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Abstract: Selection of plant location is a multi-person and multi-criteria
decision problem. Location selection is a strategic decision that cannot be
changed overnight. Even if the location decision is changed at all, a
considerable loss is bound to be incurred. Without sound location planning in
the beginning, the new facility may pose continuous operating disadvantages
for the future operations. In this paper, analytic hierarchy process (AHP)
approach is used to arrive at consensus decision. The AHP model is formulated
and applied to a real case study to examine its feasibility in selecting the plant
location for a manufacturing industry. Different factors were identified
affecting the plant location on the five locations (Delhi, Manesar, Chandigarh,
Mumbai and Baddi) suggested by a particular manufacturing industry and then
AHP technique was implemented to select the best location out of these five
locations. After analysis, Baddi is found to be the best location to setup their
new plant. AHP is a powerful and flexible tool for tackling the complex
decision problem into a simple concept of hierarchy, which incorporates both
financial and non-financial factors influencing the decision alternatives in a
systematic way.
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1 Introduction

In modern business environment, every entrepreneur is faced with the problem of
deciding the best site for location of his plant or factory because of its complex nature.
The objective of any entrepreneur is to locate the business organisation at such a place
where it is convenient to run the operations and the total costs are minimised (Sharma,
2004). Babu and Krishna (2013) discussed the plant as well as facility location problem
to run the operations efficiently. However, a location selection decision depends on a
variety of factors so it is considered as a multiple criteria decision-making (MCDM)
problem by nature (Yang and Lee, 1997). It is a problem associated with the planning
phase of a factory or even a service sector. Based on the goals the projected production
needs of the firm strongly influence the actual location search, i.e., entry into new
markets, maintenance of market share, product diversification, and new production
processes (Dicken and Lloyd, 1990). The sites where an acceptable level of sales is
essentially guaranteed will be preferred by the firms (Richardson, 1979; Weber, 1972).
Thunen utilised the ‘least-cost’ approach for location selection and developed the general
framework for the economic analysis of location theory (Thunen, 1875; Isard, 1956).
Launhardt used the cost variation and demand factors at alternative locations to explain
the differences in the location of industry (Launhardt, 1885; Miller, 1977). He
demonstrated the importance of transportation costs. Weber (1909) developed a
comprehensive theory for the location of manufacturing activities (Weber, 1929; Isard,
1956). He considered three factors: transportation costs, labour costs, and agglomeration
forces. For better understanding the decision-making process, the Weberian theory is
used in many location studies (Tellier and Vertefeuille, 1995). Roudsari and Wong
(2014) considered two factors: proximity to customer locations and number of
competitors near the new location in their research work to explain the differences in
location of plant. Anand et al. (2012) used analytic network process to explain location
decision-making process using 40 factors. It is a very vital decision which has long-term
implications. No plant can be located at a place, which fulfils all the criteria of perfect
location. The efforts should be to avail maximum benefits (Sharma, 2004). Some factors
compromised to take advantage of the other factors. For example, if the raw material is
quite bulky and it is difficult to transport, then the plant may be located nearer to raw
material source. The need of the selection of plant location then generally arises in
following conditions:

1 when the business is newly started

2 the existing business unit has outgrown its original facilities and expansion is not
possible; hence a new location has to be found

3 the volume of business or the extent of market necessitates the establishment of
branches

4  alease expires and the landlord does not renew the lease

5  other social, economic, legal or political factors; for instance, inadequate labour
supply, shifting of the market, etc.

6 introduction of the new product or the services also require the establishment of new
location
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7  change in technology may necessitate the closer of the existing facility and
establishment of new one which may not be located at the earlier site.

A bad location is a severe handicap for any enterprise and it finally bankrupts it. Once a
mistake is made in locating a plant it becomes extremely difficult and costly to correct it,
especially where large plants are concerned, therefore, it is very essential that utmost care
should be taken in the initial stages of the location selection process. Poor location leads
to higher cost, difficult marketing, difficult transportation, dissatisfaction among
employees and substandard quality.

