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Abstract

Many developing countries are unable to providertimelustrial sector with reliable electric
power and many enterprises have to contend withfficgent and unreliable electricity
supply. Because of these constraints, enterpries opt for self-generation even though it
is widely considered a second best solution. Plaiger develops a theoretical model of
investment behavior in remedial infrastructure wipdysical constraints are present. It then
tests econometrically implications from this modgihg a large sample of enterprises from
87 countries from the World Bank enterprise surdeyabase. After showing that these
constraints have non-linear effects according te tlatural degree of reliance on electricity
of an industrial sector and on firm size, the papdraws differentiated policy
recommendations. Credit constraints appear to be ghority in sectors very reliant on
electricity to spur entry and convergence to thehimlogical frontier while, in other sectors,
firms would benefit more widely from marginal impements in electrical supply.
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And God said, 'Let there be light' and there waist)ibut the Electricity

Board said He would have to wait until Thursdaypéoconnected.

Spike Milligan

1. Introduction

There is growing evidence, both micro- and macroentdc, that better electricity
infrastructure significantly boosts economic grovetid improves a range of development
outcomes.Energy is necessary for the operation of prodeatapital in the industrial sector.
Low levels of infrastructure development and pooaldy of services can drive up firms’
direct and indirect costs and bias their technalalgchoices away from energy intensive
ones, which in turn increases the overall costativ@ to competitors in other regiohs.
Enterprises typically face more barriers in develgpountries, where firms have difficulties
getting connected to the public gfidvhen firms do get connections, the sanctioned Isad
often lower than their demand and they face fretjaelneduled and unscheduled power cuts.
In addition, fluctuations in voltage and frequermdéypower supplied causes machine damage,
material losses, and variations in product qualis a result, production volumes,
manufacturing costs and output quality are all esklg affected; firms invest less or in less

efficient technologies and have lower productigtgwth.

To offset these negative impacts, industrial filmsgeveloping countries are often opting
for self-generation even though it is widely comsatl a second best solution. Of the 25 Sub-
Saharan countries reviewed by Foster and Steinb{&339), in-house generation accounts
for more than 25% of the installed generating capac 3 countries, and for more than 10%
in 9 others. This of course has a negative impactheir overall investment capacity. In
Nigeria, where 40% of electricity consumed is pm&tli through auto-generation, firms
spend up to 20—-30% of initial investment on meastweenhance the reliability of electricity
supply! It also drives up costs: in Africa, own-generagdgttricity is on average 313% more

expensive than electricity from the grid accordiaghe estimates of Foster and Steinbucks.

* See for example Calderén and Servén (2003), ardef@m (2009) for cross-country estimations, and
Dinkelman (2009) and Lipscomb, Mobarak and Barh2@®9) for microeconomic evidence.

® Eifert, Gelb and Ramachandran (2008).

® World Bank (2005); Bartelsman, Haltiwanger andrBetia (2004).

" Adenikinju (2005).



In environments with important credit constraintsych investments in mitigating

technologies are often inaccessible to smallerdionthose more severely exposed to credit
restrictions. Infrastructure failures and creduitations therefore interact in constraining the
development of enterprises, both by making existmgestments less productive and by

discouraging new ones.

In this paper, we use a sample of 46,606 firms f&Mmcountries covering the period
2002-2006 to analyze the behavior of firms facmgastructure constraints. In particular, our
objective is to understand under which conditiohsyt decide to invest in their own
generating capacity, how this decision is affeddgdthe above-mentioned constraints and
their interactions with firm- and sector-level cheteristics, and ultimately what this implies
in terms of firm-size distribution. Finding answeosthese questions is important because it
conditions industrial development policies and theoritization by policy-makers of

measures to improve the investment climate.

A number of papers have documented the burden tbos developing country firms
by an erratic and low-quality electricity supplyarly contributions include Lee, Anas and Oh
(1996) and Lee, Anas, Verma and Murray (1996)—hafthvhich use data from Nigeria,
Indonesia and Thailand. Lee, Anas and Oh (1996ument the extent and incidence of
public infrastructure deficiencies, the response poivate entrepreneurs in terms of
investment in private infrastructure and the pevebst of generation. They conclude that the
private costs of infrastructure deficiencies arebssantial and that the burdens fall
disproportionately on smaller firms, while pointiogt large differences across these three
countries, linked in particular to the regulatorwgonment. In Indonesia and Thailand, the
opening up of infrastructure markets to privatevpters and the possibility of shared
production appears to ease constraints on all cagsgof firms and to improve the reliability

of service flows.

Hallward-Driemeier and Stewart (2004) documentgratt of access to infrastructure
services by enterprises in developing countriessdioav that access varies by type of service
and firm size—with electricity often being the begg problem, and larger firms expressing
more concerns than smaller firms about all servi€bs authors report that an overwhelming
majority of firms in poor countries is affected @jectrical outages, leading to losses

sometimes exceeding 10% of sales. In BangladeshnaC Ethiopia, and Pakistan,



improvements in the reliability of the power supply found to increase garment
manufacturers’ total factor productivity and thewth rates of their output and employment
(Dollar, Hallward-Driemeier and Mengistae, 2005ulyani (1999) documents the impact of
electricity hazards on an Indian car manufacturet #s upstream suppliers, which have
devised an innovative generation and power-shaystem to solve their power problems.
Gulyani argues that self-generation is economical, @ombined with power sharing, can
serve as a model that could be replicated to ana¢diche power problems plaguing large

manufacturing firms in developing countries.

Closest to our paper are contributions by Reinikkal Svensson (2002) and, more
recently, by Steinbucks (2008) and Foster and Bteiks (2009). Reinikka and Svensson
analyze a sample of 171 Ugandan firms, some oftwigsponded to poor electricity supply
by investing in generators. They show that this e€aat the cost of reducing overall
investment and installing less productive capitabster and Steinbucks (2009), after
providing a very rich description of in-house etaxity generation in 25 Sub-Saharan African
countries, estimate that the weighted averageafgsbwer own-generation for large firms is
relatively small and that the main victims are éxésting informal firms and the formal ones
that were not created as a result of the prevadomgstraints. They also allude to the potential
benefit of allowing firms with generation capacity resell power into the national grid.
Steinbucks (2008) uses firm-level data from Suba®ai African countries and concludes
that firms experiencing fewer credit constraints arore likely to own a private generator in

the areas where public power supply is unreliable.

Our original contribution is, first, to documentssymatically the effects of electricity
deficiencies on the decision to invest in mitiggti@chnology, i.e., in a generator, and to
analyze how the impact varies across firm typessautior technological characteristics and,
second, to show how these deficiencies affect ésellting patterns of industrial structure
across countries and sectors. A theoretical mod&ir responses to power outages allows
us to derive precise predictions that are therdesith the data. Using a dataset with a wide
coverage — 87 countries and 28 two-digit ISIC irtdak classifications — we show that
electricity-related constraints have non-lineareefi§ that vary according to the degree of
reliance on electricity of the sector and the sizthe firm. We also show that, in sectors that
are naturally more reliant on electricity, a largamber of outages implies a skewed

industrial structure with mostly large firms andver small ones. Finally, we discuss some



policy implications of our results. Addressing dtembnstraints to allow firms’ investments
in generators appears to be the priority for sedivat are very reliant on electricity (as a way
to spur entry and convergence toward the techncdbfiiontier) while, in other sectors, firms
would benefit more widely from marginal improvenmenih electrical supply. We discuss

how power-sharing versus pricing policies can kedue address these issues.

