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Abstract: All players involved in a business must need to measure business firm’s
efficiency. In this study data envelopment analysis (DEA) has been conducted for
efficiency assessment. The DEA approach can manage several inputs and outputs. The
current study presented the DEA model for assessing performance. This study selected
panel data of 8 steel companies from India belongs to public and private sector to
express the advantage of DEA model in measuring competence with quantitative
supervision for strategy formulation and for analysing the performance of such selected

steel companies.
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Introduction

The steel industry is continuously
adapting and refinement itself to become
more competitive in the market. It is an
energetic and innovative sector. It makes
them more competitive in the market by
increasing new advanced steel grades and
production measures. It produces
improved and additional cost-effective
product outline for the varying market
place. Today the growth in world steel
demand is directed by the developing
countries. For any modern economic
growth, steel is a very essential and it is
measured to be the backbone of human
civilization. Mostly industrialized
economies are depending on a well-built
steel industry. Again the economic
development of a country has been mostly
figured by their steel industries potency

in preliminary phase of expansion. The
quantity of steel consumption has strong
effect on economic development of a
country.

Major impetus for growth in steel sector
comes with the economic liberalization of
1991. The new economic policy broadcast
in 1991 was a significant milestone which
brought out a sea change in the Indian
steel industry. In the post-liberalization
era, the construction of the steel industry
underwent a sea change with the arrival
of major steel producers in the private
sector with the world class technologies
and competence. The industry was
delicensed and opened for private
participation. Government taken
industrial policy and other inventiveness
at the time of liberalization gives an
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impetus to the private sector for entrance
and development of them in the steel
industry. Whereas the existing units also
updated or stretched out them by setting
up of a huge number of fresh or
Greenfield steel plants in different parts
of the country based on up to date and
cost effective technologies and skill.

Global and domestic demand of steel is
continuously increasing so steel industry
in India is on an upswing. India’s speedy
fiscal development and rising demand by
various segments of our country and
other country put on the Indian steel
industry on world map.

All players involved in a business must
need to measure business firm’s efficiency.
The DEA approach is conducted here to
manage several inputs and outputs. The
DEA model is presented in this study for
measuring efficiency of the selected
companies. Present study uses panel data
of 8 public and private sector steel
companies in India for 15 years (from
2002 to 2016) to express the advantage
of DEA model in measuring companies
and industrial efficiency through
supervision for strategy generation and
for analysing the performance of such
selected steel companies. The selected steel
companies are SAIL, Tata Steel, JSW Steel,
Bhushan Steel, RINL, Essar Steel, Jindal
Steel and Bhushan Power.

Objectives of the Study

This studies objective is to assess financial
efficiency of chosen steel companies in
India through the post-liberalization era.
Another objective of DEA analysis is to
determine its utility and also determines

efficiency level of the companies. Because
for growth and sustainability of any
industry efficient running of companies
is very much needed, so that in this study
the researcher measure the financial
efficiency of selected steel companies
through DEA model for analysing their
performance, future growth and
sustainability. Findings of this analysis
can facilitate to describe suggestion for
management in companies and the
government. In conclusion, this study
affirms the relevance of DEA to measure
company efficiency through BCC DEA
model.

Literature Review

Chandra et al. (1998) made their study
for efficiency evaluation of Canadian
textile companies by using the DEA CCR
technique. Here the numbers of labour
and average annual investment were used
as inputs; whereas the annual sales values
were used as outputs.

Erkut and Hatice (2007) for analysing the
performances of 500 industrial
enterprises in Turkey, they taken two
inputs and three outputs variables and
applied super slack model of DEA for
analysing efficiency of those companies.
This analysis result exposed that only nine
firms performed efficiently during 2003.

Joshi and Singh (2009) consider ready-
made garment industry for measuring the
operational efficiency by using DEA
model. They conclude that, under
constant returns to scale (CRTS) selected
companies can increase 25% of their
present output with same input level.
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El-Mashaleh et al. (2010) for evaluating
the safety performance of 45 construction
contractors used DEA CCR model. This
study revealed that better safety
performance achieved by eight
contractors only.

