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ABSTRACT

	 India’s	national	mission	to	improve	energy	efficiency	focuses	on	en-
hancing	the	efficiency	in	its	most	energy-intensive	industries.	Motivated	
by	this	mission,	we	measure	and	analyze	energy	efficiency	in	the	coun-
try’s	iron	and	steel industries	applying	data	envelopment	analysis using 
firm-level	panel	data	over	the	period	2004-2012.	The	results	show	that	
the	energy	efficiency	of	India’s	iron	and	steel industries	has	improved	
and	energy	intensity	has	declined	during	the	study	period.	However,	
there	is	a	large	potential	for	these	industries	to	further	reduce	energy	use.	
The results of the regression analysis obtained using panel data indicate 
that	larger	firms	tend	to	have	higher	energy	efficiency.	In	addition,	labor	
productivity	improves	energy	use	efficiency.	Improvements	in	energy	ef-
ficiency,	particularly	in	small	and	medium	firms	should	be	encouraged.

INTRODUCTION

	 The	International	Energy	Agency	(IEA)	states	“energy	efficiency	
needs	to	be	central	in	energy	policies	around	the	world”	[1].	Improve-
ments	 in	energy	efficiency	are	emerging	as	key	policy	solutions	 for	
ensuring	energy	security,	reducing	energy	costs	and	controlling	envi-
ronmental	pollution.	The	efficient	use	of	energy	is	also	imperative	for	
enhancing	the	competitiveness	and	strengthening	the	sustainability	of	
energy-intensive	industries	[2].	The	iron	and	steel	manufacturing	indus-
tries	are	highly	energy-intensive	and	increase	emissions.	However,	iron	
and	steel	are	vital	inputs	that	fuel	economic	growth.	Energy	production	
and	transmission	also	rely	heavily	on	steel.	Efficient	use	of	energy	in	
iron	and	steel	manufacturing	is	central	to	achieving	the	goal	of	sustain-
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able	economic	growth.
	 The	chief	objective	of	the	study	was	to	measure	energy	efficiency	
in	the	Indian	iron	and	steel	 industries,	 the	county’s	 largest	 industrial	
energy	user.	This	sector	accounted	for	21%	of	 India’s	 total	 industrial	
energy consumption in 2013 and its share is projected to increase rap-
idly,	reaching	29%	in	2040	[3].	Furthermore,	expenditures	on	power	and	
fuel	constitute	key	components	of	 total	manufacturing	cost,	 ranging	
between	40%	to	60%	for	a	typical	iron	and	steel	company.
	 Due	 to	 the	 industry’s	 rapid	growth,	 India	 is	 the	 third	 largest	
producer	of	crude	steel	in	the	world	after	China	and	Japan;	India	is	ex-
pected	to	overtake	the	Japan	before	2020.	The	growth	in	India’s	iron	and	
steel	industries	is	mainly	due	to:	a)	India’s	comparatively	low	per	capita	
steel	use,	60	kg	per	capita	compared	to	the	world	average	of	216	kg	per	
capita;	and	b)	the	increase	in	the	use	of	steel	resulting	from	expanded	
infrastructure	 requirements,	 including	 the	 construction	 roads	and	
railways.	To	meet	the	growing	domestic	demand,	the	country	plans	to	
increase the production of steel to 300 million metric tons by 2025 from 
90	million	metric	tons	by	2016.
	 India	has	established	targets	for	reductions	in	energy	use	in	vari-
ous	energy-intensive	industries.	Morrow	III	et	al.	projected	that	use	of	
energy-efficient	 technologies	could	yield	considerable	energy	savings	
in	India’s	 iron	and	steel	 industries	 [4].	 It	 is	clear	 that	estimating	and	
analyzing	energy	efficiency	in	the	rapidly	growing	Indian	iron	and	steel	
industries	is	 informative	to	formulate	and	implement	stronger	energy	
efficiency	policies.
 There is a dearth of empirical literature on the analysis of energy 
efficiency	in	India’s	iron	and	steel	industries.	Very	few	studies	of	inputs	
use	overall	energy	efficiency	as	a	key	variable.	For	instance,	Debnath	and	
Sebastian	used	data	envelopment	analysis	(DEA)	to	evaluate	the	overall	
technical	efficiency	in	India’s	iron	and	steel	manufacturing	industry	for	
the	year	2007-08	[5].	Economies	of	scale	were	noted	in	both	the	iron	and	
steel	industries.	Likewise,	Dwivedi	et	al.	assessed	the	technical	efficiency	
of	India’s	 leading	steel	manufacturing	firms	employing	data	envelop-
ment	analysis	over	the	period	2006-2010	[6].	A	considerable	variation	was	
reported	in	the	technical	efficiency	levels	of	firms.	However,	Dwivedi	et	
al.	did	not	accommodate	energy	as	an	input	for	measuring	the	efficiency	
in	Indian	iron	and	steel	industry	[6].	Moreover,	both	of	these	studies	used	
a	DEA	model	in	which	the	objective	function	was	to	equally	minimize	all	
inputs	to	the	greatest	amount	feasible	to	maintain	a	given	level	of	output	
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instead	of	a	reduction	in	energy	input	only.	Existing	studies	did	not	attempt	
to	explain	variations	in	energy	efficiency	in	the	iron	and	steel	industry.
	 By	addressing	such	gaps,	this	study	advances	the	extant	empirical	
literature	on	energy	efficiency	in	India	using	the	production	function	
approach	where	both	energy	and	non-energy	inputs	are	accommodated.	
The	objective	is	to	bring	the	largest	feasible	decrease	in	the	energy	input	
for	obtaining	a	given	level	of	output.	This	study	is	the	first	to	investigate	
the	energy	efficiency	of	India’s	iron	and	steel	industry	at	the	firm-level	
using	a	theoretical	production	framework	that	excessively	focuses	on	
energy	use.	Factors	affecting	energy	efficiency	are	also	considered.
	 The	empirical	analysis	provides	better	insights	for	implementing	
and	understanding	energy	efficiency	policy	in	one	of	the	world’s	largest	
emerging	economies.	The	DEA	model	and	multiple	regression	model	
used	in	the	study	and	their	sources	of	data	are	discussed.	The	empirical	
results are presented along with conclusions from the analysis and their 
policy	implications.