The paper is structured as follows. Section 2 prissthe dataset and provides descriptive
statistics on the extent of electricity deficierscand credit constraints, as they emerge from
the enterprise surveys. Section 3 presents a noba@lestment by firms when infrastructure
and credit constraints are present. Section 4sspell the econometric specifications used to
test the model’s predictions. Section 5 preser@gdBults, and Section 6 discusses the policy

implications and concludes.

2. Data and Stylized Facts

We use data from the enterprise surveys for 87 toesnfor which data on number of
power outages is available, covering a total 06@6,firms over the period 2002-20D&f
these, 77 countries also have data on generator3dndountries have data on cost of

electricity?

Many developing countries are unable to providertimdustrial sector with reliable
electric power and industrial enterprises havedotend with electricity that is insufficient

and of poor quality.

Table 1 shows the severity of electricity hazards acrasgons and country income
groups. Column 1 reports a subjective indicatoe: percentage of firms’ managers quoting
electricity as major or severe constraint to theperations and growth. Electricity is
perceived as a “major” or “very severe” constrdort 15% of the entrepreneurs overall and
for more than 26% of firms located in low-incomeauntries. The highest percentage of firms
considering electricity as a serious problem iSauth Asia (43% of firms) followed by East

Asia, and Africa.

8 Seehttps://www.enterprisesurveys.orgrhe list of countries surveyed can be found ppéndix Table Al.
Unfortunately it is not possible to use survey dafter 2006 for such an exercise since key questahout
power were dropped from the questionnaire.

° This yields a sample of 62 countries with datagenerator and number of power outages, and 32 mesint
with data on generator, number of power outagescantiof electricity.




In columns 2 and 3 are objective indicators: therage number of power outages

experienced more than 30 outages a year.

suffered by firms in a given country group, and share of firms having suffered more than
30 outages in the year before the survey. Ovefaths face cutoffs from the public
electricity grid on average 28 times per year,thig number can be as high as 132 in South

Asia and 61 in Africa. In these two regions, cldsehalf of all the firms surveyed

Table 1: Access to electricity by firms across regns and country income groups

Region Percent of frms  Average  Percent of firms having  Generator
mentioning number of more than 30 power Ownership
electricity as power outages (Percent of

major or severe outages firms)
constraint

Europe/Central Asia 8.5% 9.72 5.7% 27.5%
Latin America 9.3% 12.44 7.7% 21.2%
East Asia & Pacific 25.1% 36,49 18.3% 28.7%
Mid. East/North Africa 21.5% 41.32 22.1% 32.4%
Sub Saharan Africa 16.4% 61.12 45.2% 36.6%
South Asia 43.0% 131.74 49.0% 61.7%
Country Income Level

High 4.9% 1.32 0.2% -
upper-middle 8.3% 13.02 6.2% 28.0%
lower-middle 14.3% 13.76 9.1% 24.1%
Low 26.4% 64.08 34.1% 42.4%
Average 15.6% 27.57 15.2% 31.1%

The picture provided by these three indicatorsassistent across regions and income

62% and 37% in South Asia and Africa, respectively.

groups: constraints are more stringent in pooramtrees and in South Asian, African,
Middle-Eastern/North African, and East Asian coigs+in that order. As a result, many

firms invest in a back-up power generator: 31%lbfimns own one. This number peaks at

Appendix Table A3 presents general firm-level sumymstatistics. Table 2 shows a

breakdown of these numbers according to generatamexship. Firms with installed
generator capacity are typically larger and repaote days without power from the public
grid during the survey year. Moreover, such firms slightly older. Conversely, firms not

owning a generator are smaller, and are found mmost#nvironments with fewer outages.



Table 2: Summary statistics by ownership of generat

Owns a generator Does not own generator
Mean Median Mean Median
Number of workers 258.40 55 118.97 21
Age of firm 20.56 15 17.17 12
Number of power outages per year 68.84 12 25.89 5
Percent of Electricity coming from generator 21.35% 10.00% - -
Number of firms 13,553 30,093

Looking now at firm characteristics, Table 3 shdahat large firms (in terms of number
of employees but with similar conclusions if salesestment, or capital are considered) as
well as foreign-owned, exporting and capital-cigsed firms report more frequently owning

a generator.

Table 3: Generator ownership and frequency of outags by firm characteristics

% of firms owning a Number of power outage
generator With a Generator ~ Without a Generatvhole Sample

By firm size Nber of firms 37,623 11,164 26,459 37,623
Small 30.2% 55.7 24.7 30.2
Medium 31.6% 55.8 20.0 31.6
Large 43.6% 67.4 17.7 43.6

By firm ownership Nber of firms 42,742 13,388 29,354 42,742
Domestic 30.2% 73.3 27.4 43.1
Foreign 39.8% 44.0 17.1 29.0

By firm exporting status Nber of firms 42,409 13,115 29,294 42,409
Exporter 44.1% 62.9 19.4 40.2
Non-Export 27.1% 69.8 27.9 40.7

By firm location Nber of firms 31,436 10,516 20,920 31,436
Capital City 35.3% 91.5 35.1 55.9
No Capital City 32.6% 71.9 25.0 40.8

* Small firms have strictly less than 20 employ@esdium firms employ between 20 and 99 workerdange firms have more than 100
employees.

The next section develops a theoretical model wh-fevel investment in remedial

infrastructure in the presence of electricity anetld constraints.



3. The Model

We consider a continuous moral hazard investmerdema la Holmstrom and Tirole
(1997). Entrepreneurs are endowed with asgetsvhich can be, for example, cash or
productive assets they can pledge as collat€malndertake a productive project of variable
sizel, they intend to borrow an amount A.

The net return to the project depends on a complaaneinput, in this case electricity
from the grid, the provision of which is of varyiggality. We assume that this net return is
given byodr, wherer is the gross return absent any infrastructure tcaing, ando /7 [0, 1]
captures the impact of electricity supply. In piastthe quality of supply as measured by the
number of outages affecting the firm interacts wiite sector-level “sensitivity to electricity”
to determine the actual value &fIn particular, when operating at the technologiaantier,
some sectors are naturally more reliant on elettriban others. We assume that for sectors
with a higher sensitivity to electricity, a giveumber of outages has a stronger negative
impact on the project returfl.Formally, in what follows, we will consider a sitepversion
of this differential sensitivity corresponding taroempirical application below, in which
there are two types of sectors with either highd€iwed byH) or low (indexed byL)
sensitivity, withon(0) = 0.(0) = 1, and0 < dy(N) < (N) < 1for allN > 0.

