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Abstract

I explore how regulatory outcomes of an infrastructure good a¤ect indus-
try equilibrium when �rms have access to an outside option. In particular,
I look at electricity regulation and the adoption of captive power generators
by Indian �rms. In a setting that combines upstream regulation with down-
stream heterogeneous �rms in a monopolistic competition framework, I model
how regulator�s preferences and the economic environment (i.e. regulation and
openness) determine �rms�decision to adopt a cost-reducing device and the
subsequent industrial aggregate productivity. The mechanisms I propose are
present for a representative repeated cross-section sample of Indian �rms in
the 1990s. I show that �rms that are more productive, in states where regula-
tor�s pricing schemes over-charge industrial producers and in industries more
protected from competition are more likely to adopt a captive power generator.

1 Introduction

The lack of adequate infrastructure is one of the main challenges that �rms in devel-
oping countries face on a daily basis. Infrastructure costs for �rms in the developing
world can be up to four times higher than they are in OECD countries, making in-
frastructure one of the main concerns for entrepreneurs (Gonzalez et al. (2007)). In
many cases, bad infrastructure stems from countries��nancial inability to invest in
infrastructure (e.g. because of the stress or ine¢ ciency of the tax system), but in
others, it is the consequence of direct institutional failures such as weak governance,
lack of capacity or poor regulation (La¤ont (2005), World Bank (2006)). However,
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problems associated with high tari¤s and poor quality in infrastructure can be miti-
gated if �rms have access to outside options for the public provision of infrastructure
goods. In the case of electricity, in regions like Sub-Saharan Africa and South Asia�
where only 1 in 4 people and 2 in 5, respectively, have access to electricity from the
network��rms turn to the installation of captive power generators. For example, in
a survey of manufacturing �rms in India in 2002, almost 30% of �rms reported that
the state of the electricity network was a major or a very severe obstacle for business
and 64% owned an electricity generator. In Pakistan, �rms reported 40% and 42%
to the same questions, respectively. In Sri Lanka and Bangladesh, 41% and 71%, re-
spectively, reported that electricity was a major or very severe obstacle and, in both
cases, the adoption rate exceeded 70% (Asian Development Bank (2002)). Arnold et
al.(2008) show data from a similar survey for �rms in Sub-Saharan Africa: in Kenya,
71% of �rms in the sample owned a generator; in Tanzania, 55% and almost 40% in
Uganda and Zambia. In all countries, the average score for electricity as an obstacle
was between "moderate" and "major".
This set of stylized facts suggests that, at least in South Asia and Sub-Saharan

Africa, the inadequate provision of electricity hinders the development of the manu-
facturing sector and that some �rms can �nd alternative arrangements to deal with
the problem, but some cannot. It follows that if �rms that adopt captive power co-
exist with �rms that do not, then this must somehow a¤ect the con�guration of an
industry (i.e. who survives, distribution of pro�ts, etc.) In this paper I investigate
these questions by analysing the underlying determinants of captive power adoption
by �rms and their e¤ects on industry outcomes. To that end, I develop a model
that links the regulatory process in the upstream (e.g. electricity provision) to �rms�
behaviour in the downstream and the resulting industry equilibrium. I subsequently
use data from �rms in India to analyse their decision to set up a captive power gen-
erator to deal with inadequate provision and pricing schemes in the electricity sector.
I am interested in identifying not just which �rms adopt a generator to back up their
network provision but also in looking at how this phenomenon a¤ects industry-wide
outcomes. Furthermore, I provide some insight into the nature of di¤erent regulatory
outcomes, by using the institutional features of the electricity sector in India, where
each state controls the supply and decides on the pricing schedule.
Pricing schemes in Indian states are generally biased towards agricultural and do-

mestic consumers, who enjoy below cost or even free energy, while the industrial sec-
tor has to contend with high tari¤s and unreliable supply. These regulatory practices
have a political economy component (e.g. an agricultural voting base gives power
to pro-agricultural political parties) and a socioeconomic component (e.g. keeping
agricultural inputs cheap so agricultural and food prices remain low). They may also
generate a vicious circle in which the agricultural sector, because of its importance,
controls the political lever lobbying for subsidies that a¤ect a manufacturing sector
which remains politically and economically restrained. To account for this asymme-
try in lobbying power, I build on the analysis of the regulatory process in the baseline
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model developed by La¤ont and Tirole (1993, Ch. 2). The authors show that under
the standard assumption that the regulator collects the money and makes transfers
to the producer, optimal pricing is above marginal and below monopolistic price, be-
cause transfers to the supplier can only be done at a positive cost. The key idea is
that because transferring funds from taxpayers is socially costly, society is better o¤
by allowing the regulated monopoly to charge above marginal cost, thus reducing the
need for transfers. In this setting, I complement this model by introducing a measure
of the power of lobbies in the regulator�s objective function: the price set will depend
on the relative importance the regulator gives to the welfare of the industrial sector,
the consumer of the monopolistically supplied good. Intuitively, with zero transfer
costs, if the regulator cares fully about consumers�well being, then the weight given
to the consumer surplus in a utilitarian social welfare function would be highest and
the price should be set equal to the marginal cost. Conversely, if the regulator does
not care about consumers, then the price would be set at the unconstrained monop-
olistic price. Intermediate values of the pro-consumer preference would imply a price
somewhere in between.
I analyse how regulatory outcomes a¤ect the behaviour of �rms that have access

to an electricity-cost-reducing device (such as captive power generators) in a setting
where consumers have a taste for variety and �rms are heterogeneous, as in Melitz
(2003) and Bernard et al.(2006). I am interested in characterising �rms that adopt
this technology and how changes in the environment (such as trade protection and
licensing schemes) a¤ect industry and �rm outcomes. In particular, the model shows
that adoption of captive power follows higher electricity prices and lower quality
and is more prevalent in environments that are shielded from competition. This
provides an interesting �nding that links infrastructure regulation with the process
of market deregulation. Since it is easier for �rms to recoup the cost of setting up a
captive generator in a more protected environment, the outside option (e.g. a captive
generator) becomes less feasible when the sector is subject to more competition.
From the model, I derive a set of predictions that are tested using a repeated

cross-section of manufacturing factories in India for the years 1990, 1994 and 1997.
The data are merged with information on regulatory outcomes at the state level (such
as prices for industrial consumers and indicators of quality) and at the industry level
(such as protection from trade or barriers to entry, i.e. licenses). By looking at
data from State Electricity Boards (SEB) I �nd that industries have to pay relatively
more for their electricity in states where farmers use an electricity-intensive technol-
ogy, providing evidence for the political economy mechanism of the regulatory process
described above. Other results con�rm that the mechanisms related to �rm and in-
dustry outcomes described in the model are at work, such as the link between industry
regulation (e.g. licensing schemes and trade tari¤s), and �rms�adoption, survival and
productivity. I also �nd evidence that the regulatory process has heterogeneous ef-
fects along dimensions such as location, with rural and urban �rms reacting more to
high electricity tari¤s and metropolitan �rms reacting to low quality and reliability
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in the electricity provision. Overall, results suggest that an industry�s equilibrium
after a process of opening to foreign competition and deregulation varies according
to quality and pricing policies in the provision of infrastructure goods.
This investigation adds to the literature on the impact of regulation of the indus-

trial sector in developing countries by bringing together the regulatory process in the
provision of an infrastructure good and the economic environment that determines
�rm�s behaviour and industries�performance. Others have looked at price formation
in input markets and industrial outcomes. Besley and Burgess (2004), for example,
analyse the drivers of labour regulation in Indian states and the e¤ects of pro-labour
regulation on investment and productivity. Aghion et al. (2007) �nd that pro-labour
regulation has a negative e¤ect on industrial outcomes when sectors are delicensed.
From an infrastructure perspective, Dollar et al. (2003) analyse the "investment cli-
mate" by using indicators of performance of telecoms, electricity and banking sectors
as perceived by �rms and �nd that �rms are a¤ected more by inadequate or badly
regulated infrastructure than by higher corruption or poor governance. In particu-
lar, they �nd that the performance of the electricity sector (as measured by power
outages) takes the higher toll in terms of productivity and pro�tability. Arnold et al.
(2008) show that total factor productivity in manufacturing industries is positively
correlated with generator ownership and negatively correlated with power outages
for eight countries in Sub-Saharan Africa. In a similar vein, but with di¤erent em-
phasis, and concentrating speci�cally on regulatory issues in developing countries, a
recent strand in the regulation literature investigates how the economic environment
a¤ects the quality of public utilities regulation, underlining corruption and enforce-
ment problems (see for ex, Guasch et al. (2003) and La¤ont (2005)).
The remainder of this paper is organised as follows. The next section presents the

model and derives a set of testable predictions in the context of Indian �rms. Section 3
discusses the data and sources of variation and Section 4 presents the results. Section
5 concludes.

