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Wind power is an important renewable energy gen-
eration technology, but the location of wind potential
and wind power plant installation are not in complete
sync with each other. Many national, state and local
variables other than wind potential play a role in site
selection. The weights given to different local vari-
ables during wind power investment decisions are not
known and are difficult to estimate in data paucity
settings in India. Accordingly, this study proposes a
framework to estimate the weights given to different
local parameters in wind power investment decisions.
We use the case study of select districts in Maharash-
tra, India to test the framework. The investment
predictions based on priority of local factors estimated
by the proposed approach are in agreement with the
actual investment in the wind energy sector.
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AMONG the renewable energy technologies, wind power
has emerged as the most reliable and efficient technology
for power generation'. Notably, India has been at the
forefront in promoting wind power and has consistently
ranked among the top five countries in the world in
installed capacity of wind. While wind power is a promis-
ing technology which is strongly dependent on the wind
potential of a site, the distribution of wind power plants
installation has not been completely driven by the avail-
ability of wind potential at that site’. While some states,
including Maharashtra and Tamil Nadu are able to exploit
more than 50% of their wind potential, others like Gujarat
and Andhra Pradesh have exploited less than 30% of their
wind potential®.

Studies have shown that the decision to install wind
power plants is influenced by national®, state* and local
factors’. Here we focus on local factors as they are more
closely associated with on-field characteristics. Maha-
rashtra has managed to exploit 60% of its wind potential,
but similar to other Indian states, some of its high wind
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potential districts, including Nashik and Pune have
exploited less than 15% of their wind potential while
installed capacity in some other districts, including
Satara, Sangli, Dhule and Nandurbar has exceeded their
wind potential (Table 1). Hence, it is imperative to esta-
blish weighted criteria for the decision-making process of
wind power plants.

In India, one of the main challenges in studying
investment decisions is the lack of robust data availabi-
lity. The World Bank report on Indian renewable energy
sector in 2010 showed that the sector lacks good-quality
data, especially wind energy sector which lacks data
accuracy despite huge investments’. Further, it may not
be economical to maintain data on local factors’. Under
these circumstances, it is important to have a framework
that could allow the estimation of priority given to local
factors in wind energy investment, which is independent
of the historical data. Accordingly, this article focuses on
developing a conceptual framework for identifying and
assigning weights to local factors impacting in the loca-
tion choices of firms in wind power plants. The select
districts of Maharashtra are used as a case study to
determine the priority given to local factors in wind
energy investment decisions.

Theoretical framework

Figure 1 shows the theoretical framework proposed in
this study. The local factors can be categorized into two,
viz. mandatory and peripheral factors. Mandatory local
factors can be defined as those necessary for establishing
any functional wind power plant at a location. The
framework includes wind speed and site accessibility as
mandatory factors. Peripheral factors can be defined as
those whose favourable values can improve the benefits
from a functional wind power plant. The national and
state level factors along with mandatory local factors are
used for shortlisting of locations for investing in wind
power.

The final selection of location to invest for wind
energy depends on the local peripheral factors. Lee ef al.’
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Table 1. District-wise installed capacity and wind potential for Maharashtra, India
Wind potential Installed capacity Installed capacity

District MW) (MW) as percentage of potential
Nashik 954.65 101 10.58
Satara 931.23 1176.24 126.31

Pune 843.10 106.4 12.62
Ahmednagar 794.15 233.85 29.45

Beed 616.65 56.95 9.24
Kolhapur 430.72 4.25 0.99
Dhule 229.54 535.25 233.18
Nandurbar 210.00 313.75 149.4

Sangli 155.66 813.97 522.92

Total 5165.7 3386 62.25

Source: Personal communication with National Institute of Wind Energy in 2015.
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Figure 1. Theoretical framework.

examined the role of various local factors, namely local
wind resource, power evacuation, and social acceptance
in prioritizing the wind power plant. Wiistenhagen et al.®
and Wolsink’ have discussed the concept of social accep-
tance as a constraining role in renewable energy like
wind energy in select European nations. Our framework
first identifies the local peripheral factors followed by the
weights given to these factors. These weights are then
used to predict installed capacity in select districts and
compared against historical data on the performance of
different sites in terms of wind energy investment.

Methods

The proposed framework is explained using the case
study of districts in Maharashtra using three common
local peripheral factors as follows. This framework is
applicable provided locations have been pre-selected
based on national, state and local mandatory factors.

