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Abstract— In the present work, for the site selection of 

thermal power plant a methodology based upon Graph 

Theory and Matrix Method (GTMM) is proposed. The 

objective of this research is to first identify, rank and relate 

the important factors and sub factors relevant to the power 

plant location selection and provide a framework of 

relationships amongst factors using Graph Theory Approach 

(GTA). GTA is a systematic and logical approach which 

synthesizes the interrelationship among different parameters 

or sub-system parameters and provides a score for the entire 

system that is helpful for site selection of power plant. 
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I. INTRODUCTION 

Energy planning aim involves finding a set of sources and 

conversion devices so as to meet the energy 

requirements/demands of all the tasks in an optimal manner. 

Making an energy planning decision involves a process of 

balancing ecological, social, technical, and economic 

aspects over space and time. This balance is important to the 

survival of nature and to the prosperity of energy dependent 

nations. 

The evaluation of the alternative locations, and 

selection of the most suitable and efficient locations for 

thermal power plants (TPPs) is also a vital multi-criteria 

decision making problem. Location choice for TPP affects 

the amount of generated energy, power plant’s productivity, 

cost of power generation and transmission, economic 

development and environment. Selection of unsuitable 

location for thermal power plant (TPP) will lead to increased 

costs, waste of energy and resources, and increased 

environmental pollution, which has a tremendous negative 

impact on society. 

Site selection of a power plant is vital because 

power plant affect the environment by its construction and 

its operation. These effects, or impacts, are either temporary 

or permanent. A power plant and its auxiliary components 

(e.g. Natural gas pipelines, water intakes and discharge, coal 

delivery and storage systems, new Transmission lines and 

waste disposal sites) take up space on the ground and in the 

air, use water Resources, and, in most cases, emit pollutants 

into the air. The plant’s footprint on the ground eliminates 

opportunities for others to purchase or use the land. It also 

affect the existing or future uses of adjoining and nearby 

land. A coal-fired plant includes some relatively tall 

Buildings and high exhaust stacks. The plant’s height may 

result in safety concerns for aircraft or visual impacts for 

local land owners. Fossil fuel-fired and biomass-fired plants 

burn fuels to make either hot air or steam needed to spin 

power turbines generating electricity. Nuclear power plants 

use the nuclear fission reaction to create steam to do the 

same. The burning of fuel creates exhaust gases and other 

by-products, including air pollutants. The use of water to 

make steam requires large quantities of water from nearby 

rivers or lakes, or from local underground water aquifers. In 

some cases, water must be discharged from the plant after it 

has been used. The amount of used water discharged, the 

discharge water’s temperature, and the concentration of 

pollutants in the water are all factors to be considered. A 

variety of solid wastes can be produced, and these must be 

handled. The combustion of coal creates ash as a solid 

waste. Nuclear power plants create spent nuclear fuel rods 

and low-level radioactive wastes. Power plant that use water 

to create steam or for cooling must often filter and purify the 

water before discharging to surface waters. The filtered 

solids are a by-product that must be disposed appropriately 

.The water used for cooling is often run through cooling 

towers to reduce the heat. The air that’s warmed by the 

water in the cooling tower goes into the atmosphere carrying 

great quantities of water as vapor, in some cases millions of 

gallons per day. That lost water vapor, obtained locally, 

represents significant water consumption by the power 

plant. Some aspects of the construction and operation of a 

power plant have unsettling effects on the community in 

which the power plant is built. Construction of the power 

plant, while very organized, can be viewed by surrounding 

landowners and other citizens as ugly and chaotic and might 

have an effect on community aesthetics or business. Costs 

for community services such as police, fire protection, 

emergency medical service, and traffic control can increase. 

Additional requirements might be placed on the municipal 

water supply or wastewater treatment capacity, or on solid-

waste management systems. Coal-fired power plants require 

an efficient, reliable and long term means of coal delivery, 

usually by rail or barge. Nearby road or rail traffic might be 

complicated or burdened by construction traffic and the 

delivery of materials, particularly large items. Noise levels 

in neighborhoods might increase during construction, and 

power plant operation also creates noise and vibration. The 

cooling towers of an operating power plant can also create 

fog and ice. Air space issues and compatibility with local 

land use must be considered in light of the space the power 

plant occupies and the way it operates. There also can be 

positive effects on the community such as jobs for local 

residents and purchases of locally-produced goods and 

services creating additional income streams for the area. 

