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Abstract: The choice of hydraulic turbine manufacturer and their performance assessment are becoming major
challenges. Evaluating product criterion and selecting optimum manufacturer are complicated tasks due to the
fact that various criteria or objectives must be considered in the decision making process having various
importance. In this study, we proposed a hydro turbine manufacturer selection analysis model. The aim of this
paper is to determine the appropriate manufacturer providing the optimum solutions and best customer
satisfaction for the criteria identified. In this paper, approximate data are taken from five well known hydro
turbine manufacturer catalogues to illustrate the selection procedure. To the best of the authors knowledge this
novel multi criteria decision analysis or making (MCDA or MCDM) approach of optimized selection of hydro
turbine manufacturer for small hydro power generation is absent in renewable energy or fluid mechanics
literatures due to its assessment complexity.
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INTRODUCTION and streams, flow towards lesser elevation and thus

In India, the total installed power generating capacity The falling water of waterfalls can be used directly to
during March 2012 was reported as 2, 02,979.03 MW out drive turbines due to its sharp elevation. If the natural fall
of which only 19.24% i.e. 39,060.40 MW is thru hydro is not steep, a head is created artificially by damming the
power. The cost of clean-green-friendly hydroelectricity river or stream, making a reservoir and diverting its water
is relatively low i.e. Rs1.5/KW to Rs2.5/KW, compared to to a nearby location with a penstock where the water is
others and thus making it a competitive source of made to fall under gravity, driving a turbine for power
renewable energy as demonstrated [1, 2]. Hence cost generation as observed. Hydro power became
control has always been a constant struggle for almost all increasingly popular as an advantageous clean – green –
industry including hydro power generation sector. Some friendly renewable energy resource as demonstrated.
industries, like oil refining, power generation and health Unlike thermal power plants there is no pollution of
care have (24x7) type continuous schedules almost from gaseous or fly-ash emissions in-case of hydropower.
the day they started power generation. When a company Again in nuclear power plants, there are radioactive
needs to move from 5-day operations to 7-day operations, wastes. The water used in hydro power generation
the strategy can result in significant human relations and remains fully intact and utilizable or reusable afterwards
operational problems if not handled properly. [5, 6]. Setting up of reservoirs by damming rivers had also

In hydro electric power generation “Water-the white appeared to be a safe and wise strategy because it
coal” is used non-destructively by the force of gravity, promised to enable utilizing the river-flow to a maximum
which is a totally carbon-free and inexhaustible resource extent by flood control, ensure year round availability of
to generate power. Hence there is no consumable fuel or water for irrigation-cultivation, navigation, entertainment,
raw material inventory required. Naturally flowing rivers fish culture etc.

provide suitable site for  hydropower  generation [3, 4].



World Appl. Sci. J., 28 (7): 914-919, 2013

915

In general, evaluating hydro power or energy system Hence, decision makers often do not optimally use all
is a complex analysis that can be defined as a multi- available and necessary information in choosing between
dimensional space of different indicators and objectives. identified project or equipment alternatives.
The use of multi-criteria decision analysis (MCDA) or MCDA or MCDM problems have two broad
making (MCDM) techniques provides a reliable classifications: Multiple Objective Decision Making
methodology to rank alternative technologies and (MODM) and Multiple Attribute Decision Making
projects in the presence of different objectives and (MADM). In MODM approach the objectives are explicit
limitations for small hydro power [7, 8]. Even with the whereas the attributes are implicit. Criteria are defined by
large number of available MCDA or MCDM methods, objective. Due to active  constraints  alternatives  are
none of them is considered the best for all kinds of post-determined  as   in   the    case    of     design   etc.
decision-making situations. Different methods often Here involvement  of  decision  making  is  essential.
produce similar as well as different results even when Again in MADM approach the objectives are implicit
applied to the same problem using same data. There is no whereas the attributes are explicit. Criteria are defined by
better or worse method but only a technique that fits attribute.  Due  to  inactive constraints alternatives are
better in a certain situation. pre-determined as in the case of evaluation or selection