Identification of local peripheral factors

We propose local bureaucratic/administration efficiency,
capital stock and societal perception as peripheral factors
for the case study. These factors are chosen based on
learnings from informal field interactions with experts.
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The local-level administrative and political structures
prevalent in the government system play the role of sanc-
tioning projects and their facilities'’. Further, land is the
primary requirement for a wind power plant and bureau-
cratic issues can cause delay in its acquisition®. Accord-
ingly, in the current context, bureaucratic efficiency is
defined as the time taken by the local administration to
obtain land acquisition clearances.

The firms in early and late majority adopter segment
prefer to make low risk investments compared to early
adopters and innovator firms''. Accordingly, such firms
would rely on the capital stock, including raw material
characteristics and infrastructure that could help them
sustain with lower risks. Raw material characteristics re-
fer to the properties of the input material which determine
the range of its usability'”. Infrastructure refers to the
structures/facilities required by the industry from an area
for its smooth functioning'®. Accordingly, capital stock
factor is divided into two sub-factors. In the current con-
text, raw material characteristics are considered as the
number of wind sites available to the firms and infra-
structure is considered as the number of substations pre-
sent in a district. These substations are important as they
help in power evacuation by allowing the generated
power at the wind power plant to be immediately trans-
ported to the grid for distribution. While the presence of
at least one wind site in a district is considered as local
mandatory factor, the total number of wind sites in a dis-
trict is a local peripheral factor.

The perception of the local populace could play an
important role in determining the ease of getting local
support and access to local resources like land®’. Further,
education level of the local populace could play an impor-
tant role in determining their general awareness level which
is critical in shaping people’s perception'. Accordingly, in
the current context, social perception is considered as the
literacy rate of the local people. Overall, these factors and
sub-factors result in taxonomical hierarchy (Figure 2).
While bureaucratic efficiency criterion is the cost criterion,
the remaining two criteria including capital stock and so-
cietal perception are benefit criteria.
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Figure 2.
Prioritization of factors — criteria weight modelling

The weights assigned to these local peripheral factors
need to be estimated without using the historical data.
Pair-wise comparison is one approach that could be used
to determine the priority given to different factors and
sub-factors'>. This approach provides relative priority
based on the perspective of an individual/firm. Separate
pairwise comparison matrix is created for factors and
sub-factors. On the numerical scale of 1-9, the relative
weights are given to obtain the global and local weights
to the factor. The pairwise comparisons provide local
weights from which global weights are derived by multi-
plying local weights in a given row. The relative weights
for each comparison, say, bureaucratic efficiency and
social perception could be obtained in different ways like
interviewing a respondent and literature review. In the
present case, literature review and anecdotal information
from experts are used for arriving at relative weights.

Criteria weight validation

The weight obtained from the pairwise comparison
approach may not necessarily provide optimal results as it
significantly incorporates subjective judgment. In order
to ascertain that the weight obtained from pairwise
comparison is of relevance, weights need to be validated.
The proposed validation approach is a two-step process.
In the first step, various available real-world scenarios are
selected and these are ranked for their potential to obtain
wind power investments based on the local peripheral
factors. In the second step, the ranking obtained for these
scenarios is then compared with the actual wind power
investments made in those scenarios. A positive associa-
tion will validate the weights.

In the present study, the factor weights are validated by
performing correlation analysis between the ranking of
the different investment scenarios and ‘added wind
capacity’ value of wind power plant for each scenario.
Ranking of the different investment scenarios is
performed in three stages. The first stage is selection of
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Local peripheral factors taxonomy and weights.

the region in which different scenarios are ranked. The
second stage involves preparing various investment
scenarios for the study. The third stage involves using
analytic hierarchy process (AHP) technique for determin-
ing the ranking of the different investment scenarios.

Stage 1 — Selection of state and districts: In this study,
the method of selecting districts has been a process of
elimination based on state and local mandatory factors to
select only those districts which satisfy all these prelimi-
nary criteria. The whole state is considered as the region
for the study because it is the smallest unit for policy-
making for wind sector in India'®. Particularly, Maharash-
tra is selected because it has been found to have the high-
est policy attractiveness index for 14 out of 20 years, i.e.
1993-2012 (ref. 4).

Maharashtra comprises 36 districts out of which 9 are
selected based on significant wind potential, site
approachability and presence of at least 1 wind power
project. Site approachability criterion is an outcome of
preliminary interactions with a few investors who
consider it as a mandatory criterion for selecting the site.
Accordingly, nine districts, namely Ahmednagar, Beed,
Dhule, Kolhapur, Nandurbar, Pune, Sangli and Satara
were selected (Table 1).

Stage 2 — Investment scenarios (or, alternatives) prepara-
tion: The investment scenario matrix, 4; = m; * n; is pre-
pared, where A, represents the individual investment
scenario, m; the ith district among the selected districts
and n; the jth year in the chosen period. This is done to
represent the set of i#*j investment scenarios for the
study, which are considered for AHP-based modelling.