Sharma, Momaya, and Manohar (2010)
estimate efficiency and competitiveness of
the Indian telecom industry. Their findings
of this study validate the hypothesis of
competitiveness implications for
leadership in the industry and
government.

Liu et al. (2010) measuring comparative
efficiency of production companies of
China and Turkey by using DEA analysis.
The author used canonical correlation
analysis. They conclude that, Chinese
production companies are more
extremely efficient than Turkish
production companies.

Tahir and Yusof (2011) try to identify the
technical and scale effectiveness by using
DEA BCC and DEA CCR models. For this
analysis purpose they selected 14
Malaysian public sector companies with
inputs oriented assumptions. Total
expenses and total assets, were treated as
input variables whereas sales revenue
was taken as output variable. Their study
concluded that out of 14 companies only
one company was efficiently running.

Yu, Barros, Tsai and Liao (2014) had
taken financial ratio analysis as an
efficiency measuring technique. They also
used DEA analysis for measuring
efficiency of selected companies. For this
analysis panel data was collected by them
from 24 public sector Taiwan companies.

This analysis wish to show advantages of
DEA model comparing with ratio analysis
in measuring efficiency of the selected
companies with quantitative leadership
in favour of strategy generation.

In concluding part we can say that, these
studies insist the use of DEA to measure
companies or industrial efficiency by
considering various models and
procedures. The number and type of
inputs and outputs may vary.

Research Gap

From the in-depth study of the relevant
literature available, the researcher has
observed that studies are few on different
aspects of efficiency measurement of both
public sector and private sector steel
companies in India. Most of the studies
have attempted to assess the efficiency
measurement based on a very small
sample and various industries other than
steel industry. The researcher feels that
in order to make the study meaningful
and comprehensive it is necessary to take
a larger sample. This particular industry
has been identified as a priority sector in
the context of infrastructure development
of India, particularly during the post-
liberalization period, thus deserving in-
depth research in the field.

Research Methodology

DEA is a linear programming method
which is used for measuring efficiency of
several decision making units (DMUs).
DEA used when the manufacturing
procedure presents several inputs and
outputs composition. The competence of
DMUs is estimated through judging their
efficiency by the most excellent working
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DMU. Those units which lie down on the
efficiency boundary are known as top
performing unit. Those units which are
not on the efficiency boundary are
considered as inefficient. The CCR model
is first model created by Charnes in the
year 1978. The BCC model is second
model which is created by Banker in the
year 1984. The constant returns to scale
(CRS) is the basic theory behind CCR
model and the basic theory based on
which BCC model established is variable
returns to scale (VRS). CCR model
evaluate overall efficiency score. BCC
model evaluate pure technical efficiency
score. The CRS technique converted into
VRS technique by dividing technical
efficiency into technical and scale
efficiency mechanisms in BCC model. It
helps to examining scale effects also. Here
the sources of inefficiency also shown
through this breakdown. Main reasons of
it may be either incompetent utilisation
of resources or by detrimental situations
or together. Capability of a company to
create highest outcome that is achievable
is demonstrates by Technical efficiency.
A firm’s return to scale represents its scale
efficiency, whether it is functioning at
growing, declining or optimal scale. A
little raise in the input x when results a
significant raise in the average output is
known as growing return to scale. When
the average productivity unaffected with
the increase in input x, is signify as
Constant returns to scale. These
circumstances make a firm scale
competent. A raise in input x when
directs to a turn down in standard
outcome is signify as declining returns to
scale. These scores are characteristically

described on the interval [0, 1]. The
Variable Returns to Scale (VRS) technique
of DEA formulation which is applied in
present study is as follows:

A
g, |
such that
YI >2Y,
Xl <agX
sl =1
| >0; g unrestricted.

gis the twin variable corresponding to the
equality constraint that standardized the
weighted sum of inputs of the original
problem.

| is the twin variable corresponding to the
other inequality constraints of the ancient.
It works as a weight for the firms.

n stands for the number of DMUs, n =1,
2,...., N.

m stands for the m™ Decision Making Unit
(DMU).

