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ABSTRACT 

Developing countries such as India is facing an increasing demand for energy. Having very 
limited fossil fuels, there is energy crisis because  most of the energy requirement is fulfilled by 
Fossil fuel. On the other hand, the country does have abundant reserves of Renewable sources of 

energy that can be a major component in providing part of the overall energy supply. Biomass has 
some comparative advantage over other renewable sources that can essentially contribute to 

power generation. Biomass can be converted for electricity generation with appropriate 
conversion methods including thermo chemical, Biochemical and chemical. In Indian context 
potential sources of biomass can be divided into in the form of Agriculture Residue, Animal 

Excreta, Energy Farming, Sewage Waste, Tannery Waste, Brewery Waste, Slaughter House 

Waste and food & Vegetable Waste. Each type of Biomass energy source has its advantages and 
disadvantages, so that selecting the most appropriate source among them is very important to gain 

the optimal benefit. In such a condition multi criterion decision making (MCDM) methods are 
widely used. 

The Analytic Hierarchy Process (AHP) a MCDM model introduced by Thomas Saaty, is an 
effective tool for dealing with such complex decision making, and may aid the decision maker to 
set priorities and make the best decision. The AHP helps to capture both subjective and objective 

aspects of a decision by reducing complex decisions to a series of pair wise comparisons and then 
synthesize the results. 

In this research, we have selected and prioritize multifaceted criteria like Total Availability of 

Biomass, Conversion Technology, Process efficiency, Cost of Biomass Resources, Capital 

Cost Involved and Emission Released using AHP ( Super Decision Software ) for the 

prioritization of most appropriate Biomass energy sources in Indian context. 
Key Words: Analytical Hierarchical Process, Biomass energy, Energy Crisis, Multifaceted 

criteria, Renewable Energy, Super Decision Software  

 

1. INTRODUCTION 

Promoting renewable energy Resources in India has shouldered great importance in recent years 
in view of rapid increase in energy consumption, high share of fossil fuel in domestic energy 

consumption and heavy dependence on imports of petroleum fuels [1,2].Renewable energy from 
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biomass is one of the most efficient and effective option amongst other alternative sources of 
energy currently available. Further, renewable energy from biomass is available as a domestic 
resource, which is not affected by global price Fluctuations or the uncertainties in supplies as in 

case of imported and Nonrenewable [2, 3].  
The biomass resources are organic matters in which solar energy is stored in chemical bonds. It 

generally consists of carbon, hydrogen, oxygen, nitrogen and sulphur in minor proportions. Some 
biomass also consists of significant amounts of inorganic species. The conversion of biomass into 
energy also results in significant reduction in volumes of digested sludge which can be used as a 

fertilizer in agricultural fields [3-4].In Indian context potential sources of biomass is categorized  
as Agriculture Residue, Animal Excreta, Energy Farming, Sewage Waste, Tannery Waste, 

Brewery Waste, Slaughter House Waste and food &Vegetable Waste . Each type of Biomass 
energy source has its advantages and disadvantages, and thus choosing the most appropriate 
source amongst them as per the requirement is very important to gain the optimal benefits. In such 

a condition multi criterion decision making (MCDM) methods are widely used.  
The Analytic Hierarchy Process (AHP) a MCDM model introduced by Thomas Saaty,  is an 

effective tool for dealing with such complex decision making problems and may suppo rt the 
decision maker to set priorities and make the finest decision. The AHP helps to capture both 
subjective and objective aspects of a decision by sinking complex decisions to a series of pairwise 

comparisons and then synthesizing the results. The essence of AHP is that it simplifies a complex 
decision by decomposing the problem into a hierarchy of ‘criteria’ or sub-problems to be analyzed 

individually.  
The purpose of this research is to select and prioritize amongst the following multifaceted criteria 
Total Availability of Biomass, Conversion Technology, Process efficiency, Cost of Biomass 

Resources, Capital Cost Involved and Emission Released for the prioritization Biomass energy 
sources in Indian Perspective using AHP (Super Decision Software).  
2. BIOMASS ENERGY IN INDIA 