The project yieldgrl in case of success afdn case of failure, an outcome that is fully
verifiable. However, the probability of success @egs on the effort exerted by
entrepreneurs, which is not observable by the lentfethe entrepreneur works, the
probability of success ipy, while if he shirks, it is only, < py, but he enjoys a private

benefitBl or equivalently saves on the cost of effort.

The project is viable only if the project’'s net gpeat value (NPV) per unit of
investment is positive. We assume that it is alwaggative if effort is not exerteg r +B
<1 for all ¢ /7[0, 1]), but that it may be positive if effort is exertéd other words, there is a
thresholddo = 1/pyr, such thapyor > 1 for all 6 > dp. On the other hand, i < dy, the unit

NPV is too low and the project is not worth undkirtg. Note that it follows from the

10" As discussed in more details in the empiricatisacthis may be because the production procéiss neore
on electricity and is therefore more affected btages, or because deficiencies push firms to ddept
efficient technologies.



model’s assumption above that in sectors with & Bensitivity to electricity, the number of

power outagedl such thab < g is lower.

The credit contract consists of an amoluahd shares corresponding to the borrovgg) (
and the lenderR ), such thatorl = Ry, + R. The incentive constraint of the borrower is
given by:

PR = pRy + Bl = R, > Bl/4p, (1)

which defines the maximum income pledgeable tdeéhderR = Jrl — Bl/4p. Moreover, the

lender must at least break even, which implies that
puR =1 - A. 2)

The problem is solved by assuming that the creditket is competitive, so profits are
null and (2) is binding. After straightforward couotptions, we can characterize the level of

investment:
| <A, (3)

where K = 1/[1+(pyB/4p)-pudr]. In a competitive credit market, borrowers get thi
surplus, which can be written &4°(A) = (por-1)I = (puor-1) k’A, and they invest the

maximum possible amourit£ k’A).%

Alternatively, the firm can invest in a private stihute to ensure reliable electricity
input, i.e., an electricity generator. This investthhas a cost, leaving the firm with an
initial capital A — «, but the firm then ensures a ret@®f such thaR® < r.*? In that case, the

firm proceeds to inves$f = k°(A - x), where:
K°=1/[1+ puBldp - puR°). (4)
The firm gets utility:

Up2(A) = (puR° — 1) (A - x). (5)

' The assumptions on the NPV imply tlét> 1. We also need to assume thadr < 1 + p,B/4p to ensure
that the optimal size of the firm is not infinite.

12 The assumptioR® < r captures the fact that the unit electricity costif a generator is higher than that from
the grid (see Foster and Steinbuks, 2009). Itsisaatcut for a characterization with both a fixed @ variable
cost of operating the generator.



Optimal Firm Decision

Let us now compare the benefits from investing or in a generator at different

levels of wealttA. From the expressions 0f’(A) andUy°(A), we can draw Figures 1 and 2.

Figure 1 represents the case in whith> do, i.e., when the impact of electricity
deficiencies is not too severe. In that case, types of investment behavior coexist. Below
the cutoff levelA*, firms do not invest in generators but are stileato obtain credit and
enter production, while above the threshold langed invest in generators and obtain a
higher leverage in the credit markéMWhen power from the grid is reasonably reliabterye
to the productive sector is profitable across @rege of potential entrepreneurs and sectors.
A duality exists in terms of access to remediakstments and therefore productivity, aid
is increasing iy, meaning that as long @s> Jop, an increase in power cuts will trigger

additional investments in generators.

Figure 2 represents the case in which dy, i.e., when the impact is severely adverse. In
this parameter space, the outcome is stark: firimgve a cutoff levelA_ invest in
complementary capital, take credit and enter prodacwhile firms below the cutoff are
credit constrained, as infrastructure deficiencee so stringent that the return from
production is too low to access the credit market] they lack the capacity to invest in a
generator. Notably, in contrast to the previouscAs does not depend ahas long ag <
do. Although this is not explicitty modeled here, onan imagine that these potential

entrepreneurs remain in the informal sector angwore their own endowments.

13 Note that we represent the case whére k. If k’ exceed%®, which is likely if electricity supply is
completely flawless, firms borrow and produce at kvel of wealth without the need to invest inemgrator.
Our data support the idea that this case is nevaal in our sample.

10
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Following this discussion on the determinantg,afne can think of the cases in Figures 1
and 2 as capturing two types of variation in thgiremment. First, they may capture the
difference between countries with reliable electgtvices and those with relatively worse
services, i.e., a higher prevalence of outagesorkgcthey may relate to the sector-level

fundamental characteristics discussed abovethe sensitivity to electricity.

From this basic model, we derive two related restiFirst, Proposition 1 states that the
probability that firms own a generator increaseshiem number of outages as long as the
efficiency of electricity services is not too low & dp), while this probability does not

depend orN when this efficiency is lowd(< dp), as investment is discouraged altogether.

Proposition 1 There is a thresholdp such thatdA*/ o6 > 0 if and only ifé > do, while for
0 < do, dA*/ 06 = 0.

Intuitively, as long as the losses related to elgty deficiencies are not too high, it is
optimal for firms at all levels of assets to operdiut only those above a given size find it
profitable to invest in a generator. In this regiraedecrease in electricity efficiency pushes
the marginal firms to invest in remedial equipmesd, we expect to find a positive link
between the probability to own a generator andnilvaber of outages. On the other hand,
when losses due to electricity deficiencies arey Vegh, the returns for firms not owning a
generator are so low that they disappear altogeltiean, the industry is populated only by
firms that are large enough to invest in a generatnd the probability that they own a

generator does not respond to the number of outages

As a result, in environment with electricity deéocies, the model also has implications
in terms of firm size distribution, as illustratedFigures 3 and 4. To put it in a nutshell: in
sectors that are very sensitive to how efficieet#lcity supply is, there will be fewer small
firms and, among existing (medium and large) firadarger proportion of firms owning a

generator.

14 Proofs are straightforward and are therefore enchittAn appendix with the formal derivation of the
comparative statics results is available upon regue

12
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Figure 3, which represents the profit of a firnfigéd sizeA < A_ (i.e., a relatively small
one) as the number of power outayjegaries, illustrates the first part of this prediat The
downward slopping curves denotdg(d.(N)) and Uy(dy(N)) represent how the firm’s utility
evolves with the number of outages in the low-demtyi and high-sensitivity cases,
respectively. The cutoffsly andN_ on the horizontal axis show the number of powdages
above which small firms are pushed to exit. Outamyestoo much of a drain on profits to
allow them to operate and they cannot afford a ggae Clearly, in the presence of
electricity deficiencies, firms in more sensitivectors are less likely to be profitable and

therefore a smaller proportion of small firms akelly to exist.

Figure 4 illustrates the second part of the preatictconcerning generator ownership by
existing firms. It represents the profit of a fiwhfixed sizeA > A_ (i.e., a medium or large
one) as the number of power outafjesaries The cutofffNy andN, are defined as before,
and they now show the number of power outages atwbnveh the firm finds it profitable to
invest in a generator. Again, the proportion ofmsr not owning a generator is smaller in

sectors more sensitive to electricity.
We summarize these insights in Proposition 2.