There are various factors which affect the plant location, including both qualitative
and quantitative factors like political, economic, environmental and facility criteria. Thus,
there is a need for developing a systematic plant location selection process of identifying
and prioritising relevant criteria and evaluating the trade-offs between all these criteria.
The approach should also reduce the time in selection and develop consensus
decision-making. Narasimhan (1983), Nydick and Hill (1992), and Partovi et al. (1989)
suggested the use of the analytic hierarchy process (AHP) because of its inherent
capability to handle the qualitative and quantitative factors. Prasanna Venkatesan and
Kumanan (2012), Jahromi et al. (2012), and Sunil Kumar and Subash Babu (2011) also
used the AHP in their research work for the decision-making process in various fields.
AHP is easy to understand and can improve the decision-making process. It decomposes
the complex decision-making problem into a simple hierarchy consists of different levels,
showing the problem systematically in terms of criteria and sub-criteria. This hierarchy is
called AHP model. Using this model, the pairwise comparison of the criteria and
sub-criteria is done and their priority weights are found. Based on this information
several plant locations can be compared effectively and the best location is selected.

The purpose of this paper is to identify and analyse these criteria and sub-criteria for
the selection of a plant location, a total of 33 criteria have been identified through
literature and questionnaire-based survey and opinions of experts both from industry and
academia. In order to find out the criteria and sub-criteria, a survey of 40 industries was
conducted. The purpose of this survey was only to find the criteria and sub-criteria used
to formulate the AHP model.

2 Identifying the criteria and sub-criteria

Better access to finance and to land and greater availability of infrastructure attract firms
to a city. However, firms are also attracted by agglomeration economies from clustering
of firms in their own industry. This means that new firms will choose to locate production
in areas that are already established centres in their line of business. Several factors are
considered in the selection of plant location. These factors have been grouped and
discussed by numerous authors and researchers in a variety of ways. Many authors
(Roudsari and Wong, 2014; Anand et al., 2012; Greenhut, 1959; Greenhut and Colberg,
1962; Dean, 1972; Nicholas, 1974; Spooner, 1974; Foster, 1977; Brown, 1979; Moriarty,
1980) emphasise the importance of critical demand factors (location of competitors,
proximity to consumer markets, etc.), and cost factors (land, labour, materials,
transportation, etc.) in their prescriptions for industrial location planning. The literature
shows that these critical factors can be identified and analysed by the firm’s decision
makers in a better way therefore, the location decision-making process will improve and
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result in long-term performance for the organisation (Miller and Star, 1967; Weber, 1972;
Walker, 1975; Saxenian, 1985).

Five locations (Delhi, Manesar, Chandigarh, Mumbai and Baddi) were selected by a
particular manufacturing industry to setup their new plant. Some reasons for selecting
these locations are: Delhi’s large consumer market and its abundance of skilled labour
has attracted foreign investments to Delhi. Delhi has a workforce of approximately 33%,
the unemployment rate in Delhi is one of the lowest in the country-about 5%. The
presences of a considerable consumer market along with a large pool of skilled labour
have helped Delhi in its industrialisation. Manesar is a fast growing industrial town and is
listed amid top prospective investment locations in India. Manesar is an integrated
and independent industrial town having all the basic infrastructure to facilitate
industrialisation of the area. Today, it is swamped by people from all across the globe,
indulging in almost every profession one can think of in the modern India. Mumbai has a
large unskilled and semi-skilled labour population. Moreover, with limited space
available in the central city, Mumbai’s boundaries are constantly extending into newer
areas. Mumbeai is one of world’s top 10 centres of commerce in terms of global financial
flow. As Mumbai is the state capital, government employees make up a large percentage
of the city’s workforce. The major factor responsible for the growth of industry in
Chandigarh is availability of infrastructure at one place. Its better living conditions have
added impetus to its growth. In the small scale, there are more than 1,300 units in Mohali
(town of Chandigarh) employing over 25,000 workers. These units manufacture a wide
range of products which include railway components, auto parts, tractor parts, sanitary
fittings, furniture items. PVC pipes, chemicals, corrugated boxes, rubber and silicon
material, precision parts, industrial gases, engineering items, etc. Baddi is an industrial
town. The major attractions for investors included 100% outright excise duty exemption
for a period of ten years from the date of commencement of commercial production (the
past budget stipulated it to industries starting on or before 31 March 2010), 100% income
tax exemption for an initial period of five years and thereafter 30% for companies for a
further period of five years, capital investment subsidy of 15% on plant and machinery
subject to a ceiling of Rs 30 lakhs, applicable also to existing units. The area has adequate
power, a rarity in India, peaceful industrial climate and is close to the rich hinterland of
Delhi, Chandigarh and Amritsar.