Stage 3 — Analytical hierarchy process: AHP has been
proposed for multi-criteria decision making with over 200
known applications'’. AHP allows the user to consider
the subjective part of decision, including intuition and
personal experiences while using both quantitative and
qualitative data'®'”. AHP provides a systematic criteria
prioritization™ based on eigen-value method®'. It allows
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Table 2. Matrix of alternatives (4 = m x n, where m = year, n = district) for bureaucratic criterion measured by
the time taken for various clearances related to land acquisition
District
Year Ahmednagar Beed Dhule Kolhapur Nandurbar Nashik Sangli Satara
2006 0.2 0.57 0.49 0.36 0.23 0.77 0.19 0.17
2007 0.2 0.57 0.49 0.36 0.23 0.77 0.19 0.17
2008 0.2 0.57 0.49 0.36 0.23 0.77 0.19 0.17
2009 0.2 0.57 0.49 0.36 0.23 0.77 0.19 0.17
2010 0.2 0.57 0.49 0.36 0.23 0.77 0.19 0.17
2011 0.2 0.57 0.49 0.36 0.23 0.77 0.19 0.17
2012 0.2 0.57 0.49 0.36 0.23 0.77 0.19 0.17
2013 0.2 0.57 0.49 0.36 0.23 0.77 0.19 0.17
Table 3. Matrix of alternatives (4 =m x n, where m = year, n = district) for societal criterion measured by
literacy rate (%)
District
Year Ahmednagar Beed Dhule Kolhapur Nandurbar Nashik Sangli Satara
2006 77.5 71.5 73.8 80.5 60.1 78.1 79.5 81.5
2007 77.9 72.1 74.1 81.2 60.8 78.8 80 82.2
2008 78.3 72.8 74.4 81.8 61.5 79.5 80.5 82.8
2009 78.7 73.4 74.7 82.4 62.3 80.3 81 83.4
2010 79.1 74 75 83 63 81 81.5 84
2011 79.4 74.6 75.3 83.6 63.7 81.7 82 84.6
2012 79.8 753 75.6 84.3 64.5 82.5 82.5 85.3
2013 80.2 75.9 75.9 84.9 65.3 83.2 83 85.9

Data source: Socio-economic review reports for districts of Maharashtra.

the user’s perspective-based criteria categorization into
benefit or cost and accordingly, requires maximization of
benefit criteria value and minimization of cost criteria
value®. Raju et al.” solved the benefit—cost integration
problem by converting cost into benefit using the nor-
malization scheme as

£, — gmin
Benefit criteria: Dy = U — (D)
Lmax _ﬂ‘nm
1 1
(g

Cost criteria: L L )

pij = Jmax _ min

1 1
where ¢; is the criteria value of the jth alternative with
respect to the ith criterion and 7™ and #™" are the abso-
lute maximum and minimum values among all the alter-
natives for the ith criterion.

AHP method comprises criteria identification, criteria
weights, criteria value for alternatives and score of alterna-
tives. In this study, criteria identification and criteria weight
steps are not carried out because they represent identifica-
tion and prioritization step for peripheral factors. Tables 2—
5 give criteria value for alternatives. The alternative score
based on the factor weights is computed by measuring the
alternative score which in turn is obtained by summation of
the product of the criteria and alternative weights for the
different alternatives. Equation (3) gives the mathematical
formulation of computing alternatives score.
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N
R, = ZP(i, ). (3)

i=1

Here, R; is the ranking of the alternatives, P; the normal-
ized criteria score of the alternatives using eqs (1) and (2)
and w; is the criteria weightage. The overall attractiveness
of alternatives is based on their total weighted score for a
given criterion.

Results and discussion
Local peripheral factor weights

Figure 2 shows the local and global weights obtained for
each of the factors. Equal weight is given to bureaucratic
efficiency and societal alternatives and score of alternatives.
Local administration and societal behaviour are external-
ities for the investors. Therefore, although more capital
stock in terms of number of wind sites and substations is
desirable, it is given lesser importance compared to ease of
getting land acquisition clearance and local population sup-
port. Further, it should be noted that such weight-based cri-
teria are adopted by investors in the districts which have
cleared the criteria of local mandatory factors indicated by
availability of wind potential. In this regard, Gupta and
Sravat™ have given recommendations related to govern-
ance and financing for improving the power plant deve-
lopment in developing countries.