X stands for the matrix of inputs. Y stands
for the matrix of outputs.

The constraint Z,’:‘_ll , =1 is termed a
convexity constraint, and was introduced
by Banker in the year 1984.

Result Analysis and Interpretations
DEA Analysis (Table-1)

BCC DEA model used here to measures
technical and the scale efficiency of 8 steel
companies and for 15 years are
computed. Here Gross sales and PBIT are
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taken as Output variables and short term
funds and long term funds are taken as
input variables. Results for the steel
companies are presented in Table
1(shown in appendix 1).

The CRS results shows that Bhushan steel,
RINL and Bhushan power are considered
technically efficient in few years as these
three companies are put down on the
CRSTE boundary by achieving efficiency
score one. On the other hand, CRS
technique can be converted into VRS
technique if we lighten up the
assumption, then technical efficiency is
divided into technical and scale efficiency
and as a result, SAIL, Tata Steel and Jindal
steel came out to be technically efficient
including the above 3 steel companies in
so many years. Such finding means that
the inefficiency revealed by these
companies under CRS is scale inefficiency
as its scale efficiency score is less than
one. Another important observation
about Bhushan steel, RINL and Bhushan
Power is that, it is shows constant returns
to scale with VRS structure. Whereas all
company in maximum years showing
decreasing return to scale. From the
analysis we can conclude that if the size
of operation decreases and if we
minimised the cost and used optimal fund
utilisation methods then it can reach scale
efficiency. The IRS results find that every
companies are coming out to be
technically efficient in lots of years as
these are put down on the IRSTE
boundary by achieving efficiency score
one. For other years where VRSTE came
out to be less than 1 indicating certain
percent failure of effectiveness in input

use. The findings tell us moderate amount
of profits and the level of gross sales can
be strictly constant with certain
percentage of the capital investment. But
additional development of operations can
help these companies to grow as it shows
rising returns to scale. Again, result shows
that in case of few companies for several
years, the inefficiency shows 40 percent
or more representing huge extent for
additional efficient operation of capital
invested. These companies alternatively
have to either overthrow the size of
operations or minimisation of cost and
optimum fund utilisation methods to
attain scale efficiency. It is notified that
SAIL, Tata Steel, JSW Steel, Jindal Steel
and Essar Steel are showing more than
40 percent inefficiency in very few years.
This low level of efficiency results high
level of investment and low market share.
The growing returns to scale point out by
our examination recommend that these
companies have to increase their extent
of business and vice-versa.

The DEA approach review for all firms
have a satisfactory level of efficiency,
where CCR results varying from 0.15 to
1.00, while BCC efficiency results varying
from 0.22 to 1.00. So we can recommends
that the companies have to reduce their
inputs cost for attaining the similar output
level. Occasionally the average scale
efficiency, CCR and BCC score of a
variety of steel companies achieved 1.00,
this point out that this companies are on
most favourable efficiency level, while the
other companies are remain incompetent,
even though those companies average
scale efficiency, CCR and BCC scores are
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near about to 1.00. The result shows that
mainly big companies and their
subordinate companies are functioning at
a below the optimal efficiency level. As a
result, essential mechanism has been
applied to recover those companies
functioning performance and
effectiveness. This observed outcome from
the table recommends that some
development measures have to be taken
for inefficient companies. The
management must be improved by
reducing short term funds and long term
funds and focusing more on revenue
creation i.e increase in gross profit and
PBIT.

DEA Analysis (Table-2)

BCC DEA model used here to measures
technical and the scale efficiency for 8 steel
companies and for 15 years are
computed. Here Gross sales and PBIT are
taken as Output variables and Total
current liabilities and total debt are taken
as input variables. Results for the steel
companies are presented in Table 2
(shown in appendix 2).

The CRS results shows that RINL and
Bhushan power are considered
technically efficient in few years as these
two companies are put down on the
CRSTE boundary by achieving efficiency
score one. On the other hand, CRS
technique can be converted into VRS
technique if we lighten up the
assumption, then technical efficiency is
divided into technical and scale efficiency
and as a result, SAIL and Tata Steel came
out to be technical efficient including the
above 2 steel companies in few years.