The biomass resources in India is available in plenty in the form of Agriculture Residue, Animal 
Excreta, Energy Farming, Sewage Waste, Tannery Waste, Brewery Waste, Slaughter House 

Waste and food & Vegetable Waste. A brief description about all of these has been given in the 
following subsections. 
2.1 Agricultural Residue 

The term agricultural residue is used to describe all the organic materials which are produced as 
the by-products from harvesting and processing of agricultural crops. India being an agrarian 

country, agriculture is the main source of livelihood for majority of the people. [6,7]. 
 2.2 Animal Excreta 
Animal manure is principally composed of organic material, moisture and ash. Decomposition of 

animal manure can occur either in an aerobic or anaerobic environment. Under aerobic conditions, 
CO2 and stabilized organic materials are produced [8]. Under anaerobic conditions mainly CH4 

and CO2 are produced. Since there is huge potential of animal manure produced annually can be 
substantial for a country like India, hence the potential for CH4 production is significant. 
2.3 Energy crops 

Crops that have been used for energy is called as Energy Crops. There are several factors, which 
determine whether a crop is suitable for energy use. The main material properties of interest 

during subsequent processing as an energy source, relate to—moisture content (intrinsic and 
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extrinsic), calorific value, proportions of fixed carbon and volatiles, ash/ residue content, alkali 
metal content, and cellulose/lignin ratio [9]. A large population in India is dependent on 
agriculture as their livelihood.  Therefore the potential of various kinds of energy crops 

availability exists in Indian villages [10, 11].  
2.4 Food and Vegetable Waste 

The hotel, restaurants and community kitchens produce a lot of waste such as uneaten food, 
vegetables, meat, and dish washings, etc .All these wastes make a potential feedstock for biogas 
generation by anaerobic digestion. The potential exists for these wastes to be anaerobically 

digested to produce biogas, or fermented to produce ethanol [12, 13, and 14]. 
 2.4 Sugar and Brewery Industries 

Sugar and Brewery Industries operations generate various solid waste and other process wastes 
including wastewater and press mud. The major process wastewater streams from these industries 
had been used for anaerobic digestion and produced biogas. 

2.5 Sewage Waste 
The wastewater generated from urban area can be collected through organized sewa ge collection 

system. The wastewater obtained is treated and the sludge obtained from the treatment is then 
dried and used as manure. The wastewater sludge when anaerobically digested can produce 
biogas and the volume of digested sludge is significantly reduced [15, 16, 17]. 

2.6 Tannery Waste 
Disposal of the vast amounts of tannery waste that are currently generated is a significant 

problem. With the help of anaerobic treatment of different types of tannery waste (fleshing, skin 
trimmings and wastewater sludge) Biogas can be produced.  
 

3. VARIOUS CONVERSION ROUTES FOR BIOMASS TO ENERGY 

Biomass can be converted into useful forms of energy using a number of different processes. 
Factors that influence the choice of conversion process are: the type and quantity of biomass 

available, the ultimate application of energy, environmental norms and economic viability. The 
conversion technologies to utilize biomass can be classified into three basic categories as given in 

Fig 1. 

Biomass

Feedstock Processing

Thermo chemical 
Conversion

Biochemical 
Conversion

Combustion Pyrolysis Gasification Biogas Bioethanol Biodiesel

Chemical  
Conversion

Biomass Conversion Processes

 
Fig.1: Various conversion Process for Biomass to Energy Conversion 
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The Brief discussion of above Biomass to Energy conversion process is given below:  
3.1 Thermo-Chemical Conversion 

Thermo-chemical biomass conversion does include a number of possible roots to produce useful 
fuels and chemicals from the initial biomass feedstock. In addition to obtain heat from biomass, 

wastes can be converted into a mixture of gases, liquids and carbon char. The proportions of the 
various products are dependent upon the feedstock, temperature and pressure of the reaction, the 
time spent in the reaction zone, and the heating rate. There are mainly three types of thermo 

chemical conversion processes are available. 
3.1.1 Combustion 

Combustion is a thermo-chemical conversion process type that utilizes as major biomass 
feedstock wood to produce fuels for heat, steams or electricity. Combustion is widely used on 
various scales to convert biomass energy to heat and/or electricity with the help of a steam cycle.  