2 The Model

The model is composed of two parts. In the �rst one, I investigate the captive power
adoption decision for heterogeneous �rms and the subsequent industry equilibrium
for a given level of quality-adjusted price of electricity. In the second part, I model
the regulatory process to determine the drivers of electricity pricing and how they
a¤ect �rms�decisions and the industry equilibrium.

2.1 Set up: downstream

Demand
All consumers have similar Cobb-Douglas preferences over two types of goods,

agricultural and manufactured goods denoted by A and M , respectively. There is a
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continuum range of varieties Vi of manufacturing goods, over which consumers have
preferences de�ned by a constant elasticity of substitution (CES) utility function.
The taste for variety of goods is denoted by �, such that 0 < � < 1 and the elasticity
of substitution is de�ned as � = 1=(1� �) > 1. Consumers�utility function is

U =M�A1�� = [

Z
v2V

m(v)�dv]
�
�A1�� (1)

where m(v) is the consumption of each variety of manufactured goods. Following
Dixit-Stiglitz (1977) and Fujita et al. (1999, Chapter 2), the demand for a manufac-
ture j is

m(j) = �Y
p(j)��

H1�� (2)

and the demand for the agricultural good is

A = (1� �)Y
pa

where Y is a given level of income, p(j) and pa are the prices of the good j and
the agricultural good respectively and H is the aggregate price of manufactures such
that

H = [

Z
v2V

p(v)1��dv]
1
1�� (3)

Firms
There is a continuum of heterogeneous �rms, each producing a di¤erent variety

using labour and electricity. For simplicity, in the short run, �rms are assumed to
pay a �xed cost F in labour to produce l units of output and can produce in excess
of l by using electricity with di¤erent degrees of success. In particular, heterogeneity
is captured by a positive productivity factor ' with uniform density function d(')
on (0;�) and cumulative distribution D(') = '=�. Demand for electricity is then a

linear function of �rm�s output (qf) of the form e =
qf � l
'

if qf > l and 0 otherwise.

I assume the demand of a variety represented in equation (2) is such that m(j) > l
and rede�ne q = qf � l. It follows that total and marginal costs for variety j increase
with electricity price Pe and decrease with productivity ' and can be expressed as

TC('j) = F +
Pe
'j
q (4)

The combination of (2) and (4) gives a pro�t function with a variable net revenue

of (p � Pe
'j
)�Y

p(j)��

H1�� . The �rst order condition for the pro�t-maximising price is
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(1� �) + �
p

Pe
'j
= 0. Replacing � = 1=(1� �) and solving for p, produces an optimal

price equal to the marginal cost indexed by the productivity level and a �xed mark
up 1=�. This price captures the local market power producers have, derived from
consumers�taste for variety �

p('j) =
Pe
'j�

(5)

and a pro�t for �rm j

�('j) = �(1� �)Y [
'j�H

Pe
]��1 � F (6)

Note that pro�ts increase when consumers spend more on many manufactures,
driven by preferences (�) or income (Y ), for example. Given these parameters, �rms�
idiosyncratic productivity (') determines whether �rms can cover their �xed costs
and survive in the market. That means that less productive �rms will not be able
to remain active if productivity is below a value '�, such that �('�) = 0. Average
productivity and the subsequent aggregate price and market equilibrium will be de-
termined by the pool of existing �rms in the market and not by the pool of potential
entrants. As a consequence, I need to rede�ne the distribution of productivity to
account for the low productivity �rms that will not remain active. The resulting

conditional distribution of productivity is g(') =
d(')

1�D('�) =
1

�� '� if � > '�

and 0 otherwise. To rule out the latter, I assume that there is a taste for variety large
enough to allow a cut-o¤ level below the maximum, i.e. �� > '� or �(' = ��) > 0.

The aggregate price is H('�) = [
R �
'� p(')

��1g(')d']
1
1�� . Also note that higher mar-

ginal cost will increase �rms�pro�t per unit sold but, because consumers�expenditure
in manufacturing goods is �xed, it will reduce demand for each variety. The role of
the aggregate price and the electricity price will be explored further below.
Market equilibrium in a closed economy
In a closed economy, only domestic �rms with a similar technology compete. As

�rms in an industry are assumed to di¤er only in their productivity, changes a¤ecting
the marginal cost of one �rm will a¤ect symmetrically the whole industry, meaning
that not just the �nal price of a �rm will increase with a higher marginal cost, but
also the aggregate price level H. Note that by combining (5) for all �rms and (3), H
can be rewritten as

Hc = p(~')M
1
1�� =

Pe
�~'
M

1
1�� (7)

where p(~') is the price of the average �rm, as ~'('�) = [
R �
'� '

��1g(')d']
1
��1 is the

weighted average productivity, and M is the mass of surviving �rms in the market.
By combining equation (7) with (6), pro�ts can be expressed as

�c('j) = �(1� �)
Y

M
[
'j
~'
]��1 � F (8)
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which is independent of the price of electricity. The fact that equilibrium pro�ts are
independent of changes in the marginal cost reproduces a result found in the classical
microeconomic literature. When �nal goods�markets are assumed to be perfectly
competitive, the supply of �nal goods depends on an input�s price via its demand.
An increase in the factor�s price would simply shift upwards the supply curve. This
means that changes in variables increasing �rms�marginal cost would simply induce
a new market equilibrium with a higher price and lower quantity traded in the �nal
good�s market. In brief, in a closed economy, changes in the marginal cost that a¤ect

all �rms will not a¤ect the cut-o¤ productivity level '�, i.e.
@'�(Pe)

@Pe
= 0.

Following Melitz (2003) and Bernard et al. (2006), market equilibrium will be
characterized by a Zero Cut-o¤ Pro�t Condition (ZCP) where the average pro�t can
be written

~� = �(~') = [
~'('�)

'�
]��1[�(1� �)Y [

'�j�H

Pe
]��1]� F = Fk('�) (9)

where k('�) = [ ~'('
�)

'� ]
��1 � 1 is a monotonically decreasing function of '�, from

in�nity to zero under density distribution d(')1.
The Free Entry Condition (FEC) implies that the expected net value of entry

for the average �rm (ve)�considering the discounted (by a factor �) probability of
successful entry after paying entry fee fe�should be equal to 0: ve =

[1�D('�)]
�

~��fe = 0,
or

~� =
fe�

[1�D('�)] (10)

which is monotonically increasing in '�. This is because the lower the probability
of succeeding, the higher the average pro�t has to be. The cut-o¤ equilibrium level
'� will satisfy simultaneously both ZCP and FEC: as k('�)[1�D('�)] = fe�=F . The
existence of equilibrium is ensured by the fact that k decreases from in�nity to zero
and [1�D('�)] decreases from 1 to 0.

2.2 Adoption of captive power generators

The following part of the model draws from anecdotal evidence on the adoption of
captive power generators by Indian �rms. In particular, this section introduces the
possibility that �rms set up a technology which allows them to reduce their marginal
cost by reducing the price Pe they pay for their electricity of a determined quality.
In this setting, an excessive price or reduced quality in the provision of electricity
could increase the costs of industrial production and a¤ect the competitiveness of
�rms when some �rms have an outside option such as a captive generator and others

1Under the uniform distribution [ ~'('
�)

'� ]��1 =
���1 � '���1
'���1(�� '�) that is decreasing in '

� under the

assumption that �� > '�:
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do not. It is well documented (see for example TERI (1999) and Tongia (2003)) that
Indian �rms choose to set up their own electricity generator to hedge against power
failures or voltage �uctuations, thereby ensuring adequate quality (small generators)
or lower costs (bigger power plants), and that this practice has increased over the
years. As Biswas et al. (2004) point out when analysing the captive generation
in Gujarat, some industries like metal producers rely critically on the provision of
energy. Sometimes, as in the aluminium industries, it can determine up to 40% of
total production costs.
Assume �rms can pay a �xed amount G to introduce a marginal cost-reducing

technology that scales down the tari¤ paid to the electricity by �(Pe), so that the
price of electricity enters marginal cost as Pe�(Pe). The idea is that �rms can buy a
generator to hedge against erratic quality in supply. A few assumptions are needed
to characterize this technology: if the electricity supplier charges the marginal cost
of producing a unit (adjusted by quality) of electricity c, then using a generator does
not reduce �rms�marginal cost (�(c) = 1). The greater the price paid for electricity,
the more e¤ective is this technology at reducing cost (@�(Pe)=@Pe < 0), even though
marginal cost is still increasing in Pe (0 < @Pe�(Pe)=@Pe < 1)2 . An example of such

a function would be �(Pe) = �
c�Pe
PM where � > 1 and PM is the maximum price the

electricity supplier can charge (i.e. monopolistic price).
Adoption and productivity cut-o¤
An individual �rm j will be willing to adopt this technology if the reduction in

marginal cost that drives pro�ts up compensates the extra �xed cost G, or if

��('j) = �(Pe�(Pe);'j)� �(Pe;'j) (11)

