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Abstract
This paper suggests that low-quality provision of crucial public services can slant the playing field against small firms, securing rent streams for oligopolistic incumbents. The logic is based on the scale economies inherent in self-provision of key inputs like electricity in environments in which centrally-provided services are unreliable. This is demonstrated in a simple homogenous-products oligopoly framework with heterogeneous technologies, an explicit model of electricity service and a fixed set of large incumbent firms facing potential entry. The relationship between service quality and the incentives of service providers is briefly discussed; the most interesting possibility is that incumbent firms may bargain with providers of public services for (inefficient) preferential treatment that keeps the playing field asymmetric. This story is consistent with the well-known “missing middle” phenomenon in least-developed countries, and may contribute to weak product market competition and high prices.

1 Introduction
The quality of public services in least-developed countries is often abysmal. As field researchers know, power outages are a near-daily occurrence in many places, including many African countries and most regions of India (Figure 1). Transport infrastructure tends to be worn and unreliable. Telecommunications services were often characterized by service interruptions, high prices and long waiting times for connections until the recent introduction of cellular service. 

This paper suggests that some types of service shortfalls – in particular, those which lead many businesses to produce the relevant inputs in-house – may have systematic effects on the viability of small firms. The classic example is energy. In industries which require electricity-intensive technologies, firms use private generators when public power goes offline. Because electricity generation is associated with sharp economies of scale, poor public electricity service imposes much higher costs on small firms than on large firms in electricity-using industries, resulting in higher prices and greater market share for large firms. The argument can be viewed as an offshoot of older work on the technological determinants of market structure, but where effective scale economies are influenced by the environment in which firms operate.
This logic is illustrated in a simple homogenous-products oligopoly model with a fixed set of large incumbent firms facing potential scale-constrained entrants. Firms choose from production technologies with varying electricity requirements and decide whether or not to purchase an electricity generation technology. Under certain conditions incumbent firms’ equilibrium profits and market share are non-monotonic in the reliability of centrally provided electricity, as the latter intensifies competition by lowering their small rivals’ costs more than their own. 

The strength of this effect depends centrally on the industry-specific productivity advantage of technologies which use electricity intensively. For example, markets for handicrafts or simple textiles which can be produced cost-effectively with hand-powered tools are little affected, while markets for complex, high-value products which require continuous-process manufacturing technologies are sharply affected. By translating economies of scale in the self-provision of intermediate inputs into economies of scale in the production of outputs, and doing so with differential force depending on the input requirements of an industry, the cost and reliability of centralized electricity service thus may have significant and predictable downstream impacts on market structure. Similar results would obtain for other inputs with similar features, like security.
The latter part of the paper endogenizes the quality of the electricity supply, examining the incentives of public service providers. Unregulated utility monopolists will charge high prices but will avoid systematic quality shortfalls, resulting in a level playing field. Regulatory schemes imposing low prices in an under-capacity environment naturally result in quality shortfalls. Perhaps most interesting is the possibility that incumbent firms may bargain with the utility for (inefficient) preferential treatment that keeps the playing field asymmetric. Hence the paper offers a potentially serious source of misallocation of resources in an economy.

This story may provide an additional explanation for the “missing middle” phenomenon
 seen in least-developed countries.
 In particular, one often observes large firms dominating markets for manufactures and processed products; small and medium competitors are often scarce. Large numbers of tiny informal firms exist, but these primarily provide small-scale distribution and non-traded services, rarely competing with formal firms. As a result, domestic product markets are concentrated and oligopolistic, with healthy profits for large incumbent firms but a distinct lack of competitive innovation and dynamism.
 These patterns are most stark in, but by no means limited to, sub-Saharan Africa. Interestingly, ministers at the 2006 African Development Bank meetings cited chronic power shortages across Africa as undermining investment and growth. They also expressed concern that “poor power, phone and road services contributed to the missing middle - referring to the fact Africa has a number of large conglomerates and millions of tiny businesses owned by families or individuals, but little in between.”
 