3.1.2 Pyrolysis 
Pyrolysis is a thermochemical decomposition of organic material at elevated temperatures in the 

absence of oxygen or in a limited oxygen supply. Organic materials are transformed into various 
valuable source of energy.  
3.1.3 Gasification 

Gasification Process is carried out at elevated temperatures in order to optimize the gas 
production to produce synthesis gas. One major advantage of gasification is the wide range of 

biomass resources available, ranging from agricultural crops, and dedicated energy crops to 
residues and organic wastes.  
 3.2 Bio-Chemical Conversion 

Biochemical conversion is the process by which biomass is converted into gas (CO2/CH4), waste 
(compost or fertilizer) and water (water orC2H5OH) by using microorganisms. Biochemical 
systems are among the most promising, environmentally sustainable alternatives for reducing 

atmospheric carbon dioxide (CO2) levels.  
3.2.1 Biogas 

Anaerobic digestion of biomass produces a mixed gas output of methane and carbon dioxide. It 
not only solves the pollution problem but also produces energy and organic fertilizer from a 
renewable source.  

3.2.2 Bio-Ethanol 
Bio-Ethanol can be produced from certain biomass materials which contain sugars, starch or 

cellulose such as corn, sugarcane, or sweet sorghum by fermentation process. 
3.3 Chemical Conversion 
In chemical conversion process, available Biomass is converted into useful energy by the process 

of transesterification. The transesterification is an important process to produce the cleaner and 
environmentally safe fuel from seeds of energy crops. 

3.3.1 Bio-Diesel 
Bio-diesel which is considered as a possible substitute of conventional diesel fuel is commonly 
composed of fatty acid methyl/ethyl esters, obtained from triglycerides by transesterification with 

methanol/ethanol respectively.  
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4. SELECTION OF MULTIFACETED CRITERIA AND METHODOLOGY 

In the Analytic Hierarchy Process a decision problem is structured as a hierarchy with a goal node 
at the top, criteria influencing the goal in the level below (there may also be several additional 

levels of sub-criteria), and the alternatives of the decision in the bottom level.  
The Selection of multifaceted criteria for the Prioritization of Different Available Biomass for the 

Production of Renewable Electric Power in Indian Context is very crucial step of this process.  
Various criteria like Total Availability of Biomass, Conversion Technology, Process 

efficiency, Cost of Biomass Resources, Capital Cost Involved and Emission Released are 

selected from the literature review and discussion with experts from different sectors that are 
related to the problem improves the effectiveness and correctness of the decision.  

The benefit of the proposed model is that it increases the effectiveness of the decision by allowing 
participation of different experts. Multiple decision makers are often preferred rather than a single 
decision maker, to avoid bias and minimize partiality in the decision process. Since decisions 

made in the energy sector affect all society and sectors, these decisions should not be made by the 
initiative of one man or through one sector. The criteria will be pairwise compared for importance 

to establish their priorities with respect to the goal. The Biomass Alternatives will be pairwise 
compared for preference to establish their priorities with respect to each criterion. The results of 
all these comparisons will be combined to give the best alternative with the highest priority. The 

goal and criteria are one comparison group with the goal as the parent and the criteria as the 
children. The criteria will be pairwise compared with respect to the Goal for importance. Each 

criterion connected to the alternatives forms a comparison group with that criterion as the parent 
and the alternative as children [19,20,21]. The alternatives will be pairwise compared with respect 
to the criterion for preference as shown in Fig.2 given below. 