= �(1� �)Y [
'jH�

Pe
]��1[(�(Pe))

(1��) � 1]�G � 0

There is a cut-o¤ level of productivity '̂ for which a �rm is indi¤erent between
adopting or not, such that��('̂) = 0. The productivity of the marginal �rm adopting
the captive power can be obtained as a function of '� by noting that��('̂) = �('�) =
0:

'̂ = '�(
G

F
)

1
��1 [(�(Pe))

(1��) � 1]�
1

��1

Rearranging the second term, if
F +G

F
< (�(Pe))

(1��), the productivity of the

marginal adopter would be lower than the productivity of the marginal surviving

�rm, and all �rms in the market would adopt the generator. Using �(Pe) = �
c�Pe
PM , I

can obtain a threshold

P̂e = c+
log(1 + G

F
)

log �

PM
(� � 1)

2Since @Pe�(Pe)=@Pe = (@�=@Pe)Pe +� where @�=@Pe < 0 and � � 1
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such that if Pe > P̂e, all �rms will adopt the technology. Note that the threshold
is increasing in the cost of the generator (G) and decreasing on the e¤ectiveness of
the technology (�). The intuition is that adoption is pro�table when the cost of the
generator relative to �xed costs is lower than the extra pro�ts obtained for reducing
the marginal cost. If the generator was freely available, all �rms would adopt it even
when the price of electricity was at its lowest possible level, c. On the other hand,
when Pe = c, the technology does not reduce costs and no �rm �nds it pro�table to
pay a positive set-up cost. However, I assume that the most productive �rms �nd
adoption worthwhile for any small increase " above c, i.e. ��(�; c + ") > 0. At the
�rm level, it follows that for values P̂e > Pe > c, adoption is increasing in the price
of electricity or reductions in quality (@��=@Pe > 0), and for Pe > P̂e, all surviving
�rms adopt.
I next analyse how the presence of a generator plays out at the industry level when

some �rms adopt and other don�t. The uniform distribution of productivity provides

a simple way of measuring the proportion of �rms adopting (A), as A =
�� '̂
�� '� . Note

that �rms adopting the captive power generator (with weighted average productivity
~'a) will coexist with �rms relying exclusively on the network (with weighted average
productivity ~'n) and the aggregate price will be

Hg =M
1
1�� [(

Pe
�~'n

)1�� + (
�(Pe)Pe
�~'a

)1��]
1
1�� (12)

In this situation, a price change in the electricity supply will not a¤ect all �rms
symmetrically. As a matter of fact, �rms that have adopted the captive generator
will su¤er the price hike less and their marginal cost will increase less than �rms that
have not adopted the generator. The change in pro�ts for the marginal �rm '� will
depend on the sign of the change in the aggregate price relative to its own price,

namely the quotient
Hg

Pe
. By inspection of equation (12) it follows that

sign @(
Hg

Pe
)=@Pe = sign @(�(Pe))=@Pe < 0

The marginal consumer will not be able to remain in the market and will exit.
Whenever most productive �rms have an alternative to network provision of elec-
tricity, less productive �rms will be more vulnerable to changes in the input price
and may face market exit: the productivity threshold for survival will increase, i.e.
@'�(Pe)=@Pe > 0. The intuition is as follows: when the price of electricity increases
in the case with no captive generator it does so for all �rms. This means that the
marginal cost and the aggregate price move together and the marginal �rm will not
be a¤ected. When the cost-reducing technology is available more productive �rms
�nd it worthwhile to adopt, and increases in the electricity price are not matched
by an increase in the aggregate price. As a consequence, the marginal �rm makes
negative pro�ts and exits the market.
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On the other hand, whenever there is an increase in price Pe �rms in the adoption
margin (i.e. with productivity '̂) will now �nd it worthwhile to adopt unambiguously,
since the captive generator absorbs part of the increase in Pe. It follows that the cut-
o¤ productivity is decreasing in Pe, i.e. @'̂(Pe)=@Pe < 0. As a consequence, an
increase in the price of electricity will a¤ect the population and composition of �rms,
both by inducing the exit of �rms on the margin of survival and by inducing more
adoption of the marginal cost-reducing technology within the pool of surviving �rms,
i.e. @A=@Pe > 0.
Market equilibrium
The average productivity when some �rms adopt a captive generator can be ex-

pressed as

~'g = [~'n
��1 + (��1~'a)

��1]
1
��1 (13)

By replacing (13) in the pro�t function, the new average product can be expressed
as �(~'g) = �(~'n)+�(~'a), which is greater than �(~') for a given cut-o¤ productivity
level '�, since pro�ts for users of the captive generator are greater than the pro�t
they would have obtained had they not adopted. This would imply a ZPC shifted
up with respect to the case where the captive generator was not available. Note that
this holds even for the case when all �rms adopt. As the expression for FEC remains
the same, the new equilibrium will happen at a greater cut-o¤ productivity3.

2.3 Changes in the environment

Barriers to entry: open economy and entry fees
The equilibrium outcomes in terms of survival and adoption of captive power de-

pend on the economic environment that determine the parameter values in the model.
For example, when the economy is opened to foreign competition, the entry of new
�rms will a¤ect the aggregate price H and, subsequently, sales and pro�ts (see Fujita
et al. (1999)). This would a¤ect the Zero Cut-O¤ Pro�t Condition and market equi-
librium, since in a more competitive environment, the required productivity increases.
In a similar vein, the level of the entry fee, fe, determines the required probability
of success needed for �rms to attempt entry, and changes in its level correspond to
shifts in the Free Entry Condition curve.
To look at changes in H, assume the economy is open and transport costs are

modelled as �rms having to send � > 1 units to export 1 unit of output. For simplicity,
I concentrate on the e¤ect of new products entering the market on domestic �rms
(abstracting from their export decision, since I am interested in looking at the reaction
of domestic �rms to bad regulation in a more competitive environment). Foreign
�rms will be able to enter the market if they can meet the equilibrium cut-o¤ price

3This result is similar to Melitz (2003), but rather than it being exporting �rms pro�ts that push
the ZPC up, it is the availability of a cost-reducing technology which produces the increase in pro�ts
for a set of more productive �rms.
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of entry p('f ) =
�P fe
'f�

� Pe
'��

4. This will happen for very productive �rms or for

�rms coming from countries with cheaper or more reliable electricity provision (lower
P fe ). Whatever the case, the entry of new �rms will expand the set of varieties
available to consumers and, by increasing the mass of competing �rms M , a more
open environment will reduce the aggregate price H and the demand for all domestic
varieties.
It follows that trade barriers are associated with greater aggregate prices and

pro�ts for domestic �rms, while the productivity cut-o¤ level falls:

@�

@H
= (� � 1)�(1� �)Y [

'j�

Pe
]��1H��2 > 0; @'�=@H < 0

The productivity needed to cover the �xed costs and to survive is greater in an
open economy than in a protected economy, i.e. '�c < '�o. This replicates a result
obtained in the literature on trade liberalization (e.g., Melitz (2003)) where an open
environment forces �rms at the bottom of the productivity distribution out of the
market, raising the average productivity. Note that this would happen both when
the generator is not available and in the situation where all �rms adopt. This �nding
underlines the importance for domestic �rms of well-functioning input markets. In
such settings, the impact of foreign competition will depend mostly on the price of
electricity as follows: �rst, the relative e¢ ciency of the domestic country at producing
electricity, i.e. whether c � cf . Second, on the regulatory process that determines Pe
relative to P fe . It follows that if Pe = c = c

f , then only very productive foreign �rms
will be able to sell their varieties and the impact on marginal �rms in the domestic
markets might be lower.
In terms of adoption of the technology, the condition represented in equation

(11) shows that @��=@H > 0, implying that the marginal �rm in the adoption
decision has a greater productivity level in an open economy. This is explained by
the fact that as the economy opens, a �rm sells less units of output. If before, at
a given level of productivity and Pe, there was just enough to cover the �xed cost
of the generator, now �rms need to be more productive to make up for the lower
sales. Under the assumption of uniform productivity distribution, and considering
that the change in the adoption margin is greater than the change in the survival
margin, since j@'̂=@Hj = (@'�=@H) (G

F
)

1
��1 [(�(Pe))1�� � 1]�

1
��1 > j@'�=@Hj when

Pe < P̂e, it follows that the proportion of �rms adopting increases in more protected
environments, i.e. @A=@H > 0. This stems from the fact that adopting the technology
implies an extra �xed cost, meaning that adopting �rms have to be proportionally
more productive than non-adopting �rms to compensate for reductions in sales after
a fall in the aggregate price.