METHODOLOGY

	 For	measuring	the	energy	efficiency	 in	Indian	iron	and	steel	 in-
dustry,	this	study	parallels	Martinez	and	Mukherjee	by	using	the	data	
envelopment	analysis	model	(DEA).	It	considers	feasible	decreases	in	
energy	consumption	without	reductions	in	output	while	avoiding	the	
use	of	extra	quantities	of	other	inputs	[2,7].	The	model	is	specified	as:

 θ* = min θ (1)

subject to

 
where θ*	=	energy	efficiency	index,	K =	capital,	L =	labor,	M = raw mate-
rial,	E = energy consumption and y =	output.	If	θ*	=1,	the	firm	is	energy	
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efficient,	which	means	that	no	decrease	in	energy	use	is	feasible,	if	θ*θ	1,	
the	firm	is	energy	inefficient.

Regression Analysis for Explaining Energy Efficiency
 The multiple regression model used to analyze the changes in 
energy	efficiency	is	as	follows:

 θ* = f(S,	S2,	LP,	CL)

where S =	size	of	firm,	LP =	labor	productivity,	
 and CL =	the	capital-labor	ratio.

Data Sources
	 The	output	is	defined	in	terms	of	the	gross	value	of	production	and	
the	inputs	used	in	the	study	are:	 labor,	capital,	energy	and	materials.	
The	firm	level	data	in	nominal	terms	are	obtained	from	the	electronic	
PROWESS	database	provided	by	Centre	 for	 Indian	Economy	for	 the	
period	2004	to	2012.

RESULTS	AND	DISCUSSION

	 Table	1	(see	page	34)	presents	 the	estimates	of	energy	efficiency	
assessed	in	terms	of	energy	intensity	and	indices	of	efficiency	obtained	
using	the	 input	oriented	DEA	model	 for	 India’s	 iron	and	steel	firms	
during	the	period	of	study.	The	average	energy	intensity	of	India’s	iron	
and	steel	industry	is	0.059	implying	that	to	produce	$1	(U.S)	worth	of	
output,	this	industry	uses	on	average	$0.059	worth	of	energy.	
	 It	is	evident	from	the	results	presented	in	Table	1	that	India’s	iron	
and	steel	industries	are	becoming	less	energy	intensive.	The	energy	in-
tensity	has	been	improved	by	0.011	percentage	points	between	2004	and	
2012,	reduced	at	a	compound	rate	of	1.40	per	annum.	This	means	that	
in	order	to	produce	$1	worth	of	iron	and	steel,	expenditures	on	energy	
declined	from	$0.069	 in	2002	to	$0.058	 in	2012.	This	finding	indicates	
that	reducing	energy	costs	is	a	high	priority	in	terms	of	improvements	
in	production	process.	However,	the	observed	pace	of	energy	intensity	
improvement	in	the	industry	is	moderate.
	 The	results	presented	in	row	3	of	Table	1	show	that	the	average	en-
ergy	efficiency	index	for	Indian	iron	and	steel	industry	is	0.871.	This	im-
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plies	that	it	is	feasible	to	decrease	energy	use	by	12.9%	while	maintain-
ing	the	same	level	of	production	without	utilizing	additional	amounts	
of	other	 inputs.	The	energy	efficiency	 index	 indicates	a	statistically	
significant	rising	 trend.	The	efficiency	 index	registered	a	compound	
annual	growth	rate	of	1.67%	during	the	period	of	study.	This	finding	
corroborates	the	earlier	finding	regarding	the	iron	and	steel	industry’s	
priority	of	energy	saving.	The	improvement	in	energy	efficiency	may	be	
partially	attributed	to	energy	efficiency	interventions	instituted	by	the	
Government	of	India	under	the	Energy	Conservation	Act	(2001).	How-
ever,	there	still	exists	a	large	potential	for	enhancing	energy	efficiency	in	
India’s	iron	and	steel	industry.	This	finding	concurs	with	projections	of	
energy	saving	potential	provided	by	Morrow	III	et	al.	[3].