Based on the literature review and discussion with the experts both from industry and
academia, 33 different criteria affecting these locations were identified to form the survey
questionnaire. All these criteria grouped into four major categories of political, economic,
environmental and facilities success criteria. A survey of 40 members selected randomly
from different functional areas of the manufacturing industry was conducted. The number
of participants of each city are shown in Table 1. The purpose of the survey was to
identify the political, economic, and environmental and facility factors as the criteria and
sub-criteria. After determining the criteria and sub-criteria, AHP was implemented
because of its inherent capability to handle the qualitative and quantitative criteria’s.
Many authors (Carnero, 2014; Mahapatara et al., 2013; Mehrmanesh et al., 2013; Jahromi
et al., 2012; Shakib and Fazli, 2012; Prasanna Venkatesan and Kumanan, 2012; Desai
et al.,, 2012; Sunil Kumar and Subash Babu, 2011) utilised AHP technique in their
research work for the decision-making process because it decomposes the decision
problem into a hierarchy of more easily comprehended sub-problems in a systematic way
each of which can be analysed independently in a systematic way. The result of this
survey is shown in Figure 1, where the mean value of each factor is determined by
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multiplying the percentages of members with the values of 1, 2, 3, 4 and 5 which are
associated with ‘least important’, ‘important’, ‘important and necessary’, ‘highly
important’, ‘most important’ respectively and adding the resulting product. The criteria
are then arranged in descending order of their mean value. The cut off is then calculated
by using the formula:

Cut off value = {(maximum mean — minimum mean)/4} + minimum mean

Cut off value comes out to be 3.13, it identify those factors as the relevant factors whose
mean value is greater than or equal to 3.13 and these factors are shown in Figure 2. The
cut off value reduces the number of criteria to a few because the presence of too many
criteria makes the pairwise comparison complex and time consuming process. All criteria
and sub-criteria with respect to political, economic, environment and facility are shown
with their references in Table 2.

Table 1 Number of participants of each city

Name of the place Number of industries
New Delhi 6
Ghaziabad 2

Noida 3
Faridabad 2

Gurgoan 2

Manesar 5

Mumbai 5

Pune 3

Punjab 2

Chennai 1
Coimbatore 1
Ahamabad 3

Lucknow 1
Rayagada (Orissa) 1
Hydrabad 1

Karnal 1
Panchkula 1

Table 2 Different criteria and sub-criteria with their references

Factors affecting the plant location References/source

Political factors:

Government attitude Young (1994), McMillan (1965),
Rees (1983), Badri (2007)
Tax structure Moriarty (1980), Young (1994), Greenhut (1956)

Government regulations Hudson (1983), Ward (1982), Rees (1983)
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Different criteria and sub-criteria with their references

Factors affecting the plant location

References/source

Economic factors:

Transportation cost
Raw material cost

Cost of land
Cost of power
Cost of labour

Income level of consumers

Environmental factors:

Pollution and environmental constraints

Waste disposal

Climate

Facilities:

Availability of labour
Transportation facilities
Availability of professionals

Availability of power

Availability of infrastructure
Availability of raw material

Availability of markets

Size of existing market

Site selection

Availability of industrial site
Industrial relations
Proximity to financial institutions
Proximity to ancillary units
Proximity to consumers
Proximity to suppliers
Community

Utility facilities

Scope for expansion of site
Quality of life

Global competition

Union problems

Moriarty (1980), McMillan (1965), Beckmann
(1968)

Schmenner (1982), Moriarty (1980), Pietlock
(1992)

Hoover (1948), Greenhut (1956)
Heckman (1978), Moriarty (1980), Gold (1991)
McMillan (1965), Schmenner (1982)
Carnoy (1972), Dicken and Lloyd (1978)

Schmenner (1982), Coughlin et al. (1990)
Heckman (1978), Moriarty (1980)
Spooner (1974), Moriarty (1980)

Carnoy (1972), Rees (1972, 1983)
McMillan (1965), Beckmann (1968)
Sharma (2004)