4�Pe
'��

, if all �rms adopt the generator

11



A similar point could be made regarding the entry fee, fe, �rms pay to participate
in the market. Larger fees shift the FEC to the left and equilibrium happens at a
lower '�, because �rms need a greater probability of survival to compensate for the
increase in fees. It follows that, using the same reasoning as with more protected
markets, the proportion of adopting �rms should increase, @A=@fe > 0.
Borrowing constraints
An additional concern is the existence of imperfections in the credit markets that

might induce borrowing constraints. As an illustration, assume a competitive �nancial
sector, i.e. where banks meet a zero-pro�t constraint. In the case where adopters
and non-adopters of the generator co-exist in the market, �rms seek a loan L to
buy the generator. Whenever a �rm�s productivity is observable and there are not
incentives to default for operating �rms5, the bank will charge a gross interest rate r
equal to the opportunity cost �. The �xed cost for the �rm will be G = Lr, de�ning
a productivity cut-o¤ for the adoption of the generator '̂ such that ��('̂) = 0 as
in equation (11). If banks cannot determine the productivity of a given �rm and
cannot recoup anything from a bad loan, their zero-pro�t condition requires that the
expected value of the loan equals the opportunity cost, i.e. p(' � '�)Lr = L� or
r = �=(1�D('�)) > �. In the presence of information or enforcement problems, loans
would be more expensive, which is equivalent to an increase in the �xed cost of the
generator G that raises the adoption productivity cut-o¤. In the presence of credit
market imperfections, more productive �rms will still �nd it worthwhile to adopt, but
�rms on the margin of adoption will remain in the market, but will not use a captive
generator, i.e. @A=@G < 0
Expenditure
Consumers derive their utility from consuming food and manufactures, and their

shares in total consumption are captured in the model by �. When consumers change
their preferences towards manufacturing goods (i.e. an increase in �), both the sur-
vival and the adoption margins are reduced. As the magnitude of the change is greater
for adopting �rms, then the ratio of adoption is greater, the greater the expenditure
on manufacturing goods, i.e. @A=@� > 0:

2.4 Upstream

This section of the model builds on La¤ont-Tirole (1993) and analyses how the reg-
ulator of the electricity sector determines Pe. I assume that the electricity market is
run by a state monopoly whose decisions are a¤ected by the political process. Fol-
lowing India�s example, the regulator can price discriminate between di¤erent types
of consumers�agricultural and industrial�and that the farmer�s lobby is such that an
agricultural electricity tari¤ is always set equal to the marginal cost. The regula-

5Assume, for example, that for operating �rms the probability of getting caught is equal to 1,
and that cheating �rms pay a hefty �ne. However, �rms not operating could "take the money and
run," even though that is not a problem with full information.
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tor is left with a Utilitarian Social Welfare function equal to the sum of industrial
consumers and producer utilities in the electricity market (V and U , respectively):

W = V + U (14)

Consumer surplus is weighted by a "sector-speci�c consumer bias" (� 2 [0; 1]) that
captures the relative lobbying power of industrial consumers. The monopolist�s utility
is simply the revenue from selling to both sectors, less a separable cost function. The
cost of producing a unit of electricity is C = cq+FM . Combining �rms�technological

use of electricity, e =
qt � l
'

, and equations (2) and (5), an individual demand for

electricity can be de�ned, as edj = �Y �
P��e

(�H'j)
1�� � l='j. This expression shows that

demand for electricity will depend on the level of productivity. Additionally, demand
price elasticity of electricity is greater than 1.
The regulator can use transfers to expand the set of possible outcomes by taxing

consumers and compensating the monopolist for low levels of prices that do not
meet the participation constraint, namely U � 0. When such transfers are allowed,
consumers are liable to be taxed in order to fund the transfer. I assume linear
pricing and de�ne S(Pe;') as the net surplus obtained by an industrial consumer
with productivity ', where the surplus is 0 for the cut-o¤ level of productivity '�,
i.e. S(Pe;'�) = 0. Equation (15) de�nes the consumer surplus

V = �

Z �

'�
S(Pe;')g(')d'� (1 + 
)~t (15)

where ~t is the gross transfer (~t � 0) and 
 the cost of transferring public funds. The
monopolist�s utility is U = ~t + (Pe � c)

R
'
e(Pe;')g(')d' � FM . By replacing ~t in

(15), adding up U , and replacing in (14), social welfare is:

W = �

Z �

'�
S(Pe;')g(')d'+ (16)

(1 + 
)[(Pe�c)

Z �

'�
e(Pe;')g(')d'� FM ]� 
U

The regulator chooses the price that maximizes (16) subject to the monopolist�s
participation constraint, U � 0. As the transfer of funds to the monopolist is socially
costly, the utility of the monopolist will be kept at U = 0. The regulator also considers
that the price set might a¤ect the cut-o¤productivity, i.e. '� can be written as '�(Pe).
The �rst order condition is
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��
Z �

'�
e(Pe;')g(')d'+ (1 + 
)

Z �

'�
e(Pe;')g(')d' (17)

+(1 + 
)(Pe�c)[

Z �

'�

@e

@Pe
(Pe;')g(')d'� e(Pe;'�)g('�)

@'�

@Pe
]

= 0

By de�ning E(Pe;'�) =
R �
'� e(Pe;')g(')d', the price elasticity of demand for a

given cut-o¤ level of productivity '� as �d
6, and the price elasticity of participation

�p =
@'�

@Pe

Pe
'�
, the Lerner index becomes

Pe � c
Pe

=
1 + 
 � �

(1 + 
)[�d +
e(Pe;'

�)g('�)

E(Pe;'�)
'��P ]

(18)

Condition (18) is a general expression for the Lerner index for cases with anti-
consumer bias, consumer heterogeneity and transfer costs. When setting prices with
consumer heterogeneity, the regulator has to include in the maximization programme
the fact that price changes result in shifts for the marginal consumer; speci�cally
by adding to the price elasticity of the demand (�d), the sensitivity of the frontier
(�P ) weighted by marginal consumer�s relative importance in aggregate demand. In
the absence of these three features, the price chosen by the regulator will be equal
to marginal cost. Deviations from marginal cost pricing come from low levels of �
(i.e. industries�well-being in the electricity market does not enter fully in regulator�s
objective function), or from high levels of 
 (i.e. as the cost of government transfers
increases, it becomes optimal to recoup provision costs by charging electricity users
more). As previously shown, in a closed economy the productivity of the marginal

consumer is independent of the price of electricity (
@'�

@Pe
= 0). From (18), it follows

that the regulator would set Pe =
c�d

�d � 1 + �
1+


. There are two extreme cases: when

the well being of consumers does not enter regulator�s objective function (� = 0),
or when transfers are extremely expensive (
 ! 1) such that the regulator sets
the monopolist price, either because it would be simply maximizing the monopolist�s
pro�ts or because avoiding costly transfers implies choosing the highest possible price.
Firms, industries and regulation
This result links to the �rm and industry analysis in a very simple way: the para-

meters that determine the price level of electricity, namely c, 
 and �, will determine
whether a �rm adopts, as well as the composition of survival and adoption at the

6Where �d = �Pe
R1
'�

@e

@Pe
(Pe;')g(')d')=

R1
'�
e(Pe;')g(')d'
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industry level. Everything else equal, the proportion of �rms adopting will be greater
in places where the monopolist is less e¢ cient at producing electricity (@A=@c > 0)
or the government is less e¢ cient at taxing and redistributing (@A=@
 > 0) or where
the regulator sets prices with less regard for the well-being of industrial producers
(@A=@� < 0). The introduction of the latter constitutes the most important mech-
anism in linking the political economy of regulation and industry outcomes. This
relationship is explored further below, when applied to the Indian experience.
Quality
The discussion of prices could be extended to consider quality issues as well. In

its simplest interpretation, and following the La¤ont-Tirole framework (2003, see
Section 2.5, Chapter 2), the results obtained above would remain the same when
price and quality are perfect substitutes for consumers and the electricity producer.
I could rede�ne Pe as the quality adjusted price such that Pe = pe � s, where pe
is the actual tari¤ and s is quality (normalized to 0 for a standard service) and
c = ct + s, where ct is the technological marginal cost. In that sense, predictions
related to increases in the price of electricity and reductions in its quality should be
the same. If quality is not veri�able, it provides the regulator with more freedom
to set her preferred policies. For example, if the regulator has a big anti-industry
bias (� = 0) and no transfer costs in a closed economy, then the optimal price for

the regulator would be the monopolistic price PMe =
c�d
�d � 1

. If additional constraints

arise, such as a price cap �pe from the central government (or pressures for a maximum
price from industrial producers, for example), the regulator would have to maximise
W = (pe � ct + s)Q(pe � s;'�) subject to pe � �pe. By setting negative (i.e. below
standard) quality s = �pe�PMe , the regulator can avoid complying with the price cap
and behave as if unconstrained.