Local tax revenue or state shared revenue for the local 

municipalities would increase. And, of course, the electricity 

produced by the plant could replace out-of-state power 

purchases whose prices might be more volatile and 

unreliable. The operation of the plant also could help 

stabilize the local electric transmission grid so that power is 

more efficiently and reliably moved from one place to 

another. For a 1000-MW plant, site requirements are 

estimated as follows: nuclear, 1- 4     (247- 988 acres), 

solar or photovoltaic park, 20-50    ; a wind field,  50-150 
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   ; and biomass, 4,000-6,000    . For thermal power 

plant of 5x800MW 2440 acres ) (Samantaray et al 2004). 

A. Methodology for Graph Theory and Matrix Method 

Graph theory is a logical and systematic approach useful for 

modeling and analyzing various kinds of systems and 

problems in many fields of science and technology. If the 

graph/digraph is complex, it becomes difficult to analyze it 

visually. Quick analysis may be carried out by logical and 

systematic computer programming tool through the use of 

the matrix method. It is a three stage integrated systems 

approach. 

(1) Modeling of system and subsystem in terms of 

nodes and edges for structural representation in the 

form of directed graph (digraph) which is suitable 

for visual analysis and gives a better understanding 

of interrelationships among system and 

subsystems. 

(2) Digraph representation is converted to matrix form, 

which is suitable for computational analysis. Value 

of each element in the matrix is assigned based 

upon inheritance of system or subsystem and their 

interdependency.  

(3) Matrix model is solved and results in the 

expression form called as permanent function. 

After quantification of each term of permanent 

function, result is represented in term of a single 

numerical index which is the indication of system 

performance. 

 
Fig. 1: Digraph showing Five System and their interdependencies

II. SYSTEM DIGRAPH  

A system digraph is prepared to represent the selection 

factors of the site selection of thermal power plant in terms 

of nodes and edges. Let nodes represent selection factors 

and edges represent their interactions. It represents factors 

(Di’s) through its nodes and dependence of factors (dij’s) 

through its edges. Di indicates the inheritance of factors and 

dij indicates degree of dependence of jth factor on ith factor. 

In the digraph bij is represented as a directed edge from 

node i to node j. The digraph permits to show the proposed 

factors and interactions between factors. In particular five 

factors identified form the System digraph. The five factors 

– Availability of resources (D1), Economical impact (D2), 

Environment Concern (D3), Social Concern (D4), and 

Accessibility and interactions amongst them are shown in 

Figure 1. 

III. MATRIX REPRESENTATION  

The Variable Permanent system Matrix (VPSM) for five 

systems, for a general case with N system, is represented as: 

 
It may be noted that above matrix represents 

inherent values of the system that is Di’s (i = 1, 2 …, N) and 

the interaction amongst sub-system is dij’s (i, j = 1, 2 …, N 

and i ≠ j). 

IV. PERMANENT REPRESENTATION 

Both digraph and matrix representations are not unique in 

nature because they are transformed by changing the tags of 

their nodes. Hence, to develop a distinctive representation 

that is independent of labeling, a permanent function of the 

site selection attribute matrix is projected here. The 

permanent is a standard matrix function and is used in 

combinatorial mathematics (Deo, 2007; Dev et al, 2013 and 

2014; Jurkat and Ryser, 1966). The permanent function is 

obtained in a similar manner as the determinant but in a 

determinant where a negative sign appears in the 

calculation, in a variable permanent function positive signs 
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replace these negative signs. Permanent Function for a 

general case with n attributes (for matrix expression (1)) is 

written as per Jurkat and Ryser (1966) formula as: 

 
Equation (2) contains N terms organized in N+ 1 

groups, where N is number of elements.  The physical 

implication of various grouping is elucidated as under: 

 The first grouping epitomizes the measures of N 

sub-system.  

 The second grouping is absent as there is no self-

loop in the digraph. 

 The third grouping encompasses 2-sub- system 

interaction loops and measures of (N-2) sub-

system.  

 Each term of the fourth grouping exemplifies a set 

of 3-Sub-System interaction loop or its pair and 

measures of (N-3) Sub-System.  

 The fifth grouping comprises two subgrouping. The 

terms of the first subgrouping are a set of two 2-

sub-system interaction loops and the measures of 

(N-4) sub-system. Each term of the second 

subgrouping is set of 4- sub-system interaction loop 

or its pair and the measures of (N-4) sub-system. 

 The sixth groupings contain two sub-groupings. 

