of growth medium. 
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• Facultative autotrophs may remove both pyritic and organic sulfur from coal. 
• At high temperatures the system can be operated at high cell and coal concentrations without cooling costs. 
• Operation at high temperatures (50-80°C) improves the rate of chemical oxidation of pyritic sulfur by the 
ferric iron which is produced by microbial oxidation of pyritic iron in coal 

2.6. Heterotrophs 

Filamentous fungi. Some organic sulfur compounds can be degraded by certain filamentous fungi. Some fungi 
produce sulfatases which catalyze oxidation of sulfonated phenol compounds releasing sulfate ions into the medium 
[43]. This suggests that they might be effective in removing organic sulfur from coal although there are no published 
reports to this effect. Recently, several fungi (yeasts and molds) have been isolated from coal disposal areas and 
used to solubilize coal [44]. These organisms oxidize some of the aromatic compounds, converting them into soluble 
polar compounds and may be potentially useful for coal desulfurization. Pseudomonads. Several pseudomonad 
species have been isolated and used for removal of organosulfur from oil [45-46]. These organisms can oxidize 
dibenzothiophene and remove substantial amounts of organic sulfur from oil in 6-10 h. Some of these organisms 
(e.g. Pseudomonas alcaligenes) were genetically modified and their capabilities have been improved. Oil 
desulfurizing organisms might be used for desulfurization of coal, especially liquifledor solubilized coal. Another 
Pseudomonas species (Atlantic Research Company, pets. commun.) Could oxidize dibenzothiophene and remove 
20-30% of organic sulfur from coal in 10-12 h. Mixed cultures. Mixed cultures of T. ferrooxidans and T. thiooxidans 
(an acidophilic and autotrophic organism) performed better in removing pyritic sulfur from coal than pure cultures 
of T. ferrooxidans [22, 23]. The role of T. thiooxidans (in the mixed culture) is to oxidize elemental sulfur (produced 
by oxidation of pyritic sulfur by T. ferrooxidans) to sulfate. Similarly, a mixed culture of T. thiooxidans and 
Leptospirillum ferrooxidanscan also be used for pyritic sulfur removal from c0a114: L. ferrooxidanscan oxidize 
ferrous iron to ferric iron; ferric iron oxidizes pyritic sulfide to elemental sulfur, then T. thiooxidans oxidizes 
elemental sulfur to sulfate. Another rather undefined mixed culture of organisms present in acidic coal mine waters 
was used for pyritic sulfur removal from coal [47]. 

3. Conclusion 

Different microorganism were reviewed for bio-treatment under controlled condition. The maximum organic sulfur 
removal from coal were observed with the use of () upto the 60-70% and for as inorganic sulfur removal were 
measured upto 90% by use of thiobacillus ferrioxidans. With removal of sulfur it could advantage over 
environmental condition and for helping civilization restriction from eco-disturbances.  
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Abstract 

“This paper presents the cooking and heating energy need assessment of Kalkani village of Kohlu district 
in Balochistan, Pakistan. The paper also presents the availability of biomass energy resources for cooking 
and heating energy needs of the village. The questionnaire based survey method is applied for the 
collection of energy consumption and related data. This rural village heavily relies on biomass for 
cooking and heating energy needs due to limited access of modern fuels. Among the different fuels, dung 
meets about 44% of the total cooking and heating energy demand. The contribution of other biomass 
fuels for domestic use is 30% agricultural waste and 23% firewood. Other than biomass, LPG and coal 
has 1.7% and 0.6% share in cooking and heating energy needs of the village. The analytical observation 
found that the annual average primary energy demand of the village for meeting cooking and heating 
energy needs is 6.82 GJ per capita. The production of dung is calculated in the village is 3901850 
kg/year. It is observed that the expenses on energy changes as the income level increases. The village has 
substantial potential of biomass energy resources in the form of animal dung, wood and agricultural 
waste which can be used for meeting cooking and heating energy needs of the village using environment 
friendly efficient cooking systems.” 
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under responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of Engineering and 
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1. Introduction 