2.5 Predictions in the Indian context

Electricity prices
The model predicts that regulatory outcomes are linked to industrial outcomes

by means of the determinants of Pe. To test this in the context of Indian provi-
sion of electricity, it is important to understand the institutional framework. The
Electricity Supply Act in 1948 created agencies like the Central Electricity Author-
ity (CEA), in charge of formulating national policies and assessing the technical and
economic viability of power projects, and the State Electricity Boards (SEB), whose
board members are appointed by the state government (Chapter III, 5.2). The SEBs
are fully vertically integrated, owning the four segments of the industry�generation,
transmission, distribution and commercialization�and set their own pricing and in-
vestment policies.
In terms of linking the electricity tari¤s to the government�s anti-industry bias (�)

and ine¢ ciency (
), sectorial analysis for Indian SEBs deemed the energy provision
as "more of a social service than a business. Prices do not re�ect costs and state
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institutions are dependent on allocations from the public budget" (TERI (1999)).
Also, "the SEBs became bastions of political patronage rather than true business
enterprises (...) Reformers faced political opposition from farmers, who had come
to rely on enormous quantities of low-cost electricity for pumping water" (Tongia
(2003)). Overall, subsidies to farmers and domestic consumers by states via the
electricity provision have been estimated to be in the order of 1 to 1.5% of India�s
GDP (World Bank (2000)). In all circumstances described by the previous model(e.g.
availability of a generator, open economy, borrowing constraints), other than a closed
economy, an increase in the price of electricity would induce the exit of �rms at the
margin (�P > 0). The loss of consumers would reduce the monopolist�s revenue
regardless of the weight assigned to industrial consumers and would reduce the price
set by the regulator. In all cases, states with more anti-industry bias and with less
e¢ cient governments should show higher electricity prices. Unfortunately, there is
not enough information to test whether prices set by SEBs are sensitive to changes
in the cut-o¤ level for �rms�survival.
The model predicts that cross-subsidization should be more prevalent in states

with a stronger rural lobby. In particular, the measure of rural lobby I use re�ects
the adoption of high yield varieties (HYV) after the start of the Green Revolution.
HYV seeds are known to be high-cost/high-yield because they multiply agricultural
productivity if timely irrigation, among other inputs, is provided. The cheapest way
for farmers to secure water is by means of electric pumpsets that suction water from
the water table via tubewells. The importance of food production for reducing the
possibility of famines gives farmers, in particular larger and richer ones, the upper
hand. Dhanagare (1989) estimates that "the prosperity unleashed by the Green
Revolution was distributed di¤erentially, putting the small and marginal farmers at
a relative disadvantage. The high cost/high yield technology called for capital in-
vestments beyond the means of a majority of small and marginal farmers." With a
stronger economic position, rural rich farmers also developed political leverage that
was translated into further subsidies. In particular, Gulati and Narayanan (2003)
show how what they call "the subsidy syndrome in Indian agriculture" after the
introduction of the new seeds in late 60s, became a fundamental instrument of eco-
nomic policy that was mainly channelled through available and a¤ordable fertilizers,
irrigation and electricity. Dhanagare also points out that "only the needs of rich
farmers were catered by the electricity boards," since while the unit price was heavily
subsidized, connection charges were so expensive that only rich farmers could a¤ord
them. For example, in the case of Punjab, the state at the forefront of HYV adoption,
Simms (1988) describes a situation in which "farmers are aware of the power they
hold due to their strategic importance in the national economy (...) Political action
has led to extensive changes in rural Indian Punjab." Describing a rally organized by
one organization of farmers, Simms points out that "the state government was thrown
o¤ balance by their show of force and conceded many of their demands." This de-
scription of the Indian context combined with the upstream section of the model laid
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out earlier suggests that the power of rural lobbies and government�s e¢ ciency should
be linked to the pricing strategy of the regulator, i.e. states with more adoption of
HYV seeds and more budget de�cits charge a higher price to industrial consumers of
electricity (Prediction 1).
Adoption: individual characteristics
Poor regulatory decisions resulting in excessive prices or reduced quality neces-

sarily increase the costs of industrial production and a¤ect the competitiveness of
�rms, ultimately distorting their choice of technology or industry. As a consequence,
�rms set up their own electricity generator to hedge against power failures or voltage
�uctuations to ensure the adequate quality or to reduce costs. This practice has in-
creased over the years in India. As mentioned earlier, Biswas et al. (2004) point out
that some industries like metal producers rely critically on the provision of energy
and electricity is often a sizeable part of their total production cost. To ensure the
quality of the provision and to remain competitive in the market, �rms tend to install
captive power plants. The installed captive capacity varies considerably across states
and industries. An infrastructure report produced by Price Waterhouse Coopers for
the government of Chhattisgarh shows that in 1998, the average captive capacity
was around 17%, with signi�cant variation. In some states�like Karnataka (30.5%)
and Haryana (38%)�captive power is signi�cant while in others�like Jammu & Kash-
mir and Himachal Pradesh��rms use exclusively SEB�s electricity. Industry-wise,
there is considerable variation as well, with industries like electronics producers using
self-provision of energy just up to a 0.5% of total captive generation capacity, while
engineering or metals and minerals industries surpass 20%.
The model predicts adoption of the captive generator according to a set of para-

meters that varies across �rms. For example, as noted earlier, the electricity price Pe
could be understood as a quality-adjusted tari¤. In that case, some characteristics
of the �rms, such as their location (urban vs. rural), might be correlated with the
quality of supply received and have an impact on their decision to adopt a generator.
Additionally, measures that could be capturing an idiosyncratic productivity (') or
access to �nance (G)�such as whether a �rm is public or multiproduct�should also be
positively correlated with adoption. The model also predicts that if adopting �rms
coexist with non-adopting �rms, measures of output and size (e.g., workers) should
be greater for adopting �rms. It follows that �rm characteristics, including exposure
to lower quality of electricity, greater productivity, access to credit and size are all
correlated with more adoption of captive power (Prediction 2).
Adoption: state characteristics
As previously mentioned, regulatory outcomes vary only at the state level. As

the model predicts that adoption of captive power increases with the price of elec-
tricity and decreases with quality, in-house generation of electricity should be more
prevalent in states where industries are charged relatively more for electricity and
where the quality of provision is poorer. Additionally, the model identi�es variables
that drive pricing policies. In particular, the lobbying power of farmers and govern-
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ment�s ine¢ ciency should be positively correlated with adoption. Finally, I use data
on urbanization rates to proxy for the share of consumption in manufacturing goods
( represented by � in the model) and test whether it is positively correlated with
adoption. The incidence of adoption of captive power should be greater in states
where the SEB charges higher electricity tari¤s to industrial consumers or provides
lower quality. Adoption should also be positively correlated with farmers�lobbying
power and measures of government and SEB ine¢ ciency (Prediction 3).
Adoption: industry characteristics
The impact of the regulatory context for the adoption decision in Indian industries

can also be captured by some features of the model. In particular, adoption should
be greater in sectors more protected from international competition via trade tari¤s.
This comes from the �nding that in industries where some �rms adopt and others
do not, the margin for adopting �rms is more sensitive to changes than the margin
for surviving �rms. Even though India considerably reduced its trade tari¤s in 1991,
there is signi�cant variation in tari¤ levels across industries both before and after
the reforms. Another widespread industrial policy in India after independence was
the establishment of a licensing scheme that was dismantled progressively from 1985
onwards7. The license system can be understood in the framework of this model as
the entry fee fe �rms have to pay before knowing whether they will survive or not.
As with tari¤s, greater fees should be correlated with a greater proportion of �rms
adopting the power generator. In short, the fourth prediction is that the incidence
of adoption of captive power should be greater in industries that are protected by
greater trade tari¤s and subject to licenses (Prediction 4).
Productivity
The prediction regarding productivity is in line with the trade literature where

protection allows for the survival of less productive �rms. This paper also links
productivity with the adoption of an in-house generator of electricity. In particular,
�rms which adopt are expected to be more productive and bigger, on average. The
model also predicts that the margin of survival and adoption will be lower for more
protected sectors. Industrial sectors that are more protected (whether by trade tari¤s
or licensing) should also produce less and be less productive, on average. Additionally,
within an industry, the average productivity and output should be greater for �rms
adopting the captive generator (Prediction 5).