The terms of the first sub-grouping represent the 

effect of a set of two element relative importance 

loops and the effect of three-element relative 

importance loops or its pairs and effect of (N −5) 

elements. The term of the second sub-grouping 

represents the effect of a five-element relative 

importance loop or its pairs and the effect of (N − 

5) elements. 

Quantification of inheritance and interdependencies of 

system may be established with the help of industrial data or 

literature survey. If industrial data is not available then 

quantification of diagonal elements of matrix can be done on 

a scale of 1-9 as given in Table1, based on the inheritance of 

each system. Interdependency is decided on the scale of 1-5 

as per Table2.  The values of permanent functions of five 

systems are used for the calculation of relative index (RI) 

for site selection of thermal power plant (SSTPP). 

S. No. 
 

Qualitative measure 

 

Assigned value (Di) 

(inheritance) 

1 Exceptionally low 1 

2 Very Low 2 

3 Low 3 

4 Below average 4 

5 Average 5 

6 Above Average 6 

7 High 7 

8 Very High 8 

9 Exceptionally High 9 

Table 1: Quantification of systems 

 

S. 

No. 

 

Qualitative measure of 

interdependencies 

 

Assigned value of 

interdependencies(dij) 

1 Very Strong 5 

2 Strong 4 

3 Medium 3 

4 Weak 2 

5 Very weak 1 

Table 2: Quantification of interdependencies/ off diagonal 

elements 
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V. SITE SELECTION FACTORS 

The factors for site selection of thermal power plant are very 

large in number. It is difficult to establish relationship 

amongst these factors without categorizing them in relation 

to systems. The factors for site   selection of thermal power 

plant have been identified on the basis of literature survey 

and industrial data. 

The factors for site selection of thermal power 

plant are categories in to five systems and are discussed 

below -: 

 Availability of resources 

 Economical impact 

 Environmental concern 

 Social concern 

 Accessibility (Ahmad 2014, Choudhary 2012, 

Kaya 2010, Zhang 2014) 

VI. AVAILABILITY OF RESOURCES 

Power plant needs a wide range of land, water, fuel etc. For 

example, coal plants tend to need larger areas to support rail 

lines, coal piles, and landfills. Natural gas-fired power plants 

may only need area for the generation facilities and support 

equipment. Needed information includes the site size 

(acres), and the portion of the site (acres) that would be 

occupied by plant buildings and systems. 

Many power plant technologies use water from 

lakes, rivers, municipal water utilities, or ground water. 

Surface water is used for plant cooling and groundwater is 

used for plant processes. It also requires labor for 

construction and operation. Local communities can benefit 

from these employment opportunities. 

Fuel availability influences choices positively; its 

marginal utility is diminishing with supply. Without a higher 

level of availability, alternative fuels are unlikely to be 

adopted (Martin A 2012). 

VII. ECONOMICAL IMPACT 

Each site will have unique land acquisition requirements and 

effects. Generally, sites that have lower land acquisition 

costs and require shorter acquisition times are more 

desirable.  Selected site may create limitations on future 

development in the local area through its effect on land use 

or through its consumption of local PSD air increments, 

water resources, or water discharge capacity. 

A site might be able to support more generating 

capacity than proposed. It’s usually more economical and 

environmentally acceptable to add generating capacity at an 

existing site than to build at a new site. Information is 

needed on the potential or plans for a site to support more 

capacity than initially proposed, including the number and 

size of potential, future generating units or other facilities. 

The return on the investment is essential factors in 

determining whether a particular installation is worthwhile 

or not. Payback period is the time in which the initial cash 

outflow of an investment is expected to be recovered from 

the cash inflows generated by the investment. 

A. Environment concern 

Many power plants that burn coal, oil, or natural gas emits 

air pollutants into the atmosphere requiring the plant be 

fitted with pollution control equipment to reduce emissions. 

Many of these Power plant air pollutants have been 

identified and are regulated by environmental regulatory 

agencies. SO2 has been a cause of acid precipitation, 

commonly known as “acid rain,” which can damage 

vegetation and acidify lakes. Species vulnerable to acidic 

conditions have trouble reproducing and, in some cases, die. 

NOx and volatile organic compounds (VOCs) are 

components of ozone formation. Ozone is a principal 

component of smog and can result in respiratory health and 

other environmental effects. A more significant concern is 

the NOx and SO2 emission from power plants that burn coal 

or natural gas. These compounds are part of a complex 

chemical reaction in the atmosphere that creates nitrate- and 

sulfate-based fine particulates. Most of the DNR’s efforts to 

reduce fine particulate pollution are based on year-round 

control of NOx and SO2 contaminants Mercury (Hg) is 

naturally present in small quantities in the environment. 