MATERIALS AND METHODS The most popular MCDA or MCDM methods are: AHP

Changes in the Small Hydro Power  (SHP)  sectors, Additive Weighting) Method, WPM (Weighted Product)
due to varying needs of the customers lead to uncertainty Method,  QFD   (Quality   function   development)
in the decision parameters. Flexibility is needed to Method, MEW (multiplicative exponential weighting)
counter the uncertainty in the decision parameters of SHP. Method, MAUT or MAVT (Multi-Attribute Utility or
The selections of decisions are complex, as SHP Value  Theory),  TOPSIS  (Technique  for  Order
generation is more challenging today. Most people, when Preference by Similarity to Ideal Solution) Method, GTMA
confronted with such problems, will attempt to use (Graph Theory and Matrix Approach) Method, VIKOR
intuitive or heuristic approaches to simplify the (VIse Kriterijumska Optimizacija kompromisno Resenje)
complexity  until  the  problem  seems  more manageable. Method, ELECTRE (Elimination and Et Choice Translating
In the process, important information may be lost, Reality) Method, PROMETHEE (Preference Ranking
opposing points of view may be discarded and elements Organization Method for Enrichment Evaluation) Method,
of uncertainty may be ignored. Hence there is a need for GRA (Grey Relational Analysis) Method, ROVM (Range
simple, systematic and logical methods or mathematical of Value) Method, COPRAS (Complex proportional
tools to guide decision makers in considering a number of assessment) Method, EVAMIX (Evaluation of Mixed
selection attributes and their interrelations. The objective Criteria) Method, MOORA (Multi-Objective Optimization
of hydro power generation procedure is to identify on the Basis of Ratio Analysis) Method, ANP (Analytical
appropriate selection attributes and obtain the most Network Process) Method, MACBETH (Measuring
appropriate combination of attributes in conjunction with Attractiveness by a Categorical Based Evaluation
the real requirement. Thus, efforts need to be extended  to Technique) Method, LINMAP (Linear Programming
identify those attributes and to eliminate unsuitable Techniques for Multidimensional Analysis of Preference)
alternatives and to select the most appropriate alternative etc.
using simple and logical methods. Multi-Criteria Decision MCDA or MCDM Methods refers to making
Making or Analysis (MCDM or MCDA) Methods not decisions in the presence of multiple conflicting criteria.
only provides better-supported techniques for the MCDA or MCDM Method ranks the alternatives and the
comparison of product or project alternatives based on highest ranked one is recommended as the best
decision matrices but also has the added ability of being alternative to the decision maker. In strategic planning,
able to provide structured methods for the incorporation various MCDA or MCDM Methods are presently being
of project stake holder’s opinions into the ranking of applied which can also be effectively used for SHP
alternatives [9, 10]. A systematic methodology to combine product or project decision making. But the vast array of
quantitative  and  qualitative  inputs from scientific available MCDA or MCDM Methods, of varying
studies of those criterions to rank  SHP  project or complexity and possibly solutions, confuses the potential
product alternatives has yet to be  fully  developed. decision  maker.  Several  MCDM  methods may appear to

etc. Here involvement of decision making is not essential.

(Analytic Hierarchy Process) Method, SAW (Simple
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be suitable here. The performance of different MCDA or
MCDM Methods may be compared along varied
dimensions, such as perceived simplicity, trustworthiness,
robustness and quality in many literatures. Hence, the
decision maker also faces the problem of selecting the
most appropriate MCDA or MCDM Methods among
available ones.

Theory and Calculations: The Decision Making (DM)
problem usually includes four main stages: alternative
formulation and criteria selection, criteria weighting,
evaluation and final treatment and aggregation [11, 12].
The preliminary step in MCDA or MCDM Method is to
formulate the alternatives for sustainable energy DM
problem from a set of selected criteria and to normalize the
original data of criteria. The purpose of normalization is to
obtain dimensionless values of different criteria so that all
of them can be compared. Secondly, criteria weights are
determined to show the relative importance of criteria in
MCDA or MCDM Method. Then, the acceptable
alternatives are ranked by MCDA or MCDM Methods
with criteria weights. Finally, the alternatives’ ranking is
ordered. If all alternatives’ ranking orders in different
MCDA or MCDM Methods are just the same, the DM
process is ended. Otherwise, the ranking results are
aggregated  again   and  the  best  scheme  is  selected.
The attributes are of two types, beneficial (i.e. higher
values are desired) and non-beneficial (i.e. lower values
are desired). A quantitative or qualitative value or its
range may be assigned to each identified attribute as a
limiting value or threshold value for its acceptance. It is
not absolute that more and more criteria are helpful to the
SHP turbine manufacturer selection decision-making.
Likewise, less-criteria are beneficial to the evaluation of
energy systems.