Proposition 2 Deficiencies in electricity supply have a differenpact on the
distribution of firms’ size depending on sectorbaracteristics. In sectors comparatively
more sensitive to the efficiency of electric supaliarge number of outages results in small
formal firms being relatively less abundant.

As explained above, this proposition states tiratthe presence of outages, the
likelihood that small firms invest and produce whilot owning a generator is decreasing in
the sector’'s sensitivity to electricity. As a riés@ larger proportion of existing firms,

medium and large, own a generator.

The next section lays down the econometric spetifia to test these implications.
4. Econometric Specifications

The model specified above leads us to test theovilmlg empirical specifications
regarding the decision to invest in an electricegator, which we can write as a binary

decision problem:

Gene = 1[Gen*= 6, + 6 + 0 + alogNjc + Xiic y + &ijc > 0], (6)

14



wherel[.] is an indicator function equal to 1 if the statetnim brackets is trug, indexes
firms, Genis a binary variable equal to 1 if the firm owngemerator and O otherwise, #is
are sets of dummy variables for industrigs dountries ¢), and yearst), Njc is a measure of
the number of power outages facing the firm, Xpdis a vector of firm-level controls, also

including measures of possible financial consteafating the firm.

The logarithmic term is meant to capture in a vgeyeric fashion the non-linear effects
of power outages outlined in the model, and we etxpe 0, meaning that the probability of
owning a generator is increasing in the preval@icaitages.

The model also implies that the coefficients shadiffer according to the intrinsic
sensitivity of productive sectors to the qualityedéctric supply. An important question is
how to define this latter aspect. We defi@eas a measure of electricity expenditure as a
percentage of total cost. To simplify further thapérical test, we defin&, as a dummy

variable equal to 1 for sectors relying importarmthyelectricity as an input, afidotherwise.

To mitigate potential worries linked to the facathechnology choice is to some extent
endogenous—so that industries in environments midmy outages may substitute towards
technologies that use less electricity—, the sdetel benchmark value is defined by
reference to countries with relatively low eledtsiaconstraints® The underlying logic is to
have a reference value of what technological clsoigeuld look like in a distortion-free
environment, akin to a sectoral technological fiemtWe do not need to assume that
technological choices are the same in the presehekectricity deficiencies but, rather, that
in sectors in which the first-best technology woblvery electricity-intensive the impact of
deficiencies will be felt stronger and will penaiirms more heavily, as those not owning
generators will either suffer critical failures addmages, or they will have to settle for
second-best technologies implying in both casearget efficiency gap. We discuss the

technical details of the variable constructiontiertin the next section.

Equipped with this measure of “benchmark electrigitensity”, we can then test (6) on
the two subsamples corresponding respectivel$,te 0 and S, =1. From the model, we
expect a marginal increase in the number of outtgdmve a lesser impact in electricity-

intensive sectors, because firms have strong in@nto invest in generators as soon as

5 This is standard practice in the empirical litarat Examples of industry-level reference valuesrfoovation
or barriers to entry can be found for example inaRaand Zingales (1998) and Fisman and Sarria-A#éen
(2004).

15



some deficiencies are felt, while in sectors tley tess on electricity a similar marginal

increase should significantly increase the prolitgtith own a generator (see Propositiort°L).

The second set of predictions concerns the differledistribution of firm size across
sectors. To address this, we start by presentindldadifferences across sectors (following
the classification according t8, defined above) and countries—distinguishing between
countries with a high and small median (or averagenber of outages. Formally, we

estimate:
Zi= Oj+ Oc+ 0+ PNict + 0 (Niet*S*Ch) + Xt v + €ijc > 0], (7)

whereZ. is some industry/country level measure of thetindanumber of small firms. On
the right hand side\c is the number of power outages as above and thie interaction
term Nic*Sy*C, captures the effect of outages in the group aftetty-intensive industries
(% =1) in countries with a number of outages above tlkdian/averaged, =1). Finally, the
full sets of industry, country and time dummies ia@uded, as well as industry-country level

controls, including all the related double-interactterms.
5. Empirical Analysis

In order to estimate the specification above, wat fieed to construct the parameser
The countries in our sample with the smallest numifepower outages are Indonesia,
Lithuania, Brazil, Poland and Thailand. Within tkisbsample, we compute the average cost
of electricity as a percentage of total cost byustdal sector, as shown in Table 4. We
classify as “very reliant on electricity'S(=1) industrial sectors that are above the median
(7.7 percent) and the rest as sectors not relyirog huch on electricity §=0). As all
industrial sectors are not represented in our supka of five countries with reliable
electricity services, we assign a value &rin height missing industrial sectors following

intuitive criteria’’ Table 5 presents summary statistics on these uvsesnples of firms.

%1n a previous version of this paper (Alby, Dethéerd Straub, 2010), we approximated the non-liseape
with a quadratic specification of outages instefithe logarithmic one, and showed that the turrpont was
lower for electricity-intensive sectors.

" A “core” set of sectors is systematically includadall enterprise surveys, so that the missingsaepresent
relatively few firms overall (see Dethier, Hirn aBtraub, 2010, for a detailed description). We @arsSports
Goods, Other manufacturing, and Mining and quagyas industrial sectors that do not rely heavily on
electricity (their cost share of electricity isdahan 3.5 percent in the full sample of countriagll assign these
sectors, as well as Accounting and Finance and Adigy and Marketing a value &=0. Symmetrically, we
assign a value&s=1 for firms operating in IT services, Hotels and Resants, and Telecommunications
(average cost share of electricity above 8.6 pe¢iiaghe full sample for the first two).
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Table 4: Reliance on electricity in countries withreliable service, by industrial sector

Industrial Sector

Cost of Electricity
(% of total cost)

Number of firms having
non zero electricity cost

Other services 221 1
Metals and machinery 3.50 352
Leather 4.07 161
Garments 4.44 759
Auto and auto components 5.61 280
Agroindustry 5.70 17
Electronics 5.94 266
Non-metallic/plastic materials 6.30 234
Wood and furniture 6.93 495
Construction 7.58 18
Other unclassified 7.72 8
Food 8.59 474
Transport 11.08 11
Chemicals and pharmaceutics 11.47 153
Textiles 11.89 510
Paper 12.40 28
Retail and wholesale trade 13.31 2
Other transport equipment 21.86 18
Real estate and rental services 24.49 1
Beverages 30.49 16
Overall Total 7.07 3,804

Note: Lithuania, Thailand, Poland, Indonesia andhBt are the countries in our sample

with the least number of powerages.