Mostly all rural areas of Pakistan and especially province of Baluchistan are going under energy crisis 
either lack of resources or availability of biogas plants. In the economical point of view Baluchistan is 
poorest province of Pakistan. In whole province, people are using old techniques for cooking and heating. 
The research was conducted at Kalkani village of district Kohlu, Baluchistan. People of village are poor 
and do not change their methods of cooking and heating into modern methods. Biomass resources were 
available there in huge quantity such as cow dung, firewood and agricultural waste. People of kalkani 
used biomass for cooking and heating and that’s why it was observed that they were suffering from 
different types of diseases. It was also observed that people of village want modern stoves and utilization 
of biomass, which will be environmentally and best for human health. In a study it is assessed that the 
potential of conversation of biomass through dissemination of efficient cook stoves in Pakistan [1]. This 
work estimated potential of ICS in rural and urban areas of Pakistan, moreover, he concluded that 
population in rural areas meets their domestic energy needs by burning biomass in traditional inefficient 
cook stoves which results in deforestation and indoor air pollution. The natural fuels such us firewood, 
dung, and agricultural wastes are the biggest sources of energy in rustic areas of Pakistan. Most of the 
people of Pakistan are still residing in villages, where renewable energy like fire wood is being used at 
high level for the purpose of heating and cooking. At very low level agricultural wastes and animal dung 
are used instead of firewood. In a survey of Household Energy Strategy Study (HESS) 1991-1993 it was 
acknowledged   that 19,256 TOE energy approximately 27% of total energy supply of Pakistan had been 
taken from biomass resources (1992). About 60% of this energy supply was getting from firewood, 
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included agricultural wastes (21%), animal dung (18%) and Charcoal (1%). US Energy Information 
Administration, issued that Pakistan is going towards modern energy resources with fire wood, animal 
dung, and biogas (one third of total energy) by the year 1988. Being an agriculture country Pakistan is 
blessed with large resources of renewable energy in different shapes. It only gets 10 million tons of 
biogas and 50 million tons of sugar cane from the production of sugarcane in a year, and a study shows 
that some 80 mills of sugar cane produce approximately 3000 MW. But unfortunately only 700MW 
electricity is in production. In the field of Livestock there are 159 million animals existing in Pakistan 
and their dung and waste materials can be used in production of biogas, 4% per annum [2]. Getting 
renewable energy by the dungs of animal is three dimension; 1) it is cheaper way of generating energy, 2) 
its environment friendly and 3) it is also accepted by the society.  An estimate shows that there are some 
65.2 million cattle and buffaloes in Pakistan and the production of dung from a cow is some 10kg in a 
day. According to a study it is assumed that some 20kg dung can produce one cubic meter biogas, so if 
50% (326 million kg) manure is taken and brought into use then at about 16.3 million cubic meter biogas 
could be generated in a day, which will be enough for cooking and energy demands of rustic areas of 
Pakistan. Biogas is the largest source of energy in the world, and is lies in rural areas of world; most of 
developing countries are using biogas to fulfill the needs of energy. Saad Butt in his article` Bioenergy 
potential and consumption in Pakistan “presents the increasing requirement of biomass in struggling 
countries, tries to illustrate the current biomass resources with up-to-the-minute energy corps and farms 
and gives an account of proficient biomass energy and alteration tools. The use of biomass will help in 
raising the level of economy, energy and healthy environment. Pakistan is gifted with biomass and biogas 
sources which are needed to be taken on a wide scale/level and government should support such 
intuitions then there will be better usages of biogas and biomass. 

2. Material and Methods  

2.1 General Information of ‘’Kalkani’’ 

Kalkani is the village, where survey was conducted and it is situated in district Kohlu, Balochistan. The 
village has 35 houses and 15km away from Kohlu city. The transportation sources are bicycle, bike, 
rickshaw and personal vehicles from village to city. Male and female respondents were interviewed 
separately. About 85% male and 15% female responded from different income group. For getting data 
regarding alternative energy use, cost of energy, health consequences, use of cooking technology etc. 
were also surveyed. Pakistan is an agricultural country with cotton and wheat being their main crops. 
During the survey, villagers of Kalkani were asked to identify their sources of income either agricultural 
or livestock, if they have more than one source of income, then they were asked to rank them in the order 
of their importance. It was observed that more than 70 % of the household in the village have more than 
one source of income. 

2.2 Data Collection  

A questionnaire based survey method applied for data collection. Primary data collected directly from 
field through applying door to door interview approach. Interview session was placed during November-
December, 2015. Questionnaire was constructed with great care so that it should include the entire 
questions related to the study. Questions were made essay so that a lay man could answer it correctly, 
because the participants were not highly educated. Different types of questions were kept in test like 
direct questions for qualitative answers about monthly income, amount of wood as fuel use in per month, 
and there knowledge about biogas technology.  Secondly questions were based on ranking of the basic 
income source and preferences, income expenditure, and the reason of changing current type of fuel. 
Diseases associated with burning of firewood, agricultural waste and animal dung. Order of questions 
was kept according to the need of study of related parameters for example monthly income, occupation 
and importance of expenditure, but at some places the sequences of questions was modified.    
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Fig. 1. Kalkani village 

The questionnaire comprises different sorts of questions e.g. it covers direct question to know exactly 
quantity of fuel of wood, facts about biogas technology and monthly income. It also contains questions 
which can give the first choice & rank information obligatory e.g. grade of the vital income sources, 
importance of the revenue expenditure, level of the reasons for changing the current types of fuel etc. 