Greenhut (1956), McMillan (1965), Moriarty
(1980)

Sharma (2004)
Greenhut (1956, 1981), McMillan (1965)

Dorward (1979), Moriarty (1980), Schmenner
(1982)

McMillan (1965), Carnoy (1972)
Sharma (2004)
Greenhut (1956), Smith (1966, 1981)
Sharma (2004)
Sharma (2004)
Schmenner (1982), Coughlin et al. (1990)
Sharma (2004)

Schmenner (1982), Wheeler and Mody (1992)
Spooner (1974), Moriarty (1980), Rees (1983)
Walters and Wheeler (1984), Gold (1991)
Spooner (1974), Schmenner (1982)

Coughlin et al. (1990, 1991), Hudson (1983,
1988)

Pietlock (1992), Wheeler and Mody (1992)
Greenhut (1956), Dicken and Lloyd (1978)
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Figure 1 Chart showing the importance of factors on the basis of rating scale (see online version
for colours)
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Figure 2 Chart showing the factors which will be used to find out the best location (see online

version for colours)
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3 The AHP approach

Saaty (1980) developed the AHP technique, it is one of the multi-criteria
decision-making approach that decomposes a complex problem into a hierarchical order
(Abdi and Labib, 2003). Partovi (1994) found it, an effective and practical approach that
can consider complex and unstructured decisions. This method incorporates qualitative
and quantitative criteria. AHP is an ideal method for ranking alternatives when multiple
criteria and sub-criteria are present in the decision-making process. Based on the decision
maker’s judgements, AHP offers a methodology to rank alternative courses of action
concerning the importance of the criteria and the extent to which they are met by each
alternative. These judgements are expressed in terms of pairwise comparisons of items on
a given level of the hierarchy with respect to their impact on the next higher level. The
relative importance of one item versus another are expressed by the pairwise comparisons
in meeting a goal or a criterion. Each of the pairwise comparisons represents an estimate
of the ratio of the weights of the two criteria being compared. Because AHP utilises a
ratio scale for human judgements, the alternatives weights reflect the relative importance
of the criteria in achieving the goal of the hierarchy (Maggie and Tummala, 2001). Some
benefits of AHP method:

1 The strength of the AHP method lies in its ability to structure a complex,
multi-person, multi-attribute, and multi-period problem hierarchically (Saaty, 1980).

2 It is simple to use and understand (Chan, 2003).

3 It necessitates the construction of a hierarchy of attributes, sub attributes, alternatives
and so on, which facilitates communication of the problem and recommend solutions
(Yusuff and Poh Yee, 2001).

4 It provides a unique means of quantify judgemental consistency (Chan, 2003).

5 It does not greatly intuition, experience, and theoretical knowledge of the domain
expert as expert system (Yusuff and Poh Yee, 2001).

6 It does not require preferential independent of its complement (i.e., the preference
order of consequences, for any pair of attributes does not depend on the levels at
which all other attributes are hold) as multi-attribute utility model (Chan, 2003).

The research in this paper has focused on formulating an AHP-based model to select a
location for a manufacturing plant. The theory of AHP is based on the three principles
(Raj et al., 2008):

e decomposition of the decision problem
e comparative judgement of the various elements

e synthesis of priorities.
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3.1 Establishment of a structural hierarchy for the plant location selection
problem

According to Saaty (2000), there is no set of procedures for generating the levels
to be included in the hierarchy. The degree of detail and complexity of the problem
being analysed determines the number of the levels in a hierarchy (Zahedi, 1986).
AHP allows the decision problem to be structured into a hierarchy with the objective
or goal of the decision placed at the top level of the hierarchy, then criteria and
sub-criteria at the intermediate levels and the decision alternatives at the last level of the
hierarchy.

To develop the hierarchy, the goal is placed at the top level of hierarchy. The four
strategic factors namely, political, economic, environmental factors and facilities used to
achieve this goal, which forms the second level of hierarchy. The third level of the
hierarchy consists of different factors defining the four strategic factors of the second
level. There are three factors related to political factors, five factors related to economic
factors, three factors related to environmental factors and 14 factors related to facilities.
The strategic consideration factors and factors (criteria) used in these two levels can be
assessed using the pairwise comparisons of elements in each level with respect to every
parent element located one level above. The fourth level of the hierarchy consists of the
rating scale. Here a five point rating scale of outstanding (O), good (G), average (A), fair
(F), poor (P) is used and the priority weights of these five scales can be determined using
the pairwise comparisons. These rating scales are used to determine the local and global
priority weights. The lowest level of the hierarchy consists of the decision alternatives,
i.e., different proposed locations to be evaluated to find out the best location. The AHP
model is shown in Figure 3.