Table 5: Describing firms sub-samples according t&,

S
0 1 TOTAL
Whole Sample
Number of firms 20,064 20,651 40,715
% of firms quoting Electricity as a major or seveaastraint 18.81% 15.88%  17.33%
Average Number of power outage 22.71 23.18 22.95
% of firms with a generator 28.59%  40.39%  33.33%
Average Cost of Electricity (% of total cost) 6.29% 9.04% 7.43%
By firms size
Large(100 and over)
Number of firms 5,173 4,212 9,385
% of firms quoting Electricity as a major or seveamstraint 21.95%  21.90% 21.93%
Average Number of power outage 29.96 27.35 28.79
% of firms with a generator 46.69%  61.46% 52.65%
Average Cost of Electricity (% of total cost) 4.99% 7.49% 5.99%
Medium(20-99)
Number of firms 6,942 6,276 13,218
% of firms quoting Electricity as a major or seveaastraint 19.10% 19.47%  19.28%
Average Number of power outage 21.65 25.33 23.40
% of firms with a generator 27.30%  40.05% 32.62%
Average Cost of Electricity (% of total cost) 6.33% 9.38% 7.62%
Small(<20)
Number of firms 7,949 10,163 18,112
% of firms quoting Electricity as a major or seveamstraint 16.51% 11.13%  13.50%
Average Number of power outage 18.92 20.13 19.60
% of firms with a generator 15.31%  22.15% 17.92%
Average Cost of Electricity (% of total cost) 7.91% 10.41% 8.94%
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One standard worry with firm surveys is the potantion-response bias, since some
firms may not respond to specific questions. OVeran-response is more frequent among
small and service firms, and this is also the e@sen looking in particular at missing data on
generator ownership. This is a standard observatiofirm surveys, the main reasons
including lack of time and/or information by therpen responding to interviewers, which is
more likely to occur when dealing with small firnBecause of the way generator ownership
is distributed among firm size categories, this ra#fgct our estimates, even if these non-
responses are not driven by strategic considesatanfirm level. While we have no
systematic way to address this problem, results §hown here to save space] indicate that
most of our conclusions corresponding to specifica{6) are robust to excluding small firms

and all service activities respectivefy.

The results from estimating equation (6) by maxinlikelihood using a probit model on
the full sample are shown in Tablé®6All specifications include country, industry aneay
dummies, and standard errors are clustered ataetry-industry level. We first introduce
the number of power outages alone in columns 1 @oBumn 1 reports the results with fixed
effects only, and column 2 those with firm-levehtols (age of firm, location, whether it
exports or not, whether it has foreign capital ot, mnd firm size). To the extent that more
power outages are likely to lead to more generatovership, we expect the coefficient for
the number of outages to be positive, and thisdeed what we obtain. In column 2, a 10
percent increase in the number of outages addsedcgnt to the probability that firms own a
generator. Note that in column 2, the coefficieotdhe age, capital city, and particularly
export and foreign ownership dummies are large,itipesand significant, while their

inclusion actually reinforces the effects of powatages and credit constraints.

Column 3 introduces several measures of finanawsiraints: a dummy indicating
whether access to financing is a major/severe m@ngta dummy indicating whether the
cost of financing is major/severe constraint; anduenmy indicating whether the firm has

access to an overdraft facility or line of credihese variables again have the expected effect

8 A more general issue is the fact that surveys egprovide information on firms that were not bobecause
of credit constraints or unreliable public powepply. Dethier, Hirn and Straub (2010) address tbémels
and hippos” self-selection issue in details, strgsin particular that econometric models like thee in this
paper only provide information about the effectcohstraints on the sample of existing firms, arat the
analysis of entry would require different modelsowéver, since self-selection is hardly ever likédy be
complete, some informative variation should reniaithe data.

¥ See Appendix Table A2 for a description of the afalés.
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on the probability to own a generator, i.e., mdrengent constraints decrease it, and more

importantly their inclusion does not invalidate tiesults on outages.

Both firm-level controls and financial constrainisoxies should be seen as control
variables for the sake of robustness and theires@ coefficients should not be interpreted
as uncovering causal links, as specific endogemeitgerns arise from omitted variable bias

and unobserved effects such as entrepreneuritd.sKil

In column 4 we add the electricity-intensive seadammy, and in columns 5 to 7 we
introduce its interaction term with outages, whiams out to be negative as expected. This
means that the marginal impact of outages is loweilectricity-intensive sectors. Note that
in columns 4 and 7, the coefficient f&ris large, positive and significant. Indeed, asssed
in the model, firms in these sectors are much nikedy to own a generator at baseline, as
even a small number of interruptions can have wdsyuptive effects. In such a context, a

marginal increase in the number of outages onlyaHasited effect on generator ownership.

Table 6: Remedial capital ownership

@ &) 3 4 ®) (6) )
Full Sample
Probit Generator GeneratorGenerator Generator GeneratortGenerator Generator
Number of Power Outage (Log) 0.082 0.097 0.057 0.055 0.098 0.117 0.077
(7.99)*  (8.61)***  (4.24)***  (3.98)*  (6.82)**  ( T.46)**  (4.56)**
Sectors very reliant on electricity, S 0.379 0.155 0.239 0.459
(1.76)* (0.58) (0.88) (2.01)*
Number of Power Outage (Log) %S -0.037 -0.046 -0.051
(1.53) (2.03)** (1.86)*
Access to Financing Major/Severe Constraint -0.12 -0.142 -0.142
(3.02)*** (3.96)*** (3.98)***
Cost of Financing is Major/Severe Constraint -0.057 -0.055 -0.053
(1.74)* (1.6) (1.53)
Overdraft Facility or Line of Credit 0.209 0.198 0.198
(5 .47)*** (5 . 09)*** (5 . 16)***
Age 0.005 0.003 0.004 0.006 0.004
(3.89)**  (2.40)**  (3.96)** (6.03y**  (3.90)**
Capital City dummy 0.11 0.144 0.146 0.109 0.144
(2.14)*  (2.46)*  (2.38)* (2.05)*  (2.33)*
Export dummy 0.372 0.303 0.287 0.358 0.282
(7.90y**  (6.68)***  (6.33)*** (7.57)=*  (6.29)* **
Foreign dummy 0.218 0.206 0.208 0.227 0.214
(5.01)**  (4.38)**  (4.32)%* (5.25)***  (4.53)* **
Constant -1.001 -1.068 -0.799 -1.016 -1.411 -1.325 -1.057
(5.38)**  (4.63)**  (3.58)**  (6.50)***  (10.74)**  (8.34)"*  (6.67)**
Firm Size dummies Yes Yes Yes Yes Yes
Country dummies Yes Yes Yes Yes Yes Yes Yes
Industry dummies Yes Yes Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes Yes Yes
Observations 24,943 18,786 12,704 12,240 24,451 18,320 12,240

Absolute value of z statistics in parentheses dstetherrors are clustered at the country-industrgll
* significant at 10%; ** significant at 5%; *** sigificant at 1%
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Next in Table 7, we estimate (3) on the two subsamples correspgnadispectively to
$=0 (columns 1 to 3) an&=1 (columns 4 to 6). This specification is less coaising, as it
does not impose equality of the control variablesefficients across subsamples. Table 7
confirms that the marginal effect is smaller incéleity-intensive sectors. Comparing
columns 3 and 6, which include the full set of cohvariables for the cas&x=0 andS=1
respectively, the coefficient of the log of outagaselectricity-reliant industries is 36%

smaller and only significant at the 10% level.