The collection of data of this study is done through a door-door survey in Kalkani village of district 
Kohlu, Balochistan. The key goal of this study was to analyse each and every type of the people having 
low or rich economy and to show a comprehensive analysis of such types of incomes and their 
consumption pattern. The sampling size in the village of Kalkani is 35 and sampling was done in the 
month of January 2016 covering most of the existing homes/households. By following the prepared 
questionnaire the survey was done and questions were asked from each and every respondents. All the 
questions were asked in local language by one of our fellow student and accompanied by a Khetrani 
surveying partner, both of these were examined by myself at each and every step. All the villagers of 
Kalkani village were asked to gather at one place on the interviewing day. 

3. Results and Discussions   

3.1 Educational and Social Economic Status of Kalka ni 

The population of surveyed village is 687 with average family members of 19 persons per house. 
Astonishingly the number of female respondents were in same number as the male, in such male 
dominant society. The presences of native fellow make it quite easy to communicate with the people. A 
positive aspect of equal number of female is that the better know the fuel need and could easily estimate 
their fuel need the detail of the households in the village. It is also a positive aspect for the survey 
because women are the one who are responsible for the cooking, so being the end user they have a better 
idea about the amount of cooking fuel is consumed.Other general information’s regarding village is given 
in Table 1. 

Table 1. Basic information of kalkani 
S. No. Description Values 
1 No of house holds 35 
2 Total population 687 
3 Average family members 19 
4 Percent of male respondent 65% 
5 Percent of female respondent 35% 

The education rate of kalkani village given in the fig. 2. Total 56% population of kalkani village was 
uneducated. Population primary (1st to 5th class) level education of village was 16.70% and high (6th to 
10th) level education was 10.50%. College and university level education the only 4.70% and other 
12.30% of population were studying in madrasa (Islamic Education). 
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Fig. 2. Literacy Ratio 

 

The major source of income generation sector is agriculture. About 50% of income generates from 
agricultural activities, Monthly income of the kalkani villagers. 23% of villagers depend on livestock and 
5% of people have own private jobs. Government employees were 3% and 7% of population has own 
shops. 10% population were labor and 2% were retired government employee, to getting pension The 
income expenditures of the households in low, medium and high income groups and their monthly 
income was Rs.2950.00/house. Medium level have 20 houses and their income was Rs.4450.00/house. 
High level houses were 5 and their monthly income was Rs.18030.00/house.  

 

Fig. 3. Income source 

According to the need of people, their income sources spend on the basis of demand. The study also 
realized the relation between income and expenses of a family. The observation found that priority of 
income expenditure of a rural family is mainly limited to fulfilling basic living needs. According to 
collected information from respondent, the major percentage of expenses goes to food, clothes and heath 
care purposes which are considering least needs of rural people. After that the priority goes to education 
and energy, from which residents prefer to pay less for energy than education specially, the poor resident 
seeks the benefit of free biomass energy use for cooking. About expenses on cooking energy, poor and 
medium income household has limitation on budget. Low income group almost unable to pay and 
medium income household able to pay least amount compared to rich household. The people of kalkani 
first spend for food and second for clothes to cover body. Thirdly they spend on the health and care of 
peoples and fourth they spend on need of energy and heat for cooking purpose. On the fifth position, they 
spend money on education purpose and sixth number they spend on the religious functions and welfare 
works. At last seventh position they spend money on the entertainment for the enjoyment, as shown in 
the fig. 3. 
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Fig. 4. Monthly Expenditure 