Popular criterion selection methods [3, 4] are Delphi
Method,   Least    Mean   Square   (LMS)   Method  etc.
All criteria or factors have their internal impact reclassified
to a common scale. Weight is assigned to the criteria to
indicate its relative importance. Different weights
influence directly the DM results of energy system
alternatives. Consequently, it is necessary to obtain the
rationality and veracity of criteria weights. Three factors
are usually considered to obtain the weights: the variance
degree of criteria, the independency of criteria and the
subjective preference of the decision-makers. Popular
weighting methods are Equal Weights Methods,
Subjective Weighting Methods (E.g.- Delphi Method,
AHP etc.), Objective Weighting Methods (E.g.- LMS
Method,  TOPSIS    etc.)      and      Combined    Weighting

Table 1: Definitions of MCDA or MCDM – Factors or Criterion and
Alternatives

Methods. Then it is the turn to determine the preference
orders of alternative after determining the criteria weights
so that MCDA or MCDM Methods are employed to get
the ranking order. Popular MCDA or MCDM Methods are
divided  into  three  categories:  Elementary  Methods
(E.g.- Weighted Sum Method, Weighted Product Method
etc.), Unique Synthesizing Criteria Methods (E.g.- AHP,
TOPSIS etc.) and Outranking Methods (E.g.- ELECTRE,
PROMETHEE etc.). Usually, the decision maker selects
the best alternative based on the ranking orders after the
calculation in a selected MCDA method. However, the
creditability of DM is necessarily verified so that the
results  of  the  ranking  orders are computed by a few
other  MCDM  or MCDA methods sometimes  [12,  13].
The application of various MCDA or MCDM methods of
calculation may yield different results. Therefore, the
ranking  results  are  necessarily  aggregated  again and
the  best  scheme  from   the   alternatives   is  selected.
The methods used to aggregate the preference orders are
called as aggregation methods (E.g.- Voting Method,
Mathematical Aggregation Method etc.).

The proposed model for the SHP turbine
manufacturer selection problem composed of SAW, WPM
and AHP-TOPSIS methods. It consists of three basic
stages: identification of properties, weight assigning and
evaluation of alternatives and determine final rank by
comparison [14, 15]. Based on proposed methodology, the
present researcher selects some criteria as mentioned in
Table-1.

AHP-TOPSIS Method: The AHP [12] is a tool that is used
for prioritizing some alternatives based on the criteria of
the problem in complex, uncertain, multi criteria problems.
It is a very good method for the mixed evaluation
problems which have both quantitative and qualitative
criteria. The AHP model divides a complicated evaluation
problem into a hierarchical structure to represent the
selection. Usually there is a goal of the problem at the top
of  the  hierarchy, criteria and sub-criteria are at the middle
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level of the hierarchy and alternatives of the problem are
at the bottom of the hierarchy structure. The priority
weights of alternatives with respect to criteria, is
calculated by AHP. These are used as input  of  TOPSIS.
It is based on the concept that the ideal alternative has
the best level for all criteria, whereas the negative ideal is
the one with all the worst criteria values. The principle is
simple: the selected best alternative should have the
shortest distance from the positive ideal solution in
geometrical sense while it has the longest distance from
the negative solution. This makes it easy to locate the
ideal and negative ideal solutions. The purpose of
normalization is to obtain dimensionless values of
different criteria so that all of them can be compared.
Normalization is done as follows:

(1)

The positive distance between alternative A and thei

ideal solution A  is defined as follows:+

(2)

where x  is the jth criteria’s performance of the ideal+
j

solution A .+

The negative distance is similarly calculated as
follows:

(3)

where x  is the jth criteria’s performance of the ideal-
j

solution A .-

Finally, the relative closeness degree of Ai and A+ is
defined to:

(4)

The best alternative is one that has the maximum
closeness degree and has the shortest distance to the
ideal solution.

SAW Method: The SAW is the most commonly used
approach in sustainable energy or small hydro power
systems. The overall score of an alternative is calculated
as:

(5)

Then the resulting overall scores for each alternative
can  be  used  to rank, screen, or choose an alternative.
The best alternative is the one whose score is the
maximum.

WPM  Method:   The   WPM   is  the  most  commonly
used   approach    in     sustainable     energy   systems.
The composite or overall score of an alternative is
calculated as:

(6)

Then the resulting composite or overall scores for
each alternative can be used to rank, screen, or choose an
alternative. The best alternative is the one whose score is
the maximum.