Table 7. Complementary capital decision dependingrosectors’ reliance on electricity
@ 2 ®) ) (5) (6)
$=0 $=0 $=0 S=1 S=1 S=1

Probit Generator  GeneratorGenerator Generator Generator Generator
Number of Power Outage (Log) 0.091 0.109 0.064 0.069 0.08 0.041
(6.37)%* (6.90)*  (3.56)**  (4.99)**  (4.81)*** ( 1.92)*
Access to Financing Major/Severe Constraint -0.096 -0.197
(2.12)* (3.67)x*
Cost of Financing is Major/Severe Constraint -0.116 0.022
(2.72)*** (0.41)
Overdraft Facility or Line of Credit 0.21 0.177
(4.64)*** (2.59)***
Age 0.005 0.004 0.006 0.004
(3.97)*  (2.72)*** (4.44)  (2.76)***
Capital City dummy 0.146 0.168 0.065 0.123
(2.13)** (2.13)** 0.8) (1.27)
Export dummy 0.438 0.319 0.23 0.208
(6.83)**  (5.79)*** (3.30)**  (2.92)***
Foreign dummy 0.185 0.184 0.276 0.239
(3.56)**  (3.13)*** (3.81)*  (2.97)***
Constant -1.506 -1.57 -1.319 -0.522 0.082
(13.33)*  (9.53)*+  (7.78)%* (1.44) (0.28)
Firm Size dummies Yes Yes Yes Yes
Country dummies Yes Yes Yes Yes Yes Yes
Industry dummies Yes Yes Yes Yes Yes Yes
Year dummies Yes Yes Yes Yes Yes Yes
Observations 13,907 10,511 7,595 10,544 7,806 4,645

Absolute value of z statistics in parentheses dstatherrors are clustered at the country-industrgl|
* significant at 10%; ** significant at 5%; *** sigificant at 1%

The marginal effects mentioned above, however,aaerage marginal effects of the
variables of interest computed at the sample méaxmanatory variables (28 for outages).
The model’'s prediction can be more accurately cor@d by comparing the evolution of the
marginal impact across the range of values of astaghich in our sample goes from zero to
several hundred each year. Figure 5 shows the n#rgifect computed at different level of
outages, ranging from 1 to 600. Clearly, the magimpact increases for sector not very

reliant on electricity while, in electricity inteng sectors §=1), it is almost flat across the
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entire range. In this group, a 10% increase ingagamplies approximately a 1.5% increase
in the probability to own a generator, while in 8e0 group, the added probability varies

between 1.6% at low level of outages and clos&é@phigh levels.

Figure 5: Marginal effect of outages at different ével of efficiency
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Next we turn to the analysis of firm size distribnt Following the model, we
hypothesize that the higher the number of poweagrithe fewer small firms will manage to
operate, especially in sectors relying stronglyetectricity. We first present some simple

difference-in-differences to highlight this phenaroe.

Table 8 shows the percentage of firms by size caitegyin different groups of countries
(respectively those above or below the median nurmbeutages in the full sample, equal to
7.9Y° and sectors, for the two first categories of firasictly less than 10 employees, and
between 10 and 19 employees), while Figure 6 shoovsesponding values for all size

categories!

Concentrating for example on firms in the seconeégary (less than 10 employees), we
find that, as expected, there are relatively lemallsfirms in countries where the average

observed number of outage is above the median4Z3dnd 22.01% respectively) than in

% The median across country-level averages ismd9g split the sample in two equally-sized groops
countries.

2L Using instead as threshold the average numbeutafjes (11.56) yields very similar results. Weeha
omitted tables and figures for this case in ordesave space.
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countries where the average number of outages|mwvbinis median (36.17 and 22.92%
respectively). However, specific sector charactiessmply that the number of small firms is
always higher in sectors very reliant on electyititan in others (36.17 and 31.42% vs. 22.92
and 22.01% respectively). Taking the double diffieszacross countries and sectors therefore

allows us to control for sectors’ unobserved charéstics.

Table 8: Firm size distribution as a function of eficiency of the grid

Countries With Countries With ADOVE VS
Number Number Y
Below median
of Outages of Outages diff
< 7.90 (Median) > 7.90 (Median) '
Percent of firms employing strictly
less than 5 employees
S-=1 26.37% 18.02% -8.35%
S=0 16.01% 9.34% -6.67%
S=1 vs. $=0 diff. 10.36% 8.68% -1.68%
Percent of firms employing strictly
less than 10 employees
S-=1 36,17% 31,42% -4,75%
S=0 22,92% 22,01% -0,90%
S.=1 vs. $=0 diff. 13,25% 9,41% -3,84%
Percent of firms employing
between 10 and 19 employees
S=1 15,49% 19,54% 4,05%
S=0 14,81% 21,86% 7,05%
S=1 vs. $=0 diff. 0,68% -2,32% -3,00%

To put these numbers in perspective, note thatimgoknly at electricity-intensive
sectors $=1), comparing the group of countries with a numtenuiages below the median
to that of countries with above-median number dhgas shows that the absolute number of
firms decreases by 2,087 (a 16% decrease). Of fives€ disappearances, 71% (i.e., 1,474
firms) correspond to establishments of less theamployees. A similar comparison for non-
electricity-intensive sector§£0) shows that the total number of firms is stablevieen the
two groups of countries (only 18 less firms in hightage countries) and that the reduction in
the number of small firms is smaller than in eledy-intensive sectors, as shown by the
double differences highlighted in bold in Table 8.

Table 8 thus shows that the number of small firassa percentage of the total number of

firms, is smaller in electricity-intensive sectars countries with a higher than median
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number of outages. Figure 6 confirms that the éffmmncentrates on the lowest size

categories, while the relative proportions increfaseall other categories.

Figure 6: Change in firm size distribution as a furction of grid efficiency
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Table 9: Firm size distribution as a function of paver outages

(1) (2) (3)

Number of Small Firms (<5) Number of Small Firms (<10)  Gini index (computed on
per Industry and Country per Industry and Country  firms' number of employees)

/ Total Number of Firms / Total Number of Firms per Industry and Country
per Industry and Country per Industry and Country
Tobit Tobit oLS
Average Number of Power Outage (/100)
per Industry and Country -0.499 -0.253 0.178
(1.96)* (1.37) (1.96)*

Average Number of Power Outage (/100)
per Industry and Country -0.642 -0.606 0.122
* Sh (dummy) * High Number of (2.02)* (1.69)* (0.62)
Power Outage Country (dummy)
Country dummies Yes Yes Yes
Industry dummies Yes Yes Yes
Year dummies Yes Yes Yes
Observations 1,777 1,777 1,777

Absolute value of z statistics in parentheses dstaherrors are clustered at the country level.
* significant at 10%; ** significant at 5%; *** sigificant at 1%

To confirm these results, in Table 9 we preseninadions of specification (7), including
a full set of industry, country and time dummies.cblumns 1 and 2, consistently with the
previous evidence, our dependent varigiyeis the number of small firms (less than 5 or 10

employees) per industry and country divided byttital number of firms per industry and
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country. Alternatively, in column 3 we use a difet measure of size distribution, namely a

Gini index computed on firms' number of employeesipdustry and country.