3.2 Energy Utilization for Cooking and heating 

The rural household seems to spend lowest percentage on energy from their monthly income considering 
amount of usage and monetary cost of biomass. Most of the household collects biomass from their own 
production or homestead which is almost free of cost. The villagers of kalkani used mostly 44% of 
animal dung for the cooking and heating purpose. 30.30% of people were using agricultural waste for the 
heating and cooking purpose. Firewood was used 23.50% and usage of LPG was 1.7%. The use of coal 
was 0.6% for the cooking and heating purpose, as shown in the fig 3.5. The energy consumption trend 
significantly increased from low to high income family. Lowest and medium household group using 
equal quantity of fire wood and the usage is bit high among rich group. Dung use varies between low and 
medium economic group and the medium and high economic group is consuming pretty much close. Use 
of agricultural waste and tree branches and cooking energy are gradually increased among the three 
consumer group. Obtaining bio energy and non-bio energy consumption situation, it is realized that the 
energy consumption made by the study population is 6.82 GJ per person/year. However the perception to 
get hold of the fuel easily in the village increases with increase in the income level in the village. The 
reason for such an increasing trend is because in the high income group the people own cattle as well as 
they have more land and we see that higher income group is mostly associated with agriculture. So for 
the households with the higher income group, it is comparatively easier to have access to the fuel rather 
than the medium and higher income group. It also has to deal with the collection of the biomass from the 
fields or the neighbors, because for the households with less number of old member and small kids, it is 
difficult to go and collect the biomass. But in the high income group, the issue of collection is not that 
big as they usually have to collect from their own fields and they mostly have cattle of their own. 

 

Fig. 5. Usage of fuels 

It was also asked from participant that how many and which kind of stove they were using for cooking at 
their homes. Results showed that around 94% of houses were using mud cooking stoves and the reason 
behind this was that they could not pay for modern or improved cooking stoves. 5% of the households 
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were using improve mud stove for the cooking. Remaining 1% of houses were using advanced cooking 
stoves as their first priority (LPG cylinder).The usage of biomass in the village of kalkani creates 
different types of diseases, such like Respiratory problems, skin problems, infections, eye irritation, lungs 
infection, blindness, various types of allergy and TB etc. The percentage of effected of man, woman and 
children given the fig 3.6. The effected percentage of men was 4.46%, because men were out of house 
entire day time. The effected percentage of children’s from diseases was 39%, because they spend half 
time out of house and remaining half spend at home. The effected percentage of women was 57% 
because they spend their time at home. 

 

Fig. 6. Effected from diseases 

4. Biomass Energy Resources 
 
4.1 Agricultural Biomass 
 
The kalkani village is mainly rich of the agricultural production wheat, cotton, vegetable and potential 
crops of this village. Among the different types of crops wheat cantinas, the majority of total agriculture 
production. Production of wheat has 41%, cotton has 25%, vegetables has 21%, dry chilly has 5%, 
sunflower has 2% and other have 6% of the total production per year. The collection of residue potential 
available for the biogas production agriculture sources. As the data collected through the survey 
contained the amount of final product of each crop the household’s production throughout the 238522 
kg/year. So the residue calculation is based on the residue to product ratio. Different amount of residue is 
obtained from different crops e.g. the ratio of residue to product in the case of wheat is 1.6 and for the 
rice is 1.8 [3]. From these RPR values, the amount of residue generated from the final production of the 
crops is calculated. Residue to product ratios of wheat, sunflower and cotton are 1.8, 0.5 and 6 
respectively. These residues potential collected data on the agricultural production 685213per year, total 
residue generation for each product investigate for counting with the residue generation rate.  

Table 2. Agriculture Production 
Agriculture potential  Crops Amount (Kg/yr.) Residue to product ratio Total residue (kg/yr.) 

cotton 59280 6 355680 
wheat 97700 1.8 175860 

sunflower 3900 0.5 1950 
vegetables 50520 2 101040 
Dry chilly 11922 1.5 27883 

others 15200 1.5 22800 
Total 238522  685213 

 
4.2 Animal Resources  

The available animal percentage of village kalkani are given in the Table 3. The table showed that sheep 
are 54.6%, greater than other animals. On the second position goats are 19% and 0.38% are buffalos. The 
percent of cow was 12.09%, hens were 13.31% and other animals were 0.56%. All of the cows of this 
village are local cow. A local cow generally produces 10 kg dung each day. Therefore, total cow dung 
potential available in the village is 938050kg/year.  The number of buffalo dung potential in a village is 
43800kg/year .it is investigated for available potential calculation in a village horse 43800kg/year. Total 
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goat/sheep compost in the village is calculated 2857950kg/year and poultry18593.1kg/year. The 
production of dung is calculated in the village is 3901850 kg/year. 