Such finding means that the inefficiency
revealed by these companies under CRS
is scale inefficiency as its scale efficiency
score is less than one. Another important
observation about RINL and Bhushan
Power is that, it is shows constant returns
to scale with VRS structure. From the
analysis we can conclude that if the size
of operation decreases and if we
minimised the cost and used optimal fund
utilisation methods then it can reach scale
efficiency. The IRS results find that every
companies are coming out to be
technically efficient in lots of years as
these are put down on the IRSTE
boundary by achieving efficiency score
one. For other years where VRSTE came
out to be less than 1 indicating certain
percent failure of effectiveness in input
use. The findings tell us moderate amount
of profits and the level of gross sales can
be strictly constant with certain
percentage of the capital investment. But
additional development of operations can
help these companies to grow as it shows
rising returns to scale. Again, result shows
that in case of few companies for several
years, the inefficiency shows 40 percent
or more representing huge extent for
additional efficient operation of capital
invested. These companies alternatively
have to either overthrow the extent of
business or minimisation of cost to attain
scale efficiency. It is notified that all
selected steel companies are showing
more than 40 percent inefficiency in very
few years. This low level of efficiency
results high level of investment and low
market share. The growing returns to
scale point out by our examination
recommend that these companies have to
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increase their extent of business and vice-
versa.

The above discussion recommends that
firms need to trim down their inputs cost,
while preserving the identical output
level. Occasionally the average scale
efficiency, CCR and BCC score of a
variety of steel companies achieved 1.00,
this point out that this companies are on
most favourable efficiency level, while the
other companies are remain incompetent,
even though those companies average
scale efficiency, CCR and BCC scores are
near about to 1.00. The result shows that
mainly big companies and their
subordinate companies are functioning at
a below the optimal efficiency level. As a
result, essential mechanism has been
applied to recover those companies
functioning performance and
effectiveness. This observed outcome from
the table recommends that some
development measures have to be taken
for inefficient companies. The
management must be improved by
reducing total current liabilities and total
debt and focusing more on revenue
creation i.e increase in gross profit and
PBIT.

DEA Analysis (Table-3)

BCC DEA model used here to measures
technical and the scale efficiency for 8 steel
companies and for 15 years are
computed. Here Gross sales and PBIT are
taken as Output variables and Total
interest expenses and total operating
expenses are taken as input variables.
Results for the steel companies are
presented in Table 3 (shown in appendix 3).

The CRS results shows that Bhushan steel,
RINL and Bhushan power are considered
technically efficient in few years as these
three companies are put down on the
CRSTE boundary by achieving efficiency
score one. On the other hand, CRS
technique can be converted into VRS
technique if we lighten up the
assumption, then technical efficiency is
divided into technical and scale efficiency
and as a result, SAIL, Tata Steel and Jindal
steel came out to be technical efficient
including the above 3 steel companies in
so many years. Such finding means that
the inefficiency revealed by these
companies under CRS is scale inefficiency
as its scale efficiency score is less than
one. Another important observation
about Bhushan steel, RINL and Bhushan
Power is that, it is shows constant returns
to scale with VRS structure. Whereas all
company in maximum years revealing
decreasing return to scale. From the
analysis we can conclude that if the size
of operation decreases and if we
minimised the cost and used optimal fund
utilisation methods then it can reach scale
efficiency. The IRS results find that every
companies are coming out to be
technically efficient in lots of years as
these are put down on the IRSTE
boundary by achieving efficiency score
one. For other years where VRSTE came
out to be less than 1 indicating certain
percent failure of effectiveness in input
use. The findings tell us moderate amount
of profits and the level of gross sales can
be strictly constant with certain
percentage of the capital investment. But
additional development of operations can
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help these companies to grow as it shows
rising returns to scale. Again, result shows
that in case of few companies for several
years, the inefficiency shows 40 percent
or more representing huge extent for
additional efficient operation of capital
invested. These companies alternatively
have to either overthrow the size of
operations or minimisation of cost and
optimum fund utilisation methods to
attain scale efficiency. It is notified that
SAIL, Tata Steel, JSW Steel, Jindal Steel
and Essar Steel are showing more than
40 percent inefficiency in very few years.
This low level of efficiency results high
level of investment and low market share.
The growing returns to scale point out by
our examination recommend that these
companies have to increase their extent
of business and vice-versa.