3.2 Measurement and data collection

In this phase of measurement and data collection, the pairwise comparisons of the
strategic consideration factors and criteria (factors) used in the AHP hierarchy is done.
Here, the pairwise comparison of all elements in each level of the hierarchy is done. The
pairwise comparison judgement matrix for the five point rating scale is shown below in
Table 3. After solving the pairwise comparison judgement matrix for each rating scale
factor, the priority weights of outstanding, good, average, fair and poor w.r.t alternatives
were determined as shown in Table 4.

Table 3 Pairwise comparison judgement matrix for five point rating scale
o G A F P
(e} 1 3 5 7 9
G 1/3 1 3 5 7
A 1/5 1/3 1 3 5
F 1/7 1/5 1/3 1 3
P 1/9 1/7 1/5 1/3 1
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Table 4 Priority weights of rating scale

Outstanding (O) 0.513
Good (G) 0.261
Average (A) 0.129
Fair (F) 0.063
Poor (P) 0.034

Figure 3 AHP model

Level 1 Plant location selection for a manufacturing industry

Goal |
I l l I

Level 2 Political Economic Factor Environmental Facilities
Strategic
Considerations

Level 3 Government Transportation Cost Waste disposal  — Availability of Labor
Factors Attitude Raw Material Cost Climate — Transportation Facilities
Tax Structure Cost of Land Pollution and — Availability of power
Government Cost of Power environmental |~ Availability of
Regulations Income Level of constraints Infrastructure
Consumers — Availability of Raw
material
— Availability of Markets
— Availability of Industrial
Site
— Proximity to Financial
Institutions
— Proximity to Ancillary
Units
— Proximity to Consumers
— Community
— Utility Facilities
— Scope for Expansion of
Site
— Quality of Life

Level 4 [ | I I 1
Rating Scale  Outstanding Good Average Fair Poor

Level 5 [ Manesar | | Chandigarh | | Baddi |

Alternatives

3.3 Pairwise comparison of each factor to determine their local/priority
weights

After structuring the hierarchy, a pairwise comparison is done to evaluate the relative
importance of the elements determined at each level in the hierarchy w.r.t. the overall
goal of the problem. To do the pairwise comparisons, a scale is used which indicates the
importance of one element over another with respect to a higher-level element. A matrix
of relative rankings is generated by these pairwise comparisons for each level of the
hierarchy. The number of elements at each level determines the number of matrices as
shown in Table 5.
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Pairwise comparison of each factor

Table 5
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3.4 Determination of global weight of each factor

For determining the global weight of each factor, the local weight of each strategic
considerations (political, economic, environmental, and facilities) are multiplied with the
local weights of the factors that comes under the corresponding strategic consideration as
shown in Table 6.

Table 6 Global weight of each factor

Stratggic . chal Factors chal Global weights
considerations — weights weights (GW)
Political 0.339 Government attitude 0.496 0.168
Tax structure 0.228 0.077
Government regulations 0.276 0.094
Economic 0.201 Transportation cost 0.173 0.035
factors Raw material cost 0.222 0.045
Cost of land 0.230 0.046
Cost of power 0.208 0.042
Income level of consumers 0.168 0.034
Environmental ~ 0.227 Pollution and enyironmental 0.465 0.106
constraints
Waste disposal 0.265 0.060
Climate 0.270 0.061
Facilities 0.233 Availability of labour 0.074 0.017
Availability of raw material 0.079 0.018
Availability of markets 0.067 0.016
Availability of power 0.075 0.018
Availability of infrastructure 0.097 0.023
Proximity to financial institutions 0.069 0.016
Proximity to ancillary units 0.083 0.019
Community 0.055 0.013
Utility facilities 0.065 0.015
Transportation facilities 0.065 0.015
Auvailability of industrial site 0.094 0.022
Proximity to consumers 0.061 0.014
Scope for expansion of site 0.065 0.015