Table 3. Available Animals 
Type of animal Livestock in village Dung production(kg/day) Total potential of dung (kg/year) 

Cow 257 10 938050 
Buffalo 8 15 43800 

Goat/sheep 1566 5 2857950 
Hen 283 0.18 18593.1 

Horses 12 10 43800 
Total 22126  3901850 

5. Biogas Demand and Production Potential  

5.1. Biogas demand 

The overall demand of energy in Kalkani village. As shown in the below table dung is used as the major 
fuel generation source in the village. Most of the villagers use it to generate fire for cooking and other 
purposes. After dung wood is used for generating the fire. Other sources which are used to generate fire 
for cooking and other purposes are agricultural waste, LPG and Coal. All the values are expressed in 
MJ/day. In a year dung energy demand is 1905300MJ/year, while the values of wood, agricultural waste, 
LPG and coal. Useful cooking energy demand in the case of surveyed village comes out to be 4534833 
MJ/year. Based on this useful cooking energy demand total cooking gas demand in the village is 
calculated. The estimation is based on the assumption that households cook two meals a day throughout 
the year, which is also the case for most of the surveyed households. The total cooking energy for the 
whole village is calculated 4534833 MJ/year including the fuel efficiency and then total useful energy 
demand of the village is obtained MJ/year considering the value of cooking stove efficiency. 

Table 4. Efficient cooking energy demand of the village. 
S.NO Biomass resource Total Energy Demand 

(MJ/day)* 
Cooking Stove Efficiency (%) Efficient Cooking Energy 

Demand (MJ/year) 
1 Dung 1905300 12% 228636 
2 Fuel wood 1127120 15% 169068 
3 Agricultural waste 1222020 12% 146642 
4 LPG 244258 45% 109916 
5 Coal 36135 18% 6540 
6 Total 4534833  660766 

5.2 Biogas Production Potential 

The sum of biogas potential from the available biomass deposit in the village has taken from the animal’s 
dung main resources. The biogas generation from the cow dung is calculated in the equation number one 
suggested by (Biswas & Lucas, 1996) and given as follows. 

(m3) = kg x s x (m3/kg) 

Biogas (m3) = raw material (kg) × total solid content × gas generation rate per unit of solid (m3/kg) eq. 1 
[4]. The total solid content for the cow dung is taken as 17% and gas generation rate is 0.34 m3/kg.   The 
Table 5, shows the amount of available dung in the village is 3901850 m3 kg/yr., so by using the above 
relation with total solid content 65.25% and gas generation rate 0.89 m3/kg, the amount of biogas that 
could be produced is 35889.61 m3/yr. The total biogas production is 825461.03 MJ/year, total useful 
cooking energy demand of the village is 660766 MJ/year. That the biogas production by all the cattle 
dung is large number of animals’ resource source in the village.  

Table 5. Biogas generation from available from cattle and goat/sheep 
Type of 
animals 

Total livestock’s 
in a village 

Dung 
kg/day 

Dung 
kg/year 

Total solid 
content 

Gas production 
rate(m3/kg) 

Biogas production 
rate(m3kg/year) 

Cow 277 10 2770 17 0.34 160.106 
Goat/sheep 1566 5 7830 18.25 0.25 35724.37 
Hens 283 0.18 50.94 30 0.3 4.584 
Total                                 3901850                                                               35889.061 
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6. Conclusion 

The research investigation based on the household survey of Kalkani village, District Kohlu, Balochistan 
province, Pakistan. The purpose of survey was finding out the total energy demand (cooking and 
heating), Cooking energy consumption of households is observed to increase with an increase in income 
of households. The village has various biomass potential in the form of animal dung, fuel wood and 
agricultural waste which can be used for cooking or serve as the basis for other energy carriers. Among 
the different fuels, dung meets about 44% of the total cooking and heating energy demand. The 
contribution of other biomass fuels for domestic use is 30% agricultural waste and 23% firewood. The 
other fuels like, LPG and coal has 1.7% and 0.6% shares in cooking and heating energy needs of the 
village. In this study it has been estimated that biomass and no biomass energy consumptions for cooking 
and heating is 6.82 GJ per person/year for Kalkani village. The total cooking energy for the whole village 
is calculated 4534833 MJ/year including the fuel efficiency and then total useful energy demand of the 
village is obtained 660766 MJ/year considering the values of cooking stove efficiencies of all fuels. The 
production of dung is calculated in the village is 3901850 kg/year. So by using the above relation with 
total solid content 65.25% and gas generation rate 0.89 m3/kg, the amount of biogas that could be 
produced is 35889.61 m3/yr. The total biogas production is 825461.03 MJ/year total useful cooking 
energy demand of the village is 660766 MJ/year. The remaining biogas 164695.03 MJ/year is storage. 