Prioritization of Different Available Biomass for the Production of 

Renewable Electric Power in Indian Context

1.Total 

Availability

2.Conversion 

Technology

3.Cost of 

Biomass 

Resource

4. Capital cost 

Involved

5.Process 

Efficiency

6.Emission 

Released

7.Food and 

Vegetable 

Waste

6.Sewage 

Waste

5.Tannery 

Waste

4.Sugar Mill 

and Brewery 

Waste

3.Animal 

Excreta

2.Energy 

Farming

1.Agriculture 

Residue

Fig 2:  The hierarchy of biomass priority 

In this research SuperDecisions software designed by William J. Adams is used for the 
implementation for decision making. It decomposes a problem systematically and incorporates 

judgments on intangible factors alongside tangible factors. In the SuperDecisions software a 
decision model is made up of clusters, nodes and links. Clusters are groupings of nodes which are 
logically related factors of the decision. Connections are made among nodes to establish 

comparison groups and when nodes are connected links automatically appear between their 
clusters. In a hierarchy the links go only downward: from the goal node to the criterion nodes and 
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from each Criterion node to the alternative nodes.Below is a screenshot of the Biomass 
Alternatives hierarchy as it appears in the software in Fig.3 

 
Fig 3:  The hierarchy of links in Super Decision Software  

The pairwise comparison judgments are made using the Fundamental Scale of the AHP and the 
judgments are arranged in the pairwise comparison matrix. The pairwise comparison judgments 

used in the AHP pairwise comparison matrix are defined as shown in the Fundamental Scale of 
the AHP given by Thomas Satty below in Table 1. 

Table .1: The Fundamental Scale of the AHP 

Intensity of 

importance 
 

Definition Explanation 

1 Equal importance  Two elements contribute equally to the 

objective 

3 Moderate importance 
 

Experience and judgment slightly favor 
one element over another 

5 Strong importance Experience and judgment strongly favor 

one element over another 

7 Very strong importance  An activity is favored very strongly over 
another 

9 Absolute importance  The evidence favoring one activity over 
another is of the highest possible order 

of affirmation 

2,4,6,8 Used to express 
intermediate values 

 

Decimals  1.1, 1.2, 1.3, …1.9 For comparing elements that are very 

close 
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The numbers in the cells in an AHP matrix, by convention, indicate the dominance of the row 
element over the column element; a cell is named by its position (Row, Column) with the row 
element first then the column element.  Only the judgments in the unshaded area need to be made 

and entered because the inverse of a judgment automatically entered in its transpose cell. The 
diagonal elements are always 1, because an element equals itself in importance. If the number of 

elements is n the number of judgments is n (n-1)/2 to do the complete set of judgments as shown 
in Table-2. 
  

Table 2: Matrix showing Pairwise Comparison 
Goal 1.Total 

Availabili

ty 

2.Conversion 

Technology 

3.Cost of 

Biomass 

Resource 

4.Capital 

Cost 

Involved 

 

5.Process 

Efficiency 

6.Emission 

Released 

1.Total 

Availability 

1 1 1/5 1/5 5 9 

2.Conversio

n 

Technology 

 1 1/3 1/3 3 7 

3.Cost of 

Biomass 

Resource 

  

 

1 1 5 7 

4.Capital 

Cost 

Involved 

   1 5 7 

5.Process 

Efficiency 

    1 5 

6.Emission 

Released 

     1 

 
Priorities for the criteria are obtained by calculating the principal eigenvector of the above matrix. 
A short computational way to obtain this vector is to raise the matrix to powers. Fast convergence 

is obtained by successively squaring the matrix. The row sums are calculated and normalized. The 
computation is stopped when the difference between these sums in two consecutive calculations 

of the power is smaller than a prescribed value. 
The priorities of an AHP pairwise comparison matrix are obtained by solving for the principal 
eigenvector of the matrix. The mathematical equation for the principal eigenvector w and 

principal eigenvalue λmax of a matrix A is given below. It says that if a matrix A times a vector w 
equals a constant (λmax is a constant) times the same vector, that vector is an eigenvector of the 

matrix. Matrices have had more than one eigenvector; the principal eigenvector which is 
associated with the principal eigenvalue λmax (that is, the largest eigenvalue) of A is the solution 
vector used for an AHP pairwise comparison matrix. Aw = λmax w 