DEA approach review for all firms has a
satisfactory efficiency level where CCR
results varying from 0.15 to 1.00, while
BCC efficiency results varying from 0.22
to 1.00. So we can recommends that the
companies have to decrease their inputs
cost for attaining the similar output level.
Occasionally the average scale efficiency,
CCR and BCC score of a variety of steel
companies achieved 1.00, this point out
that this companies are on most
favourable efficiency level, while the other
companies are remain incompetent, even
though those companies average scale
efficiency, CCR and BCC scores are near
about to 1.00. The result shows that
mainly big companies and their
subordinate companies are functioning at
a below the optimal efficiency level. As a
result, essential mechanism has been

applied to recover those companies
functioning performance and
effectiveness. This observed outcome from
the table recommends that some
development measures have to be taken
for inefficient companies. The
management must be improved by
reducing short term funds and long term
funds and focusing more on revenue
creation i.e increase in gross profit and
PBIT.

Empirical Findings and Implications

BCC DEA model used here to measures
two types of efficiency one is technical
and the other one is scale. For this purpose
8 steel companies are taken for 15 years
with 3 sets of input & output variables.
In first analysis, Gross sales and PBIT are
taken as Output variables and Total
interest expenses and total operating
expenses are taken as input variables The
CRS results shows that Bhushan steel,
RINL and Bhushan power are coming out
to be technically efficient in few years. .
On the other hand, CRS technique can
be converted into VRS technique if we
lighten up the assumption, then technical
efficiency is divided into technical and
scale efficiency and as a result, SAIL, Tata
Steel and Jindal steel came out to be
technical efficient including the above 3
steel companies in so many years. This
recommends that firms have to reduce
their inputs cost, while maintaining the
same level of output.

In second analysis, Gross sales and PBIT
are taken as Output variables and total
current liabilities and total debt are taken
as input variables. The CRS result shows
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that RINL and Bhushan power are
coming out to be technically efficient in
few years. On the other hand, CRS
technique can be converted into VRS
technique if we lighten up the
assumption, then technical efficiency is
divided into technical and scale efficiency
and as a result, SAIL and Tata Steel came
out to be technical efficient including the
above 2 steel companies in few years. This
recommends that if the firms can reduce
its size of operation and also reduce their
input costs or taken various cost cutting
methods they can achieve scale efficiency.

In third analysis, Gross sales and PBIT are
taken as Output variables and short term
funds and long term funds are taken as
input variables The CRS results shows
that Bhushan steel, RINL and Bhushan
power are coming out to be technically
efficient in few years. On the other hand,
CRS technique can be converted into VRS
technique if we lighten up the
assumption, then technical efficiency is
divided into technical and scale efficiency
and as a result, SAIL, Tata Steel and Jindal
steel came out to be technical efficient
including the above 3 steel companies in
so many Yyears. These companies
alternatively have to either reduce their
size of operations or apply cost cutting
techniques and optimum fund utilisation
methods to achieve scale efficiency.

Conclusion

DEA is a technique which was introduced
for analysing the performance of selected
firms. Here we have taken panel data of
8 companies which are listed as top steel
companies in the market for performing