The majority of households need new advance facilities for cooking. The burning of cow dung and fire 
wood produce high rate of smoke, which highly effects human health and their eyes as well. The 
villagers need smoke free resources for the cooking purposes. 
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Abstract 

Jatropha (Jatropha curcas L.) is a perennial biofuel shrub belong to family Euphorbiaceae and is known 
to have origin of Central America and Mexico. Nowadays, it is grown as a potential source of biodiesel 
energy instead of petroleum. Bio-fuels are considered as a part solution for sustainable development, 
energy security and decreasing of greenhouse gas effect on the ecology. The practice of irrigating 
jatropha seedlings with saline water continuously for two months in a pot experiment, adversely affected 
soil properties and jatropha seedlings. Compared to freshwater (0.46 dS m-1), the jatropha seedlings 
irrigated with 2, 4, 6, 8, 10 and 12 ECi (dS m-1) showed 18, 31, 37, 45, 55 and 63 % reduction in height; 
11, 21, 33, 44, 60 and 76 % fewer number of leaves (plant-1); 5, 12, 19, 30, 39 and 42 % shorter leaves 
(cm) and gave 24, 36, 40, 45, 53 and 62 % lower shoot dry weight (plant-1) respectively. The adverse 
effects of brackish water on growth and development of jatropha seedlings were associated with the more 
Na+, less K+ and lower leaf K+/Na+ ratio. 

© 2016 Muneer Ahmed Memona,b; Inayatullah Rajperb; Abdul Qudoos Abbasib and Fozia Naz Memonb Selection and/or peer-
review under responsibility of Energy and Environmental Engineering Research Group (EEERG), Mehran University of 
Engineering and Technology, Jamshoro, Pakistan. 

Keywords: Jatropha, saline water, growth and development. 

1. Introduction 

The impact of saline water use on crops and soil becomes increasingly important to the growers of Sindh. 
Before irrigating their crops with saline water, the farmers should try to evaluate quality and availability 
of that water and its possible impact on plants and soil properties. Saline water decreases growth and 
water contents of plants and also decreases oil yield of plants (Maes et al., 2009; Silva et al., 2010). The 
bio-fuel plants available in Sindh consist of jatropha, castor oil, flax, etc. Among these, the jatropha has 
recently been introduced and adopted by some growers in the Sindh province; just to minimize the fuel 
and energy crises and demand of the country. The response of jatropha plant to salts may give an 
important clue for its adaptation to saline irrigation stress. In Pakistan particularly in Sindh province 
groundwater quality does not meet the standards drafted by the country for the crop use. Although, 
salinity has become an alarming problem of agriculture throughout the world, the development of this 
menace is of a greater magnitude in arid and semi-arid areas. This is mainly due to high transpiration and 
low precipitation, which disturb the salt balance in the soil; this also enhance brackishness of 
groundwater and ultimately induce negative impact on plant growth (Rhoades and Lovaday, 1990; 
Evans, 1998). Jatropha (Jtropha curcas L.) is belong to Euphorbiaceae, oil yielding family and is known 
to have an origin of Central America and Mexico. The genus jatropha has 476 species and is distributed 
throughout the world; it is a hardy and drought tolerant plant as well; it can be cultivate on poor lands 
with inadequate inputs (Srivastava, 1999; Patil and Bhandare, 2003). Jatropha is now promoted as a 
biodiesel crop in comparison with petro diesel to mitigate the global warming pressure (Wilson, 2010). 
Recently, jatropha has received much attention as a potential source of energy (Biofuel) that can replace 
petroleum, and in particular the production of biodiesel (Andrew et al., 2009). Biodiesel, an environment 
friendly fuel similar to petro-diesel in combustion properties, has received considerable attention in the 
recent past worldwide.  Jatropha oil can safely be used for transportation by blending up-to 20% with 
petro-diesel. However, the refined oil is a qualified neat biodiesel. Jatropha grows well under subtropical 
and tropical climates. Bio-diesel is a methyl or ethyl ester of fatty acid made from renewable biological 
resources such as vegetable oils (both edible and non-edible), recycled waste of vegetable oil and animal 
fats (Demirbas, 2000; Kinney and Clemente, 2005; Wilson et al., 2005). The better growth and 
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development for jatropha is observed on sandy and sandy loam soils of at least 45 cm depth (Gour, 
2006). Heavy soils are less suitable for jatropha cultivation due to very poor drainage, jatropha is 
intolerant of waterlogged conditions while it is reported that jatropha has ability to grow in alkaline soils, 
having soil pH range should be within 6.0 to 8.0/8.5 (FACT, 2007). Jatropha oil is an environmentally 
safe and cost-effective renewable source of non-conventional energy and promising substitute for diesel, 
kerosene and other fuels. Almost three quarters of the surface of the earth is covered by salt water and so 
it is not surprising that salts affect a significant proportion of the world's land surface. Pakistan is arid to 
semi-arid country, located between the longitudes 61° east to 76° east and between latitude 23° north to 
37° north.  It is also reported that about 70% tube-wells are pumping saline sodic water for irrigation on 
in Indus basin. The soils irrigated with saline sodic water turns into sodic from saline soil and crops yield 
also severely affected (Khloon et al., 2003). However, variation may occur for salinity tolerance in 
different plants. This paper reports the response of jatropha seedlings to saline water. 