 
The SuperDecisions software uses a special algorithm to remember and display additional 

priorities in the Limit supermatrix that appeared in successive powers of the matrix and give 
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useful information. The final overall priorities for the alternatives, in raw unnormalized form, 
appear in the column beneath the goal. The priorities for the criteria in the goal column, when 
normalized, are the original priorities derived by pairwise comparison. The weighted supermatrix 

is raised to powers until it converges to the limit supermatrix which contains the final results, the 
priorities for the alternatives, as well as the overall priorities for all the other elements in the 

model. It happens that the weighted supermatrix is the same as the unweighted supermatrix for an 
AHP hierarchy, so raise the matrix above to powers.  
 

4. Results and Discussion 

 

Six types of multifaceted criteria Total Availability of Biomass, Conversion Technology, 

Process efficiency, Cost of Biomass Resources, Capital Cost Involved and Emission Released 

have been evaluated to determine the most appropriate one for the prioritization of most 

appropriate Biomass energy resources in Indian Perspective . A selection methodology based on 
AHP (Super Decision Software) is proposed. This methodology involves a procedure for the 

aggregation of expert opinion using the six selection criteria that are appropriate for India. 
Experts involved in the assessment found that the Cost of Biomass energy resource and Capital 

cost involved are the most important criteria having the priority of 0.32840 each, followed by the 

priorities of Total Availability and Conversion Technology as 0.13631 and 0.12470  
respectively. While other criteria Process Efficiency and Emission Released have lower scores 

0.05757 and 0.02463 respectively. 
 
The Results above mentioned is shown below in Fig.4, the screenshot from super decision 

software. 
  

 
Fig.4:  The screenshot from super decision software showing priorities. 

The results of the above decision can also be shown as below in Table3. 
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Table 3: Priorities of Different Criteria 

 

Inconsistency 0.09857

Name Normalized Idealized

1.Total Availbility 0.136312578 0.415087238

2. Conversion Technology 0.124701512 0.379730229

3. Cost of Biomass Resource 0.32839501 1

4. Capital cost involved in Production 0.32839501 1

5. Process Efficiency 0.057569926 0.175306944

6. Emmision Released 0.024625965 0.074988851
 
It is very clear from the above results that the criteria related to economic aspects are more 

important than any other criteria. The benefit of the proposed model is that it increases the 
effectiveness of the decision by allowing participation of different experts. Since decisions made 

in the energy sector affect all society and sectors, these decisions should not be made by the 
initiative of individual or through one sector. 
 

6. Conclusion 
Due to growing industrialization need for energy is essential for progress of the nation. It mainly 

depends on fossil fuels while it holds a huge potential of Renewable sources of energy.  
Production of Energy from biomass is one of the alternative renewable energy Resource. Biomass 
Energy can be produced and converted to energy in different kinds of conversion plants with 

different scales that use various conversion technologies. Each type of Biomass energy source has 
its own advantages and disadvantages, thus selecting the most appropriate source amongst them 

are very important to gain the optimum benefit. Keeping this in mind a selection methodology 
was proposed, based on AHP, which involved a procedure for the aggregation of expert opinions.  
 

It can be concluded by results achieved that the experts involved in the assessment found that in 
the criteria related to Cost of Biomass energy resource and Capital cost economic are more 

important than any other criteria. Both are related to the economic aspects of Biomass energy 
resources. The economic criterion is associated with the financial benefits derived from investing 
on Biomass resources for energy production.  

 
It should be noted that the model’s application is country-specific, since the strategic criteria 

depend on the country’s specific Biomass energy characteristics and development needs. In terms 
of Biomass Energy Planning, the ranking of Criteria involved in this study is useful to Energy 
Planners in determining investment priorities in the field of Biomass Energy. The method used 

and the results obtained from this study can be used in the further research. 
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