Explaining Energy Efficiency
	 The	results	of	 regression	analysis	performed	to	 investigate	 the	
changes	in	energy	efficiency	using	panel	data	are	presented	in	Table	2,	
which	indicates	that	firm	size	has	a	positive	and	statistically	significant	
impact	on	energy	efficiency.	This	finding	concurs	with	the	findings	of	
Martinez	who	studied	energy-intensive	manufacturing	 industries	 in	
Germany	and	Colombia	[2].	However,	 the	negative	estimate	of	 influ-
ence of size2	on	energy	efficiency	reveals	that	an	increase	in	firm	size	
initially	 improves	energy	efficiency	and	then	decreases	after	reaching	
an	optimal	size.	In	addition,	 labor	productivity	significantly	enhances	
energy	efficiency.	This	result	corroborates	the	finding	of	Mukherjee	in	
the	context	of	India’s	manufacturing	sector	[7].	The	coefficient	of	capital	
labor	ratio	is	not	statistically	significant,	implying	that	capital-intensive	
technology	does	not	guarantee	energy	savings.
 The results of diagnostic tests presented in the last three rows of 
Table	2	show	that	the	estimates	of	parameters	are	robust	and	fit	for	reli-
able	interpretation.	Specifically,	the	calculated	value	of	R2 reveals	that 
about	50%	of	total	variation	in	the	energy	efficiency	score	is	explained	by	
the	model	used.	The	statistical	significance	of	the	estimated	value	of	F-
statistic	indicates	that	the	overall	fitness	of	the	regression	analysis	is	good.

CONCLUDING	REMARKS

	 The	DEA	model	is	applied	to	assess	the	energy	efficiency	of	India’s	
iron and steel industry	using	firm-level	panel	data	for	the	period	from	
2004	to	2012.	The	results	show	that	on	an	average,	iron	and	steel firms	
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have	witnessed	an	enrichment	in	energy	efficiency	and	reduction	in	ener-
gy	intensity	during	the	period	studied.	It	indicates	that	energy	savings	is	
a	high	priority	for	India’s	iron	and	steel industries.	However,	there	is	po-
tential	for	further	energy	efficiency	improvements.	The	results	from	the	
panel	data	regression	analysis	reveal	that	energy	efficiency	first	improves	
as	firm	size	increases,	then	declines	after	reaching	a	certain	level	of	size.	
In	addition,	labor	productivity	is	found	to	be	positively	and	significantly	
associated	with	energy	efficiency.	The	policy	implication	of	our	findings	
is	clear.	To	achieve	the	goal	of	improved	energy	efficiency,	particularly	for	
small	and	medium-sized	firms,	encouragement	is	required.
	 Presently,	most	of	India’s	iron	and	steel	plants	are	coal-fired.	The	
modernization	and	expansion	of	steel	plants	 is	desirable	not	only	to	
improve	energy	efficiency	but	also	 for	environmental	sustainability.	
About	70%	of	the	coking	coal	requirement	of	the	industry	is	supplied	by	
imports.	Clearly,	switching	steel	plants	to	natural	gas-based	coking	has	
positive	overseas	environmental	externalities.	As	has	been	emphasized	
by	Government	of	 India	 in	 its	draft	National	Steel	Policy	2017,	 there	
is	an	urgent	need	to	promote	natural	gas-based	steel	plants,	electric/
induction furnaces and other technologies which will lower usage of 
coking	coal	in	blast	furnaces	[8].
	 Improvements	in	energy	efficiency	in	the	iron	and	steel	industries	
are	essential	to	accomplishing	India’s	nationally	determined	contribu-
tion	goals.	These	include	reducing	the	emissions	intensity	of	the	coun-
try’s	gross	domestic	product	by	33%	to	35%	by	2030	compared	to	2005	
levels,	as	ratified	in	the	Paris	Agreement.	The	findings	of	this	empirical	
analysis	are	also	useful	 for	other	developing	countries	 to	establish	a	
sustainable	and	competitive	low-energy	iron	and	steel	industry.
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