2. Materials and Methods 

This experiment was conducted in a wire-house at the Center for Bio saline Agriculture, Department 
of Soil Science, Faculty of Crop Production, Sindh Agriculture University, Tandojam. The soil was 
collected from Latif Experimental farm of Sindh Agriculture University, Tandojam. The air-dried soil (l 
kg bag-1) was placed in polyethylene bags with drainage holes at bottom. The polyethylene bags were 
placed on wooden benches of wire house in a completely randomized design order. Jatropha seed 
(provided by Pakistan Bio-fuels Karachi, Sindh), were placed 1 cm deep and 2 cm apart. After 
emergence, only one seedling was allowed to grow in each polyethylene bag. Groundwater having ECi 12 
dS m-1, pH 7.95 and SAR 27 was collected from the field (near Detha Railway Station on Hyderabad-
Mirpurkhas Road). Seven saline water treatments (T1: control/ canal water ECi 0.46 dS m-1, T2: ECi 2 dS 
m-1, T3: ECi 4 dS m-1, T4: ECi 6 dS m-1, T5: ECi 8 dS m-1, T6: ECi 10 dS m-1 and T7: ECi 12 dS m-1) were 
established by blending brackish groundwater with canal water (ECi 0.46 dS m-1). In saline water 
treatments, plants were receiving continuously salty water, whereas in control, plants were regularly 
irrigated with canal water only. Sixty days after sowing, the experiment was terminated and plants were 
removed carefully from each bag to record plant height (cm), leaf length and shoot dry weight (plant-1). 
Fully expanded top leaves were detached, placed in paper bags after chopping into small pieces and then 
oven dried at 70 oC for 48 hours. Further more samples were ground through a mill and then processed 
for analyses of Na+ and K+ by flame photometry USSL, 1954). Before experimentation the soil was 
analyzed for texture, ECe, pH, organic matter (%), Na+, K+, Ca2+ and Mg2+ contents, following the 
appropriate methods of soil analysis adopted by the Department of Soil Science. Exchangeable sodium 
percentage was calculated by the formula of Rowell (1954). The plant data was processed and analyzed 
statistically using MINITAB .12. Software. 

3. Results and Discussion 

Practice of using saline water seemed to be adversely effective for both soil and jatropha plants. The soil 
data given in the Table-1 and 2, indicate that as related to control (0.46 dS m-1), the soil received saline 
water turned into saline-sodic i.e. it showed rise in exchangeable sodium percentage (ESP) and ECe (dS 
m-1) as well. This clearly suggests that care must be taken while irrigating soils with saline water because 
saline water increases the salt concentration in soil. Several studies conducted on investigating the 
adverse effect of saline water on soils revealed that saline water used in agriculture increases salinity and 
sodicity problem in soil (Gupta, 1990). 

Table 1. Soil properties before planting and at harvest 
Property Before planting At harvest 

Texture  
 

Sand  69 % 
Silt    17.5% 
Clay   13.5% 

 
- 

Textural Class Sandy loam - 

ECe (dS m-1) 0.26 7.80 

pH (H2O) 7.10 7.90 

Organic matter (%) 0.45 - 

ESP (%) 0.14 18.60 
CaCO3 (%) 8.70 8.79 
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Table 2. Effect of saline irrigation water on change in Soil ECe (dS m-1) and pH respectively. 
ECi (dS m-1) of irrigation water At harvest, ECe (dS m-1) of soil At harvest, pH of soil 
0.46 0.26 7.10 
2 1.30 7.25 

4 2.47 7.39 

6 3.90 7.43 

8 5.83 7.67 

10 6.27 7.77 
12 7.81 7.90 

Table 3. Effect of saline irrigation water on number of leaves (plant-1), Leaf length (cm) and shot dry weight (g) (plant-1). 
ECe  
(dS m-1) 

Number of leaves  
(plant-1) 

ROC  
(%) 

Leaf length  
(cm) 

ROC  
(%) 

Shoot dry weight (g)  
(plant-1) 