empirical analysis. The outcome obtained
from the DEA approach of this study
demonstrates that during the testing
period all firms attained an adequate
overall level of efficiency but not in all
years. This recommends that firms need
to trim down their inputs cost for
retaining the identical stage of production.
From above findings we can conclude
that the majority of big companies and
small corresponding units of them are
functioning at a suboptimum stage of
efficiency. The result implies that DEA
analysis can achieve scale efficiency either
through decreasing its volume of function
or have to minimised production cost and
optimum fund utilisation methods.
Consequently, for development of their
operational performance and efficiency
necessary measures have to be taken. The
observed finding suggests that inefficient
companies need improvement. The
management must be improved by
reducing total interest expenses, total
operating expenses, total current liabilities
and total debt and focusing more on
revenue creation i.e increase in gross
profit and PBIT. The analysis help us
towards estimation of the target for
evaluating and give explanation of the
determinants of each firm’s efficiency,
which includes measuring the effect of
economies of scale, this also involved a
principally objective mathematical score.
There have some shortcomings also, for
this reason some additional research is
required with other input and output
variables. This study’s results and
recommendations can expectantly give
benefit to the managements of inefficient
companies. These findings also facilitate
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them to restructure their managerial
scope and business methods. They also
get an idea about reconsider resource
consumption in favour of getting better
efficiency and enhancing performance.
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APPENDIX

Below Table-1 shows : Results for the steel companies using BCC DEA model. Here
Gross sales and PBIT are taken as Output variables and short term funds and long term
funds are taken as input variables.

VRS Frontier(—l1:drs, QOQ:cxrs, L1l:irs)

CRS_TE VR3_TE NIRS_TE SCALE ATSs
cdmu =i 0.2818973 0.S56&E5029 0O.7€8€7782 0O.516739 -1.000000
dmu : 2 0D.2548E5 0.2594740 0.676173 0D.864€61 -1 .000000
dmwua 3 0.2331461 0O.5Z=2454 0O.6543c4 0.634431 -1 .000000
dmua: 4 i1.000000 1.000000 i.000000 1.000000 0.000000
dmua S 0.155854 0.224708 1.000000 0.711561 -1 .000000
dmu : & 0.436110 0.4788513 0.8§52359 0.8211387 —1.000000
dmwa 7 0D.564255 1.000000 0.824346 0.564255 i1.000000
dmu = 8 0.707208 0O.707208 O.T211 &7 1.000000 0.000000
dmu = 1 0.2341007 0.659623 o.774113 0.516970 -1 .000000
dmu : 2 0o.26z2241 0.417540 O.678703 0O.866731 =1 .000000
dmu =3 0.21581738 0.526040 0O.58525&1 0.55854237 =1 .000000
dmu : 4 o._.78883=2 o.820107 0o.835z283 0O.956198¢6 =1.000000
dmu =S8 0.1598854 0.224708 1i.000000 O.711861 =1.000000
dmu : € 0.556z297 0.583801 0O.800433 0.936841 —1.000000
dmua =7 0.594824 0.8048924 0.58793s8 0O.738994 1.000000
dmu : 8 i1.000000 i1.000000 i.000000 i1.000000 0O.000000
dmu:1 0O.36Z2Z883 0.705188 0O.718005 O.514583 -1.000000
dmua: 2 0.61458 86 . E6268767 0O.8313101i2 0O.98086S 1.000000
dmua : 3 0.380581 0.650778 oO.650778 0O.584810 —1.000000
dmu: 4 0.6453281 c.6804z22 o.72138¢6 0.9548500 =1 _000000
dmu:z$S 0.23T7266=2 O.44332s2 o.85z2=2422 0.840485 =1 .000000
dmua : & 1.000000 1.000000 i1.000000 1.000000 0.000000
dmua 7 0.538754 0.€6€190598 O.T218522 O.8E70224 1.000000
dmu 8 O.882456 O.888970=2 O.5118985=2 O.5Bi1E855 1.000000
dmuz = 1 0.484Z2850 i1.000000 i.000000 o.4842Z280 -1 .000000C
dmua: 2 0.6078&851 0.&€98077 O.T7i8621 0O.868833 i1.000000
dmu : 3 0.531628 0.964157 i.000000 0O.551&9=2 =-1.000000
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Below Table-2 shows: Results for the steel companies using BCC DEA model. Here
Gross sales and PBIT are taken as Output variables and Total current liabilities and
total debt are taken as input variables.
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dmu:l 0.015564 0.556100 1.000000 0.016278 -1.000000
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Below Table-3 shows: Results for the steel companies using BCC DEA model. Here
Gross sales and PBIT are taken as Total Interest Expences and Total Operating Expen-
diture and Total current liabilities and total debt are taken as input variables.
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