Human activities have greatly increased the concentration of 

this pollutant in the air and water. Coal-fired power plants 

are the biggest category of mercury emitters. Mercury is 

very volatile and can travel around the world in the 

atmosphere, repeatedly being deposited and re-emitted into 

the atmosphere. Mercury is deposited in lakes and rivers by 

rain, snow and surface runoff once deposited in waterways, 

bacteria can convert mercury into methyl mercury that can 

be easily absorbed by fish and other organisms. Eating 

contaminated fish is the primary pathway for human 

exposure to mercury. Ingested mercury can damage the 

nervous system, especially in children and fetuses. 

VIII. SOCIAL CONCERN 

The location of a power plant has many effects that are of 

interest to the local community. There are both advantages 

and disadvantages to be considered. Measures of local 

interest and concern include the current attitudes of local 

citizens and officials regarding a potential power plant in the 

local community, the local questions raised, the public input 

received, and public support or opposition to a particular 

site. 

The property owner impacts of a potential plant site 

are of significant concern for local communities. One 

concern is how many homeowners and businesses are 

located at the proposed site and would have to be moved if 

the plant were built. Generally, sites needing less relocation 

are more desirable. 

IX. ACCESSIBILITY 

Power plant construction and operation can require road, 

rail, or barge access to the site. The number and location of 

site entrances and the distances to and quality of nearby 

roads and rail lines are important. Sites with access solely 

from heavily traveled roads are less desirable than sites on 

less heavily traveled routes. However, closeness to major 

highways is desirable. The roads shall provide access to all 

the units of the generating station from the site boundary 

line and throughout the site to buildings and activity areas. It 

was decided that the land requirement for the roads along 

the boundary of the power station shall only be considered 

since the roads inside the plant area are already considered 

while arriving at the land requirement for the main plant and 

other auxiliary plant areas. 
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A power plant must be located near the load to which it is 

supplying the power. However a plant a plant cannot be 

located near all loads. As such C.G of the load is determined 

(Nag P.K 2011). 

X. STEPS OF THE METHODOLOGY DEVELOPED 

Following steps are involved in the proposed methodology. 

By following the proposed methodology site suitability 

index can be evaluated. 

(1) Identify the various factors affecting the site 

selection of power plant. 

(2) Group the identified attributes into categories. 

(3) Develop digraph between the major attribute 

categories (at system level) depending on their   

interdependencies. This is the digraph at the system 

level. 

(4) Develop digraph at the sub-system level for each 

individual attribute category between the attributes 

in each category as done in step (3).  

(5) Develop  variable permanent sub-attribute matrix 

for each category of attribute. This will be of   size 

N × N, with diagonal elements representing 

attributes and the off-diagonal elements 

representing interactions among them. Substitute 

the value of inheritance and interdependency in 

sub-attribute matrix of each attribute category. The  

value of inheritance (diagonal element) of attribute 

is to be decided on the basis of scale 1–9 and value 

of interdependency is decided on the basis of scale 

1–5. 

(6) Compute the value of variable permanent function 

for each category of attribute. 

(7) Develop thermal power plant site selection variable 

attribute matrix at the system level. 

(8) Put the value of inheritance and interdependency in 

variable attribute matrix of system level.  

(9) The permanent value of each variable sub-attribute 

matrix provides inheritance of attribute in power 

plant selection and quantitative value of 

interactions among attributes is decided on the 

basis of scale (1–5) through proper interpretation 

by experts. 

(10) Find the value of variable permanent function for 

the system. This value of variable permanent 

function will provide the intensity of attribute. 

XI. FUTURE SCOPE 

In future new factors may arise and the present factors may 

not behave as factors. The present study is qualitative 

therefore in future mathematical model may be developed 

for quantitative results. For quantification of factors fuzzy 

modeling may be used. 

XII. CONCLUSION 

Site selection is a vital issue that must be analyzed deeply in 

order to have efficient power Generation from technical and 

economic point of view without damaging environment and 

Society. In the present work factors for site selection of 

thermal power plant are identified and categories in to five 

system. These five systems also have some sub-system 

which is affecting these factors. For the analysis a 

methodology based upon Graph Theory and Matrix Method 

(GTMM) is used. This methodology is considering the 

inheritance and interdependencies between the factors. 

Therefore, the solution is veered to real life situation. 
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