CURRENT SCIENCE, VOL. 114, NO. 12, 25 JUNE 2018



RESEARCH ARTICLES

Table 4. Matrix of alternatives (4 = m x n, where m = year, n = district) for resource availability measured by
the number of windy sites

District
Year Ahmednagar Beed Dhule Kolhapur Nandurbar Nashik Sangli Satara
2006 4 1 3 1 1 2 3 10
2007 4 1 3 1 1 2 5 10
2008 4 1 3 1 1 2 5 10
2009 4 1 3 1 1 2 5 10
2010 4 1 3 1 1 2 5 10
2011 4 1 3 1 1 2 5 10
2012 4 1 3 1 1 2 5 10
2013 4 1 3 1 1 3 5 10

Data Source: Maharashtra Energy Development Agency (2014).

Table 5.

Matrix of alternatives (4 = m x n, where m = year, n = district) for evacuation criterion measured by

the number of substations

District

Year  Ahmednagar Beed Dhule

Kolhapur

Nandurbar Nashik Sangli Satara

2006
2007
2008
2009
2010
2011
2012
2013
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Data source: Personal communication with Maharashtra State Load Dispatch Centre in 2015.

Infrastructure has more weight than raw material char-
acteristics due to inability to use raw material owing to
infrastructure issues. Countries including India and China
are facing issues related to load management in terms of
managing reserve capacity and underutilization of net-
works which has resulted in utilities refusing to accept
wind power by the grid’. Germany was able to increase
its wind energy share in total energy by addressing some
factors pertaining to infrastructural issues related to local-
level distribution systems®.

Weights validation

Scenario ranking: The ranking of the investment deci-
sions alternatives from the eight selected districts and
eight years was obtained (Table 6). The scenario of ‘Sa-
tara in year 2013’ was allotted the first rank based on
weighted local peripheral factors. Further, the first five
ranks were given to all scenarios of Satara from 2009 to
2013, indicating favourable investment environment.

Scenario-predicted ranking comparison with field scenario:
The ranking for scenarios was compared with actual in-
vestment decisions using the indicator ‘added wind
capacity’. A correlation of 0.43 at 95% confidence level
was obtained, which indicates a weak positive association
between local factor weights and actual investment deci-
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sion-making. This association indicates that the proposed
framework can be used to estimate weights of local
peripheral factors in data paucity scenario. However,
weak strength of association could be due to the weights
given to the factors or missing out other important local
peripheral factors.

The study has certain policy implications. The high
weightage to bureaucratic efficiency indicates that policy-
making alone is not sufficient to increase utilization of
wind potential. In other words, this indicates that another
form of government intervention, apart from policy mak-
ing, is needed and can attract the wind projects in a dis-
trict. Accordingly, districts with higher potential and
lagging capacity could attract investment with efficient
government intervention at the ground level. Interestingly,
policy learning in this regard could come by benchmark-
ing Satara’s bureaucratic efficiency variable for the
remaining districts. Another finding is the dominance of
societal perception, which indicates the prevalence
of not-in-my-back-yard attitude in Maharashtra. Accord-
ingly, it necessitates the inclusion of local communities
as beneficiaries of wind projects.

Like most of the studies, this one also has limitations.
The weight estimation is based on the perception of the
individual rather than on any mathematical model, so it
can vary from individual to individual. Further, the reli-
ance on subjective judgments could prevent achieving
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Table 6. Year-wise and district-wise ranking of alternatives based on analytic hierarchy process (AHP) technique and actual
added wind capacity(MW) (ranking (added wind capacity; MW))

District 2006 2007 2008 2009 2010 2011 2012 2013
Ahmednagar 25 (71.2) 23 (42.5) 22 (46.6) 21 (13.8) 20 (0) 19 (2.25) 18 (0.5) 16 (0)
Beed 61 (0) 59 (0.6) 57 (18.6) 55(3.6) 54 (0.5) 52 (1) 49 (3.25) 47 (29.4)
Dhule 43 (212) 42 (58.6) 40 (0) 38 (0) 37(23.1)  35(12.6) 34 (0) 33 (0)
Kolhapur 32 (0) 31(0) 30 (0) 29 (0) 28 (0) 27 (0) 26 (0) 24 (4.25)
Nandurbar 51(72.5) 48 (1.25) 46 (0) 45(8.7) 44 (37.15) 41 (76.65) 39 (0) 36 (0)
Nashik 64 (7.2) 63 (35.9) 62 (33.3) 60 (12) 58 (0) 56 (0) 53 (12.6) 50 (0)
Sangli 17 (117.6) 15 (64.8) 14 (15.15) 13 (0) 12 (1.5) 10 (46.15) 8 (183.75) 6 (199.6)
Satara 11(26.23) 9 (56.32) 7 (75.73) 5(84.94) 4(16591) 3(169.44) 2 (88.2) 1(192.95)
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