3 Data and Descriptive Statistics

To test the predictions laid out above, I use data on the adoption of captive power
generators at the factory level. Tests on the e¤ect of regulatory outcomes are done
at the state level, while measures of openness vary at the industry level.
Factories: The dataset is a repeated cross-section of factories for the years 1990,
7For a information on the delicensing process and its e¤ects, see Aghion et al. (2007)
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1994 and 1997 collected by the Annual Survey of Industries, Department of Statistics,
Government of India. The basic sample consists of more than 145,000 observations,
but is lower when combined with state or industry measures. Since the sample in-
cludes �rms in the "census sector" (i.e. with more than 100 workers) and �rms that
are sampled (the sampling design adopts 3-digit-industry groups per state as stratum
and covers all the units in a span of three years), all regressions weigh units of obser-
vation accordingly. Table 1 provides some summary statistics, where it can be seen
that around 1 in 3 �rms have a captive generator of electricity. Some factory char-
acteristics capture features of the model. For example, location (around 30% rural
�rms, 58% urban and the rest, in one of the metropolitan areas, i.e. cities with more
than 1 million people as de�ned by the 1991 Indian census) might reveal information
about the quality of the electricity that �rms are exposed to (e.g. blackouts, pilfer-
age, technical losses, power surges). Other characteristics might reveal idiosyncratic
productivity, such as whether the factory produces more than one good (61.8% do)
or size (25% are in the census sector). Finally, credit constraints might be captured
by whether the �rm has access to credit (a large number of �rms�74%�have access
to some kind of credit). Moreover, if �rms are public (around 14% are), we should
expect them to access formal (i.e. cheaper) sources of funds.
States: The variables capturing State Electricity Boards�regulatory outcomes

include data on prices such as tari¤s charged to industries and agricultural users, av-
erage tari¤s (the sum of prices paid by industries, farmers, households and commercial
users, weighted by their share in total sales). Quality measures include transmission
and distribution losses (as a percentage of total electricity traded) and outages in
thermal plants. Table 1 shows signi�cant variation in both measures. Other relevant
information related to SEBs e¢ ciency is captured by variables such as a measure of
network extension (i.e. the number of consumers connected to the electricity net-
work), unit cost of electricity production, quantity of employees per Kwh produced
and subsidies received from the central government. Other state-level variables, aimed
at capturing the relative power of farming lobbies (�), government e¢ ciency (
) and
consumers�preference for manufacturing goods (�) are proxied by the incidence of the
Green Revolution (the proportion of cultivated land cropped with HYV seeds), state
governments�budget de�cits and the proportion of urban population, respectively.
Industries: India-wide industrial policies are captured by measures of trade

tari¤s at the 3-digit industry level and by a dummy at the 4-digit industry level
equal to one if �rms require a license to enter that industry. The reduction process
of barriers to entry for foreign products and new domestic producers started slowly
in 1985 and accelerated after 1991. However, the process a¤ected di¤erent industries
at di¤erent points in time and in di¤erent degrees (in particular, in terms of trade
tari¤s reduction). Table 1 shows that factories were exposed to di¤erent degrees of
protection. For example, around 76% of the �rms in the sample were subject to a
licensing process in 1990 while in 1994 and 1997, it was only around 37%. The mean
imports tari¤ also dropped considerably, from around 1.3 in 1990 to 0.89 in 1994 and
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0.47 in 1997.

4 Results

Pricing
The model predicts (Prediction 1) that in states where the anti-industry bias is

stronger, the price for industrial consumers will be higher. The anecdotal evidence
points to regulators having a pro-farmer bias and an anti-industry bias across the
board in Indian states. However, the intensity of that bias could be associated with
farmers�need for electricity. A measure of this can be obtained by looking at the
adoption of an agricultural technology that is intensive in electricity. In particular, the
use of high yield variety (HYV) seeds that were introduced with the Green Revolution
required timely irrigation and electric pumpsets were the cheapest way of accessing
groundwater.
Table 2 compares measures of relative prices and quality for states where HYV

seed adoption was above the median 8, and the rest of the states. The �rst measure
is the ratio between average tari¤ and unit cost, available from 1974 to 1997. Even
though all SEBs struggled in that period to recoup their production costs, states
intensive in HYV had a signi�cantly lower proportion of their costs covered by sales
revenue. All other measures are only available for the period 1990-1997, and show
that states intensive in HYV charged higher tari¤s for industrial producers, relative
to the average tari¤ or the unit cost. Additionally, the tari¤ charged to farmers
was much lower for both groups, relative to the average tari¤ or the industrial tari¤
respectively, but both ratios are signi�cantly lower for states intensive in HYV. Table
2 suggests that states where farmers relied more on electricity tended to set pro-
farmer pricing schemes in the electricity sector, and that industrial users tended to be
charged more. However, measures of quality, such as thermal outages or transmission
and distribution losses were similar, on average, for both groups of states.
To test whether this pricing policy started right at the beginning of the Green

Revolution, I use data on the ratio of tari¤s charged to industrial users of electricity
over the tari¤ charged to farmers and a continuous measure of the proportion of land
under HYV seeds for three years in the 70s (1973-1975). Column (1) in Table 3 shows
that industries were charged relatively more, the greater the proportion of HYV seeds,
even when controlling for other time varying state variables such as population, gov-
ernments�real development expenditure and the party of the state Chief Minister.
The model also predicts that electricity tari¤s will be a¤ected by governments�ef-
�ciency at transferring resources The intuition is that as governments become less
e¢ cient, the cost of transfers increases and the regulator has to rely on higher prices

8High HYV states are Andhra Pradesh, Bihar, Haryana, Kerala, Punjab, Tamil Nadu and Uttar
Pradesh. These states were above the median of adoption both in 1974 (at least 27%) and in 1984
(at least 41%).
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to recoup costs. Column (2) shows that states with higher budget de�cits tended to
charge higher prices to industrial producers, keeping HYV adoption �xed. One con-
cern is that of reverse causality: i.e. because some states provided cheaper electricity,
then HYV adoption follows. To mitigate this concern, in Column (3) I instrument
HYV adoption with the proportion of districts with abundant groundwater, a ge-
ographical characteristic associated to the successful adoption of HYV (as in Rud
(2009)), and �nd that results hold. Columns (4) to (6) use 11-year information for
15 states on average electricity tari¤ relative to average cost. Results show a similar
pattern: states intensive in HYV seeds and with larger budget de�cits tended to have
less sustainable pricing policies. That suggests that even if industries were carry-
ing the burden of pro-farmer pricing, SEBs had a harder time recouping electricity
production costs. Column (6) uses the same instrument as in column (3), this time
interacted with year dummies to capture divergence in HYV adoption across states.
Overall, the data shows that Indian industries faced steeper prices in states with more
powerful farming sectors and less e¢ cient governments.
Adoption
The adoption of a captive generator in the model is driven by characteristics that

can vary at the �rm, industry and state level. In particular, the model predicts
(Prediction 2) that factory characteristics that capture exposure to low quality of
electricity, more access to credit and greater size and productivity are all associated
with greater adoption of a generator. To look at �rm level characteristics that capture
each of these phenomena and see whether they are correlated with adoption, I run a
linear probability model of the form

Afisy = �isy + �Xf + "fisy

where A = 1 if factory f in industry i in state s in year y generates in-house some
of the electricity it needs to produce and 0 otherwise. Individual characteristics are
captured by Xf and state-industry-year �xed e¤ects are captured by �. This means
that the variation comes from �rms producing in the same 3-digit NIC industry
located in the same state and producing at a given point in time.
Anecdotal evidence shows that the supply of electricity in rural areas tends to be

subject to more blackouts, power surges and erratic tension. Urban and metropolitan
areas tend to su¤er this problem less, in particular cities. This means that I should
expect factories in rural areas to adopt more generators than those in urban and
metropolitan areas. Column (1) in Table 4 shows that a rural �rm is around 6%
more likely to use a generator. Column (2) also includes a dummy for urban �rms
and shows that both rural and urban factories are respectively 11% and 6% more
likely to own a generator than �rms in metropolitan areas (de�ned as cities with a
population of 1 million people or more).
The ownership structure of a �rm can provide information on both its productivity

and its access to external �nance at a relatively cheap cost. Column (3) shows
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that factories belonging to a public company are around 24% more likely to adopt
generators than �rms that are privately (whether by individuals or societies) or state-
owned. Another characteristic that might be linked to productivity is whether a
factory produces many products or just one. Column (4) shows that the probability
of owning a generator is around 9% greater for multiproduct factories. As predicted
in the model, more productive �rms tend to produce more. More productive �rms,
according to the model, should also be larger. To tell apart large and small �rms, I
use a dummy variable equal to 1 for factories that employ more than 100 employees
(and are included in the census sector). Column (5) shows that the probability of
owning a generator is 14% greater for those �rms. The coe¢ cient on public companies
has dropped, suggesting that it was previously capturing some of the size e¤ect, since
around 60% of public �rms are also in the census sector. Another measure of access
to credit is also associated with more adoption of captive power. Column (6) shows
that factories that have outstanding loans are 7% more likely to produce some of
their consumed electricity. Finally, Column (7) shows that the larger the number of
workers, the larger the rate of adoption even when controlling for whether a �rm is in
the census sector or not. In short, as predicted by the model, adoption of a captive
generator of electricity is more likely for �rms whose characteristics are associated
with more exposure to lower electricity quality, greater productivity, larger size and
access to credit.
An important feature of the model is the link between the upstream regulatory