ROC  
(%) 

Control (0.46) 36.00±0.001 - 36.00±0.001 - 32.00±0.001 - 

2 32.0±0.210 11.0 34.0±0.050 5.0 24.29±0.064 24.0 

4 28.4±0.401 21.0 31.6±0.060 12.0 20.60±0.061 36.0 

6 24.0±0.307 33.0 29.1±0.030 19.0 19.00±0.042 40.0 

8 20.0±0.307 44.0 25.0±0.365 30.0 17.80±0.020 45.0 

10 14.4±0.210 60.0 21.9±0.307 39.0 15.00±0.210 53.0 

12 08.4±0.026 76.0 20.8±0.258 42.0 12.15±0.021 62.0 

 ,ROC: Reduction over control٭

Table 4. Effect of saline water on leaves Na+, K+, Cl- and K+/Na+ ratio determined in the jatropha leaf tissue. 
ECe  
(dS m-1) Leaf Na+ (%)     ٭IOC (%) Leaf Cl- (%)  ٭IOC (%) Leaf K+ (%)   ٭ROC (%) K+/Na+ (%) ٭ROC (%) 

0.46  0.43 -  0.05  - 1.35 -  3.23  -  

2 0.957±0. 000 109 0.113±0.000 053 1.201±0.000 11 1.350±0.003 58 

4 1.201±0. 002 137 0.222±0.001 105 1.039±0.001 23 1.030±0.000 68 

6 1.590±0. 003 181 0.331±0.002 156 0.796±0.001 41 0.466±0.002 80 

8 1.990±0. 004 228 0.443±0.001 209 0.634±0.000 53 0.451±0.000 86 

10 2.340±0. 003 267 0.534±0.003 252 0.580±0.001 57 0.323±0.000 90 

12 2.800±0. 005 319 0.534±0.004 315 0.540±0.003 60 0.032±0.000 100 

 ,IOC: Reduction over control٭ ,ROC: Reduction over control٭

As shown in the Tables 3 and 4, the data related to agronomical observations indicate that water salinity 
had negative impact on the growth and development of jatropha seedlings, it decreased number and 
length of leaves. This suggests that the adverse effect of water salinity on plants was possibly due to the 
ion-specific effect of Na+ and Cl-, when these toxic ions accumulate in higher centration in the leaves, 
leaves become narrow/small in size and do not emerge at normal rate. It is also well documented that 
salinity reduces the rate at which growing leaves expand and the leaves emerge very slowly (Munns and 
Tester, 2008). It is also clear from this study that the seedlings grew in saline water environment were 
shorter in height (cm) and had very thin stem. The stress given by water salinity largely decreased shoot 
dry weight of jatropha seedlings. The reduction in shoot dry weight occurred possibly due to the rapid 
increase in external osmotic pressure and accumulation of Na+ in leaves (Lauchli, 1984; Storey and 
Walker, 1999). That reduction in leaf growth under saline environment is also regulated by plant 
hormones (Tracy et al., 2008; Knight et al., 2002). In several previous reports (Harcleet al., 2008) it is 
clearly written that salinity is negative to leaf production and other important growth parameters of 
various cops and plants. A study conducted by Sharma et al., (2008) indicates that water salinity reduces 
shoot and leaf growth of plants, possibly creating change in osmotic or water potential and ionic toxicity 
caused by the Na+ and Cl- ions. Decrease in internal water content and water potential of plant cells has 
also been found negative to shoot growth, by various scientists including Munns and Tester (2008); Patel 
et al. (2010). The impact of saline irrigation on the growth of plants is considered as ionic effect; that 
starts much later than the osmotic effect. In this study compared to freshwater, the jatropha seedlings 
irrigated with saline water contained more Na+ and Cl- which are toxic in nature and less K+, which is 
considered as quality enhancing, nutrient elements. That suggests the antagonistic effect of Na+ for K+ 
under saline irrigation environment. It is evident from various other reports that plants respond directly 
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and specifically to the addition of Na+ within seconds (Knight, 2002; Tracy et al., 2008). Leaf blade has 
been reported as the main site of plants to accumulate Na+ (Munns, 2002). At this site more Na+ 
accumulated, rather than in roots. Once the Na+ is delivered to shoot, much amount of it remains in the 
shoot (Munns and Tester, 2008). Finally the study indicated that using saline water to irrigate jatropha 
plants is adverse, water ECi beyond 2 dS m-1 showed more than 20% reduction in majority of the 
parameters. Hence, the jatropha seedlings may not be irrigated with saline water having ECi above 2 dS 
m-1.  
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