Quality of life 0.050 0.012
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Determination of score of each factor

Table 7
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Determination of score of each factor (continued)

Table 7
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3.5 Determination of total score achieved by each factor

After obtaining the global weights of each factor, total score achieved by each factor is
calculated. To find out the total score, rating (outstanding, good, average, fair, poor) for
each factor according to facilities available in a particular location is done. Priority
weights of each rating as shown in Table 3, i.e., priority weights for O, G, A, F, P are
0.513, 0.261, 0.129, 0.063 and 0.034, respectively. Global weight of each location is
calculated by multiplying the global priority weight of each factor with the priority
weight of rating and then adding the resulting values as shown in Table 7. The location,
whose total score comes out to be highest, is considered as the best location.

4 Result

This research was done for a particular manufacturing industry which wanted to setup
their plant at new location to expand their business. So, they suggested five locations
Delhi, Manesar, Mumbai, Chandigarh and Baddi. Different factors affecting the plant
location on these locations were identified and analysed with the help of a nationwide
survey which was sent to different manufacturing industries to know their opinion about
various factors. The results of the survey was analysed to select the final factors which
could be used for the further process. After determining the factors AHP technique was
implemented to select the best location out of these five locations.

It can be seen that Baddi is the preferred location since it has the highest weight
(0.24) among five locations as shown in Table 7 after normalising. Chandigarh is at the
second choice (0.20), the total scores after normalising for Delhi (0.19) and Manesar
(0.19) comes out to be same, so the third choice for selecting the plant location could be
Delhi or Manesar and Mumbai is at the last choice (0.17) as shown in Table 8.

Table 8 Preferred choice of location on the basis of normalising
Locations Total score After normalising Preferred choice of location
Delhi 0.185 0.19 v
Mumbai 0.165 0.17 \Y%
Manesar 0.183 0.19 111
Chandigarh 0.186 0.20 I
Baddi 0.233 0.24 I

The result shows that the model is flexible and can be applied in different types of
industries. AHP is a very handy tool for managers to structure their unique problems into
priority weights, which can change their own priority considerations and at the last level
of the hierarchy the final priority weight of each alternative decision will result in best
option. The approach reduces the process time in selecting the plant location. AHP is an
effective management tool and provide tradeoffs between both qualitative and
quantitative factors. This approach also helps the decision-makers to deal with
inconsistent judgements systematically. AHP enables the decision makers to measure the
relative judgements of two elements at one time with the help of pairwise comparison in
a trustworthy manner and ensure consistency of these values.
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Encouraging results are developed in this study but a lot of further research needs to
be done. To corroborate the results, imitations of the empirical work are needed and
further studies are needed that involve more modern-emerging items.

5 Conclusions

With the help of AHP technique, it has been seen that Baddi is the best location for the
selected manufacturing industry. In the AHP technique, all possible factors (qualitative as
well as quantitative) are considered which can affect an industry so it is considered as one
of the best method for selecting the location for any type of industry. Here, the pairwise
comparison of each factor at each level in hierarchy is done to evaluate their relative
importance in selecting the particular location so it is more generalised in nature. From
the research, it is concluded that the AHP technique is a powerful and flexible tool for
tackling the complex decision problem because it decomposes the decision problem into
a hierarchy of more easily comprehended sub-problems in a systematic way each of
which can be analysed independently in a systematic way. Moreover, the process helps in
facilitating the decision-making, reduces the cycle time to select the best plant location
and can incorporate precise information. If all the required information and
documentation from relevant sources are provided before making such evaluation then
the decisions might be more accurate or precise. In AHP approach, all the factors
affecting the selection of plant location are clearly defined and the problem is structured
into simple hierarchy systematically. From this hierarchy, the decision maker can easily
determine the advantages and disadvantages of a particular plant location by comparing
them with respect to appropriate factor and helps the decision makers to reach at a
consensus decision. Costly distractions that prevent teams from taking the right decision
such as lack of focus, planning, participation or ownership which are the common
downsides of decision-making process are minimised by AHP. It also helps to reduce
bias in decision-making by incarcerating both subjective and objective evaluation
measures and providing a useful mechanism for checking the consistency of the
evaluation measures and alternatives suggested by the team.
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