process and downstream behaviour, as reported by Prediction 3. The model predicts
that a �rm�s decision to set up a captive power generator is positive in electricity prices
and negative in quality. Table 5 presents results of the impact of State Electricity
Boards�regulatory outcomes on the adoption decision, controlling for industry-year
�xed e¤ects and for all individual characteristics examined in Table 3. Column (1)
shows that states that charge industries relatively more than other electricity con-
sumers observe signi�cantly greater levels of adoption. In terms of magnitudes, a
standard deviation increase in the tari¤ charged to industries is associated with an
increase in the probability of adoption of 4 percentage points. Column (2) �nds a
similar result using a measure of anti-industry bias relative to agricultural and domes-
tic consumers only. Column (3) includes a measure of the average quality provided
by the SEB, namely Transmission and Distribution losses as a proportion of total
electricity sent into the network. The coe¢ cient is positive and signi�cant, meaning
that a worse-performing electricity network is associated with more factories turning
to self-provision of at least some of their electricity. Note that the coe¢ cient on pric-
ing remains similar, meaning that lower quality is not necessarily working through
prices. Also note that among individual characteristics, there is a signi�cant drop in
the coe¢ cients associated with rural and urban dummies only. When SEB quality
provision is controlled for, the di¤erence in adoption between metropolitan areas and
rural and urban areas is smaller, suggesting that location was indeed picking up ex-
posure to lower quality (unreported). Overall, the magnitude is also signi�cant: an
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increase of one standard deviation in the measure of transmission and distribution
losses is associated with additional 8 percentage points in the probability of adop-
tion. Column (4) uses a more restrictive measure of quality (percentage of outages in
thermal plants only) and again obtains a positive correlation between lower quality
and adoption. Column (5) includes a measure of network extension that might be
driving the ability to price or to provide good quality. More electricity connections
per capita are negatively correlated with the adoption of captive power. The coe¢ -
cient on prices is slightly larger and the coe¢ cient on transmission and distribution
losses drops slightly, and both remain strongly signi�cant.
Column (6) includes the percentage of HYV adoption, which proxies for the anti-

industry bias parameter in the regulator�s objective function. Its coe¢ cient is strong
and positively correlated to adoption. The channel linking HYV to adoption of captive
power through the electricity price seems to be at work since the coe¢ cient on the
electricity tari¤ charged to industries drops by almost 50% in column (6) with respect
to column (5). With the thought that areas with a greater urban population might
consume more manufacture�in turn a¤ecting the margins for adoption and survival�
Column (7) includes a measure of urban population at the state level and �nds, as
predicted by the model, that adoption increases with urbanization. The last column
in Table 5 includes some measures of government and SEB e¢ ciency that should
a¤ect adoption through price, according to the model. All variables remain signi�cant
and similar in magnitude, except the electricity tari¤ for industries, which drops in
both. Factories in states with a greater budget de�cit and with SEBs that require
more subsidies from the state government tend to adopt generators more. Firms in
states with larger electricity unit costs tend to adopt less, suggesting that is not the
productive e¢ ciency of the SEB that drives the results, but its anti-industry bias.
In the next set of regressions in Tables 6 and 7, I include an interaction between

regulatory outcomes and �rms characteristics, controlling for 3-digit industry-year
�xed e¤ects. If the predictions of the model are correct, then �rms should react to
bad regulatory outcomes when they are able to do so. Additionally, interactions can
be used to identify who is most a¤ected by regulatory outcomes. Table 6 looks at
the two measures of pricing, namely the ratio between industrial and average tari¤s
and the burden on industries relative to the agricultural and domestic consumers.
Columns (1) and (2) interact these measures with the dummies for urban and rural
location. In both cases, the positive coe¢ cients on the interaction terms suggest
that adoption is more likely in rural and urban areas than in metropolitan factories,
but only if the price is greater for industries. The negative coe¢ cients on the rural
and urban dummies suggest that if SEBs�pricing policy is not biased against them,
then there is less adoption in those regions than in metropolitan areas, if any at
all. Additionally, the negative and signi�cant coe¢ cients on the measure of pricing
suggests that the larger the price, the lower the adoption in metropolitan areas.
That suggests that pricing policies seem to in�uence the adoption decision only in
non-metropolitan areas.
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All interactions with other individual characteristics are not signi�cant for the
ratio of industrial tari¤ over average tari¤ (see, for example, Column (3)). However,
in the remaining regressions shown in Columns (4) to (6), the interaction of individual
characteristics with the measure of relative burden on industries vis-a-vis the domestic
and agricultural sectors is positive and signi�cant. Larger �rms, multiproduct �rms
and �rms with access to credit seem to be adopting more, the worse the anti-industry
bias. This result suggests that factories� indicators of productivity and access to
credit allow �rms to react to bad regulatory outcomes, in line with Predictions 2 and
3. Note that as the generator take-up among public �rms and census sector �rms is
very high (above 50%), there is not enough variation to obtain a signi�cant coe¢ cient
in the interactions.
Table 7 looks at �rms� characteristics interacted with measures of quality, i.e.

transmission and distribution losses and outages in thermal plants. Columns (1) and
(2) look at interactions with urban and rural dummies. With both measures of quality
a similar pattern emerges: quality seems to matter more for metropolitan �rms, since
the coe¢ cients on the quality measures are positive and signi�cant. And even though
rural and urban �rms tend to adopt more captive generators, they adopt slightly less
in areas with lower quality. As in Table 6, Columns (3) to (5) show that larger �rms,
multiproduct �rms and those with access to credit tend to adopt more when the
quality provided is lower, suggesting again that productivity and credit help �rms
deal with bad regulatory outcomes. Two patterns emerge from the last two tables:
�rst, metropolitan �rms react more to quality in the electricity supply and urban and
rural �rms react more to prices. Second, as predicted by the model, productivity,
size and access to credit are positively correlated with adoption, especially when
regulatory outcomes are more unfavourable.
To test Prediction 4�i.e. adoption increases with protection�I look at how the

competitive environment a¤ects the adoption decision by using a measure of whether
the sector (at the 4-digit industry level) is licensed or not, and the average trade
tari¤ (measured at the 3-digit industry level). In all cases, 2-digit industry-state-
year �xed e¤ects are included and all individual characteristics are controlled for.
As predicted by the model, Column (1) and (2) in Table 8 show that adoption is
more likely in more protected environments. The �rst column shows that �rms in
licensed sectors are 9% more likely to adopt. The coe¢ cient drops to 7% when the
trade tari¤ is included in the second column, but both measures are positive and
signi�cant. Column (3) controls for a measure of technological needs of electricity
(at the 3-digit industry level), to check that results in previous columns are not
capturing a correlation between protection and technology. The coe¢ cient is positive
and signi�cant but barely a¤ects the coe¢ cients on license and tari¤s. Columns (4)
and (5) include some interactions with factory characteristics. Column (4) shows that
the licensing scheme only a¤ects non-metropolitan �rms�decision to adopt. Rural
and urban �rms in non-licensed sectors are more likely to produce captive power
than their metropolitan counterparts, but the probability is signi�cantly higher in
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licensed industries. Column (5) �nds that larger �rms tend to adopt more in licensed
industries. As predicted by the model, for a given characteristic such as size, adoption
increases with protection.
To see how protection interacts with regulatory outcomes, I split the sample be-

tween licensed and delicensed sectors and run the linear probability model of adoption
on price and quality measures, controlling for 3 digit industry-year �xed e¤ects and
individual characteristics. Table 9 shows that the e¤ect of higher electricity prices
and lower quality are very similar in magnitude and the statistical signi�cance for
both licensed and unlicensed industries.
Production and Productivity
The model predicts that average output and productivity of observed �rms should

be lower in more protected environments (Prediction 5). Column (1) in Table 10
shows that the log of real output is lower, on average, for �rms in licensed sectors and
in industries with greater trade tari¤s, controlling for �rms�characteristics. Column
(2) isolates a rough measure of total factor productivity by controlling for the log of
skilled and unskilled workers, the log of real �xed capital and the log of real materials
consumed. Firms in licensed sectors tend to be less productive, even though the result
loses signi�cance for the measure of trade protection. Columns (3) and (4) include a
dummy equal to 1 if the �rm has a captive generator. The prediction of the model
that �rms which adopt are on average larger and more productive also holds. In
Columns (5) and (6), I split the sample between �rms with captive power and �rms
without and �nd that for both sets of �rms, productivity tend to be lower in sectors
that are licensed. The model also predicts that the average product and productivity
of adopting �rms should be greater in sectors that are more open to the entry of new
�rms. To test this idea, I split the sample between �rms in licensed and unlicensed
sectors. Columns (7) and (8) show that output is greater for adopters in both sectors.
However, the di¤erence between adopters and not adopters is signi�cantly higher in
unlicensed sectors. Columns (9) and (10) look at the e¤ect on residual productivity
and show that factories that have captive power are signi�cantly more productive
than non-adopting �rms, but only in delicensed industries. This result suggests that
protection reduces average productivity for adopters, as predicted by the model.