In columns 1 and 2, we find as expected, that fgivan industry and country a higher
number of outages corresponds to a smaller prapodf small firms. Moreover, the triple
interaction term (Average Number of Power Outad@() per Industry and Country$, *

Ch (High Number of Power Outage Country dummy)) igateze and significant for both size

categories (under 5 and 10 employees).

In column 3, we get similar results using the Gimdlex, which is a measure of
concentration of the whole distribution of firmslthaugh the interaction term is not
significant (signs are now reversed as a highei fagex implies that there are less small
firms). The slight loss of significance is not sismg though, as our Gini measure capture a
change in the full distribution rather than exchady focusing on the share of small firms.

6. Conclusions and Policy Implications

The results of our empirical exercise can be sunz@arn an intuitive way as follows.
For sectors that are very reliant on electricitycts as the chemical or textile industries, a
high prevalence of outages affect the returnstestment so badly that small firms that lack
enough initial assets to invest in an electric gatoe end up being squeezed out of the
financial market and unable to borrow to expandipotion. In these sectors, the probability
that firms invest in a generator only depends mastltheir level of initial assets; it is not (or
less) affected by the prevalence of outages. Isetlsectors, we see a number of large firms

with investments in complementary capital (powearagator) and few small formal firms.

The policy implication hence seems to be that theripy to improve performance in
sectors that naturally rely heavily on electricity to relax financial constraints before
addressing physical ones, because firms activéaaset sectors will have to invest in own
generating capacity in order to avoid costly pradurcinterruptions and their ability to do so
depends primarily on their access to the crediketaOn the other hand, at least as long as
(close to) full reliability is not obtained, marginimprovements in the quality of electric
supply will have little effect, as they will be uficient to spur meaningful entry of small
firms to the market, while leaving large firms uieated.
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It is in sectors for which the first-best technoloig very reliant on electricity that
deficient supply will induce the biggest distortipras firms will face the choice of invest in
costly generators or settle for second-best tedgned implying large efficiency gaps.
Targeting these sectors with policies easing treescto credit, for example through the
provision of credit guarantees for firms investimgelectric generators, might have large

payoffs if it allows for sector-wide technologi@justments towards the efficiency frontier.

By contrast, in sectors that are less reliant @ttatity, the probability to invest in a
generator is positively affected by the prevaleocpower outages, and it is also affected by
financial constraints, though less strongly thafokee In addition to a number of large firms
with investments in complementary capital, a langerge of small firms manage to access
the credit market and produce formally, despitehasing invested in a generator, and whose
technology is closer to the frontier. For thesenfiy improvements in electric supply are

likely to have significant positive payoffs.

Both sets of implications could theoretically bedabsed by a policy mix targeting the
relaxing of credit constraints to large firms willj to invest in electricity generator (specific
public loans or guarantees for example) while alh@aMor the resale of this electricity to
small firms around therff. However reselling electricity to the grid is nbetgeneral practice
for enterprises in developing countries. It regsia legislative and/or regulatory enabling
framework and, more importantly, economic incergif@r utilities and private firms, which
is not automatically the ca$&. While co-generation (for example, from bagassesbyar
producers) is easier to accommodate because & bai®o marginal cost, this usually involves
considerable negotiations because of seasonalityiacertainty in terms of volume. Another
consideration highlighting the difficulty to succeaith such arrangements relates to the
reason for which firms purchase their generatorshan first place. They are either large
enterprises wanting to be independent from the fgniceconomic or security reasons (e.g.,
refineries or mining companies)—and therefore hgwittle incentive to sell small volumes
to the grid—or small and medium enterprises whieledhstand-by generators in case of
outages or to ensure high reliability of power dupp

22 See the discussion in Lee, Anas and Oh 1996 ahédnAnas, Verma and Murray 1996.
% Most firms' generators run on diesel and theirgimal cost is much higher than that of large puhbtilities
using fossil fuel-fired power plants, even wherr¢hare large line losses.

25



If reselling electricity to the grid is not feasthla policy of charging different electricity
prices for large and small firms is a possibilis mentioned earlier, there are important
scale economies in own-power generation so thallemfiams would be willing to pay much
more for public power than larger firms. Instead @¥ing quantity discounts, public
monopolies should charge larger firms more and lemétms less than they presently do.
As pointed out by Lee, Anas, Verma and Murray ()986countries where large firms have
excess capacity like Nigeria, they could make isiten use of their idle power generating
capacity while, in countries where firms are expagdike Indonesia, they would enlarge
their facilities. In both types of countries, smadlers would realize savings by having to rely
less on expensive power generators. The evidencevared in this paper adds to the

potential rationale for such an approach.
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Appendix.

Table Al: List of surveyed countries

Number of Number of
Country Year of survey firms Country Year of survey firms
Albania 2002 / 2005 364 Lebanon 2006 331
Algeria 2002 552 Lesotho 2003 56
Angola 2006 356 Lithuania 2002 / 2004 / 2005 643
Armenia 2005 522 Madagascar 2005 240
Azerbaijan 2002 / 2005 520 Malawi 2005 144
Bangladesh 2002 964 Malaysia 2002 759
Belarus 2002 / 2005 542 Mali 2003 127
Benin 2004 170 Mauritania 2006 212
Bosnia and Herzegovina 2002 / 2005 370 Mauritius 0520 199
Botswana 2006 133 Moldova 2002 / 2003 / 2005 625
Brazil 2003 1,634 Mongolia 2004 195
Bulgaria 2002 / 2005 548 Montenegro 2003 32
Burkina 2006 118 Morocco 2004 276
Burundi 2006 234 Namibia 2006 85
Cambodia 2003 360 Nicaragua 2003 449
Cameroon 2006 108 Niger 2005 115
Cape Verde 2006 43 Oman 2003 78
Chile 2004 930 Pakistan 2002 964
Costa Rica 2005 337 Peru 2002 347
Croatia 2002 / 2005 413 Philippines 2003 668
Czech Republic 2002 / 2005 609 Poland 2002 / 205 1,580
Democratic Republic of Congo 2006 300 Portugal 2005 503
Ecuador 2003 451 Romania 2002 / 2005 855
Egypt 2004 938 Russia 2002 / 2005 1,096
El Salvador 2003 457 Senegal 2003 210
Eritrea 2002 74 Serbia 2003 408
Estonia 2002 / 2005 388 Serbia & Montenegro 2005 546
Macedonia (FYROM) 2002 / 2005 342 Slovakia 200202 380
Georgia 2002 / 2005 374 Slovenia 2002 / 2005 411
Germany 2005 1,196 South Africa 2003 384
Greece 2005 538 South Korea 2005 598
Guatemala 2003 455 Spain 2005 604
Guyana 2004 148 Swaziland 2006 212
Honduras 2003 443 Syria 2003 421
Hungary 2002 / 2005 796 Tajikistan 2002 / 20030220 473
India 2006 3,788 Tanzania 2003 211
Indonesia 2003 713 Thailand 2004 1,163
Ireland 2005 498 Turkey 2002 / 2004 / 2005 2,321
Jamaica 2005 71 Uganda 2003 268
Kazakhstan 2002 / 2005 835 Ukraine 2002 / 2005 973
Kenya 2002 / 2003 247 Uzbekistan 2002 /2003/2005 659
Kyrgyzstan 2002 / 2003 / 2005 474 Vietnam 2005 a,61
Laos 2006 236 Zambia 2002 206
Latvia 2002 / 2005 380 Total Number of Firms 46,606
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Table A2: Description of the variables used in thanalysis

Variable Name

Related Survey Question

Codification

Number of workers

Average number of permanent wsrke

Age of the firm is computed as the
difference between the year the survey was

Age of firm In what year did your firm begin opeaats in this country? made the year in which the firm began
operations.
Small firms have strictly less than 20
Fi . employees, medium firms have between 20
irm size -

and 99 employees, large firms have more
than 100 employees.