RESULTS AND DISCUSSION

AHP-TOPSIS Method Ranking: The priority weights of
SHP turbine manufacturer or alternatives with respect to
various criteria are calculated by AHP. These are used as
input of TOPSIS for SHP turbine manufacturer selection
problem.

Step-1: Establish Decision Matrix and Pair-wise
Comparison Matrix for the ranking as shown in Table-2a
and Table-2b.

Step-2: Normalize the decision matrix as shown in Table-3.
The purpose of normalization is to obtain dimensionless
values of different criteria so that all of them can be
compared.

Step-3: Weighted normalized decision matrix is calculated
by multiplying the normalized decision matrix by its
associated weights as shown in Table-4.

Step-4: Identify the positive ideal solution (PIS) and
negative ideal solution (NIS), respectively.

Step-5: Determine the Euclidean Distance (Separation
Measures) of each alternative from the ideal and negative-
ideal solution as discussed above.
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Table 2a: Decision Matrix Table 6: Overall Score - SAW Ranking

Table 2b: Pair-wise Comparison Matrix

Table 3: Normalized Decision Matrix

Table 4: Weighted Normalized Decision Matrix

Table 5: Euclidean Distance (Separation Measures)

Table 5: Relative Closeness - TOPSIS Ranking

Step-6: Calculate the relative closeness of i-th alternative
to ideal solution.

Step-7: By comparing relative closeness values, the
ranking of alternatives are determined. The higher the
closeness means the better the rank.

Table 7a: Weighted Normalized Decision Matrix-WPM

Table 7b: Overall Score - WPM Ranking

WSM or SAW Method Ranking: Again overall score of
SHP turbine manufacturer or alternatives with respect to
various criteria is calculated by WSM or SAW Method as
shown in Table-6.

WPM Method Ranking: Similarly overall score of SHP
turbine manufacturer or alternatives with respect to
various criteria is calculated by WPM Method as shown
in Table-7a and Table-7b.

The rankings   are   not   significantly   affected  by
the  choice  of  the  MCDA  or MCDM Methods
employed.  Here   all   methods  give  ranking  order  as
A2-A1-A3-A4-A5.    Moreover,    the   sensitivity
analyses have been proved that all methods have
provided very similar and stable rankings. Given the
subjectivity  of  decision   makers   judgments, these
results  are  satisfactory.  The minor discrepancy  that
may   or   may   not   appear  between the rankings
obtained  by  different  MCDA or MCDM Methods is
only due to the difference in their mathematical modeling
while solving a decision problem. Thus, the main focus
must not lie on the selection of the most appropriate
MCDM method to be adopted, but on proper structuring
of the decision problem considering the relevant criteria
and alternatives.
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CONCLUSION 5. Adhikary, P., P.K. Roy and A. Mazumdar, 2013. Fuzzy

Evaluating and selecting energy system as SHP generation for decentralized rural electrification,
Turbine manufacturer is a complex analysis that can be IJETT, 4(4): 507-511.
defined as a multi-dimensional space of different 6. Adhikary, P., P.K. Roy and A. Mazumdar, 2013. Fuzzy
indicators and objectives. The use of multi-criteria logic based blade angle control of Kaplan turbine for
decision making or analysis (MCDM or MCDA) a hydro power project, ICERTSD 2013 (BESUS),
techniques provides a reliable methodology to rank Paper No: ICERTSD-13-109.
alternative renewable energy resources such as small 7. Adhikary, P., P.K. Roy and A. Mazumdar, 2013.
hydro power products and projects in the presence of Hydraulic transient analysis of SHP: A MCDM
different objectives and limitations. Even with the large application for optimum penstock design, IWMSID
number of available MCDM or MCDA Methods, none of 2013 (IIT-Bhubaneswar), Paper No: IWMSID / WRE
them is considered the best for all kinds of decision- / 16.
making situations. Different methods often produce 8. Adhikary, P., P.K. Roy and A. Mazumdar, 2013.
similar or different results even when applied to the same Indian SHP Project Planning And Development : A
problem using same data due to various modeling Review Of Decision Support System Tools, IJERT,
methods. There is no better or worse method but only a 2(6): 1386-1391.
technique that fits better in a certain situation. 9. Benton, W.C., 1991. Quantity discount decisions
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