5 Conclusion

Developing countries aiming at increasing their industrial base have often disregarded
the importance of infrastructure provision. By analysing how the regulation of a
monopolistic supplier of a fundamental input in production a¤ects producers of man-
ufactures, this paper explores a speci�c mechanism that explains how �rms react to
the inadequate provision of infrastructure. This paper shows that only �rms with
high productivity and access to credit can actually reduce the negative e¤ects of ex-
pensive and erratic electricity, by adopting a captive power generator. The Indian
data also suggests a heterogeneous impact of regulation according to location. Firms
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in metropolitan areas appear to be more sensitive to quality while �rms in rural and
urban areas react more to prices and protection. On average, �rms �nd it easier to
cope in more protected environments�e.g. ones with high trade tari¤ and entry fees�
where less competition raises their pro�ts and makes the outside option a¤ordable.
Otherwise, in a more competitive environment, �rms that could have survived with
cheaper and better inputs will exit the market, while �rms that were better prepared
to cope with provision failure by adopting a captive generator will not be able to af-
ford it any more. It follows that countries undergoing a process of opening to foreign
competition and deregulation should pay particular attention to the negative impact
of low quality and biased pricing policies in the provision of infrastructure goods and
to the distributional e¤ects that follow.
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(1) (2) (3) (4) (5) (6)

Ind. Tariff / Avg. Tariff (IT/AT) ­0.062 0.075
(0.03)** (0.02)***

Relative Burden on Industries (RBI) ­0.67 0.11 0.14 0.14
(0.11)*** (0.02)*** (0.01)*** (0.02)***

T&D Losses 0.016 0.10 0.017 0.10 0.10 0.10
(0.002)*** (0.001)*** (0.002)*** (0.001)*** (0.001)*** (0.001)***

Rural ­0.14 ­1.27 0.12 0.12 0.12 0.12
(0.05) (0.18)*** (0.01)*** (0.01)*** (0.01)*** (0.01)***

IT/AT * Rural 0.16
(0.03)***

RBI  * Rural 0.82
(0.11)***

Urban ­0.19 ­1.35 0.09 0.09 0.09 0.09
(0.05)*** (0.18)*** (0.01)*** (0.01)*** (0.01)*** (0.01)***

IT/AT * Urban 0.17
(0.03)***

RBI * Urban 0.85
(0.11)***

Log Workers 0.07 0.07 0.06 0.04 0.07 0.07
(0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)***

IT/AT * Log Workers 0.01
(0.01)

RBI * Log Workers 0.015
(0.006)**

Multiproduct 0.05 0.04 0.05 0.04 ­0.04 0.04
(0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.03) (0.01)***

RBI * Multiproduct 0.04
(0.01)***

Access to Credit 0.06 0.04 0.05 0.04 0.04 ­0.02
(0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.03)

RBI* Access to Credit 0.03
(0.015)**

Public Company 0.13 0.14 0.14 0.14 0.14 0.14
(0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)***

Census Sector 0.06 0.07 0.07 0.07 0.07 0.07
(0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)***

Observations 133186 133186 133186 133186 133186 133186

R­squared 0.26 0.26 0.24 0.26 0.26 0.26
Robust standard errors in parentheses, clustered at the state­industry level. * significant at 10%; **  at 5%; *** at 1%. The regressions are a linear probability model where the dependent

variable "Adoption" is equal to 1 if the firms produces some of the electricity used in production and includes 3­digit industry * year fixed effects. All tariffs and unit costs are in Paise (cents

of rupee) per KWh. "Relative Burden on Industries" is percentage sales revenue to  percentage sales for industries relative to agriculture and domestic sectors only. "T&D Losses" are

Transmission and Distribution losses as a % of total electricity traded.

Adoption of Captive Generator

Table 6: Interactions Between SEB Pricing Policies and Firm Characteristics
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(1) (2) (3) (4) (5)

Ind. Tariff / Avg. Tariff 0.11 0.13 0.09 0.09 0.09
(0.01)*** (0.02)*** (0.01)*** (0.01)*** (0.01)***

T&D Losses 0.05 0.01 0.01 0.01
(0.002)*** (0.003)*** (0.001)*** (0.001)***

Outages 0.03
(0.002)***

Rural 0.79 0.37 0.12 0.12 0.12
(0.06)*** (0.03)*** (0.01)*** (0.01)*** (0.01)***

T&DL * Rural ­0.04
(0.003)*** ­0.02

Outages * Rural (0.001)***

Urban 0.69 0.31 0.09 0.09 0.09
(0.06)*** (0.03)*** (0.01)*** (0.01)*** (0.01)***

T&DL * Urban ­0.034
(0.002)***

Outage * Urban ­0.014
(0.002)***

Log Workers 0.07 0.07 0.03 0.07 0.07
(0.01)*** (0.01)*** (0.02)* (0.01)*** (0.01)***

T&DL * Log Workers 0.002
(0.0001)**

Multiproduct 0.05 0.04 0.04 ­0.05 0.04
(0.01)*** (0.01)*** (0.01)*** (0.04) (0.01)***

T&D L * Multiproduct 0.004
(0.001)***

Access to credit 0.05 0.05 0.05 0.04 ­0.14
(0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.03)***

T&DL * Access to Credit 0.009
(0.001)***

Public Company 0.14 0.14 0.14 0.14 0.14

(0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)***

Census Sector 0.07 0.07 0.07 0.07 0.07

(0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)***

Observations 133186 127940 133186 133186 133186

R­squared 0.25 0.25 0.26 0.26 0.26

Adoption of Captive Generator

Robust standard errors in parentheses, clustered at the state­industry level. * significant at 10%; **  at 5%; *** at 1%. The regressions are a linear probability model where

the dependent variable "Adoption" is equal to 1 if the firms produces some of the electricity used in production and includes 3­digit industry * year fixed effects. All tariffs

and unit costs are in Paise (cents of rupee) per KWh. "T&D Losses" are Transmission and Distribution losses as a % of total electricity traded. "Outages" is forced outages

of thermal stations (%).

Table 7: Interactions Between SEB Quality Provison and Firm Characteristics
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(1) (2) (3) (4) (5)

Licensed 0.09 0.07 0.07 0.02 0.01
(0.01)*** (0.02)*** (0.01)*** (0.01) (0.01)

Trade tariff 0.07 0.06 0.06 0.06
(0.02)*** (0.02)*** (0.02)*** (0.02)***

Electricity intensity 0.005 0.005 0.005
(0.003)* (0.003)* (0.003)*

Rural 0.08 0.08 0.08 0.04 0.08
(0.01)*** (0.01)*** (0.01)*** (0.015)** (0.01)***

Licensed * Rural 0.09
(0.02)***

Urban 0.05 0.05 0.05 0.03 0.05
(0.01)*** (0.01)*** (0.01)*** (0.01)** (0.01)***

Licensed * Urban 0.04
(0.01)***

Log workers 0.08 0.08 0.08 0.08 0.07
(0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)***

Licensed * Log workers 0.02
(0.006)***

Public Company 0.16 0.17 0.17 0.17 0.17
(0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)***

Multiproduct 0.05 0.05 0.05 0.05 0.05
(0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)***

Census Sector 0.07 0.07 0.07 0.07 0.07
(0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)***

Access to Credit 0.07 0.07 0.07 0.07 0.07
(0.01)*** (0.01)*** (0.01)*** (0.01)*** (0.01)***

Observations 119054 119054 119054 119054 119054
R­squared 0.35 0.36 0.36 0.36 0.36

Table 8: Competitive Environment and Adoption of Captive Power

Robust standard errors in parentheses, clustered at the state­industry level. * significant at 10%; **  at 5%; *** at 1%. The
regressions are a linear probability model where the dependent variable "Adoption" is equal to 1 if the firms produces some of the
electricity used in production and include state * 2­digit industry * year fixed effects. "Licensed" is a dummy equalt to 1 if the 4­
digit industry is licensed. "Trade tariff" is the ad­valorem import tariff (%). "Electricity intensity" is a measure of electricity needs
of a 3­digit industry, as a proportion of total inputs.

Adoption of Captive Generator
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