Industrial sector

In which economic sector does ystiablishment mainly operate?

A dummy is created for each of the 28
sectors.

Capital City

Where are this establishment and ymadquarters located in this country?

If the answer is the capital city of the
surveyed country then dummy =1 and 0
otherwise.

Firm exporting status

What percent of your establishment’s sales arsol) domestically; 2)
exported directly; 3) exported indirectly (throualdistributor).

If more than 20 percent of sales are
exported directly or indirectly then dummy
=1 and 0 otherwise.

Firm ownership

What percentage of your firm is owned by: 1) domegstivate sector; 2)
foreign privates sector; 3) government or statejtéder?

If more than 20 percent of the firm is
owned by the foreign private sector then
dummy = 1 and 0 otherwise.

Number of power outage

During how many days last year did your establightresperience power
outages or surges from the public grid?

Generator ownership

Does your establishment ovehare a generator?

Yes, Dummy=1 ; No, Dummy=0

Electricity is a severe or major
constraint

Tell us if electricity (e.g. interest rates) istalpem for the operation and
growth of your business. If this issue poses alpmbjudge its severity as an
obstacle on a four-point scale where: 0 = No oltstdc= Minor obstacle; 2 =
Moderate obstacle; 3 = Major obstacle; 4 = Verye3eObstacle.

If this obstacle is a major one (3) or a very
severe one (4) then dummy =1 and 0
otherwise.

100 percent of working capital
financed through internal funds

Identify the contribution over the last year of lead the following sources of
financing for your establishment’s working capital.

If 100 percent of the contribution comes
from internal funds or retained earnings
then the dummy = 1 and O otherwise.

100 percent of new investment
financed through internal funds

Identify the contribution over the last year of lead the following sources of
financing for your establishment’s new investments.

If 100 percent of the contribution comes
from internal funds or retained earnings
then the dummy = 1 and O otherwise.

Access to financing is a severe or
major constraint

Tell us if access to financing (e.g. collateralqigroblem for the operation and
growth of your business. If this issue poses alprobjudge its severity as an
obstacle on a four-point scale where: 0 = No oltsthe Minor obstacle 2 =
Moderate obstacle 3 = Major obstacle 4 = Very Se@stacle.

If this obstacle is a major one (3) or a very
severe one (4) then dummy =1 and 0
otherwise.

Tell us if cost of financing (e.g. interest ratesa problem for the operation an

Cost of financing is a severe or major growth of your business. If this issue poses alprobjudge its severity as an

constraint

obstacle on a four-point scale where: 0 = No oltsthe Minor obstacle 2 =
Moderate obstacle 3 = Major obstacle 4 = Very Se@stacle.

qf this obstacle is a major one (3) or a very

severe one (4) then dummy =1and 0
otherwise.

Overdraft facility or line of credit

Do you have awerdraft facility or line of credit?

Yes, DummysNo, Dummy=0

Total Cost

Sum of purchases of raw materials, cost of enengst, of labor, interest costs,

rental costs (machinery, equipment, land, buildinghicles), royalty or license -

fees) and other costs.

Cost of electricity

Value of electricity consumptifor a year.

Expressed in Dollar of the year in which the
survey was made.

Cost of labor

Manpower costs including wages, salaries, allowsncenuses and other
benefits.

Expressed in Dollar of the year in which the
survey was made.

Cost of energy

Consumption of energy including teleity, fuels and others.

Expressed in Dollar of the year in which the
survey was made.

Cost of generator (% energy cost)

Percentage ofgmests to run generator.

Interest costs

Interest charges and financial fees.

Expressed in Dollar of the year in which the
survey was made.

Other costs

Overhead expenses, selling and geatirahistration expenses or design dep

Fxpressed in Dollar of the year in which the
survey was made.

NB: All questions are related to the year precedimg survey

28



Table A3: Summary statistics for all firms

Mean Median Minimum Maximum S.D Observations

Number of workers 132.63 22 0 31,664 484.63 45,860
Age of firm 16.60 11 0 261 19.06 45,348
Number of power outage per year 27.57 3 0 7,355 0891. 46,606
Generator Ownership (% of firms with a generator) 4.92 0 0 100 47.67 25,043
Cost of electricity (% total costs) 7.41 3 0 100 .0B 10,327

% of firms’ working capital financed through intafrfunds 62.12 77 0 100 39.73 45,326

% of firms fully financed through internal funds .80 0 0 100 49.05 45,326

% of firms quoting access to finance as severeajomntonstraint 25.80 0 0 100 43.75 44,711
% of firms quoting electricity as severe or majonstraint 18.60 0 0 100 38.92 46,332

Table A4 provides information on access by firmsthie credit market. Interestingly,

most “objective” measures of credit constraintsgate that small firms are suffering more

than their larger counterparts, while perceivedst@mts are more stringent for medium

firms. When disaggregating by generator ownership @erception of electricity constraints

respectively, firms without generator and firmsfethg from electricity constraints appear

to be more concerned by access and cost of finance.

Table A4: Credit constraints by firm characteristics

% of firms quoting
Access to finance as Cost of finance as

% of firms quoting

% of firms' working
capital financed

% of firms' new
investment financed

% of firms with
100% of working

% of firms with
100% of new

severe or major severe or major through internal through internal capital f|_nanced mvestmen't financed
constraint constraint funds funds throufgh internal through internal
unds funds
By firm size
Small 19,3% 31,4% 68,4% 54,2% 47,4% 44,6%
Medium 22,7% 36,3% 58,2% 50,8% 35,2% 38,1%
Large 19,9% 31,2% 53,4% 49,8% 30,3% 35,2%
By generator ownership
With generator 23.3% 35.1% 53.5% 50.7% 30.0% 37.0%
Without generator 26.2% 40.4% 56.1% 44.2% 35.4% 34.0%
By perceived severity of electricity constraint
Major or severe 40.1% 47.4% 59.1% 57.5% 37.5% 42.3%
Mild 17.1% 28.5% 62.6% 52.1% 39.8% 40.3%
TOTAL 20,7% 32,3% 60,7% 51,7% 38,7% 39,7%
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