Section 2 briefly discusses literature on the size distribution of firms in poor countries. Section 3 elaborates the concepts introduced above and provides some basic evidence for the relevance of its conditions. Section 4 lays out a simple model which demonstrates the mechanisms at work. Section 5 endogenizes the quality of electricity supply and discusses some political economy implications. Section 6 concludes, suggesting future directions for research.
Figure 1. Frequency of power outages (annual), by country
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2 The Missing Middle and the Size Distribution of Firms
Most research on the size distribution of firms focuses on developed countries, where it tends to be roughly lognormal in the cross-section. Early papers like Viner (1932) focused on the role of economies and diseconomies of scale and scope. Lucas (1978) described the evidence against Viner’s theory as an explanation of the size distribution of firms (as opposed to plants or stores) as overwhelming, and proposed an alternative idea, that the size distribution of firms may be a simple function of the underlying distribution of managerial talent.
Newer studies based on panel data illustrate more detail. In developed countries, individual cohorts usually enter with left-skewed distributions, which then flatten out over time as some firms grow and others exit. Cabral and Mata (2003) suggest that the life-cycle size distribution of cohorts of firms reflect financial market imperfections, with young firms starting off constrained by the wealth of their owners and survivors overcoming those constraints over time. Their work builds on research like Evans and Jovanovic (1989), Cressy (1996) and others which demonstrate that financial constraints restrict young firms’ investment decisions. However, the distribution of firm-level productivity displays similar patterns over time, so financing constraints probably do not tell the whole story; see Roberts and Tybout (1996) and Aw, Chen and Roberts (2001).
In contrast, the firm size distribution in very poor countries tends to be heavily left-skewed even in the cross-section, with a second, smaller mode at the right end. Hence the missing middle. Figure 2 illustrates this pattern in the Nicaraguan industrial census. Tybout’s (2000) survey of the literature on manufacturing in developing countries cites evidence of the missing middle phenomenon from several continents. Policy literatures also refer to this phenomenon extensively, expressing concern about its implications for competition and social mobility; see the UNCTAD Least Developed Countries Report 2006. The missing middle phenomenon is also also associated with weak competitition in product markets dominated by large firms.
The skewed size distribution in poor countries is paralleled by evidence on firm performance. Van Biesebroeck (2005) finds that small formal-sector firms in sub-Saharan Africa rarely grow to reach the top of the size and productivity distribution, unlike in more developed countries. Large firms appear more productive everywhere,
 but the gaps are the most stark in very poor countries, especially in sub-Saharan Africa. Large firms in Ghana are significantly less likely to exit than small firms even controlling for age and productivity (Frazer 2005).

The literature does not provide a satisfying explanation for these patterns. Lewis’s notion of the distribution of managerial talent echoes the instincts of development economists; entrepreneurial skills are certainly scarce in very poor countries, particularly in those with legacies of violent conflict or state ownership. However, the returns to managerial skill in such a context should be very high, and with countries of ten or twenty million people it is difficult to believe that scarcity of potential managers alone limits the formal private sector as much as is evident in sub-Saharan Africa. Credit constraints in of themselves might slow the growth of smaller firms, but should not prohibit them from competing with larger firms in industries without large economies of scale. Several authors are skeptical of the role of credit constraints in explaining the woes of small firms in developing countries, e.g. Kochar (1997). Other arguments about small market size have bearing on weak competition but not on the dominance of large firms per se.

Over-regulation in poor countries offer a more plausible story. Small and medium enterprises may be too large to escape notice by corrupt government officials but too small to buy them off; see Doing Business 2006. The failure of bureaucrats to adequately price-discriminate among firms of different sizes causes firms which otherwise could grow to remain tiny and informal. This can be viewed as a form of rent-sharing between regulators and large incumbent firms, who earn anticompetitive rents because of the effective entry barriers created by over-regulation.
Figure 2. Illustration: The Missing Middle in Nicaragua
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Source: Nicaragua Urban Economic Census. Figure from Paul Davidson. Large firms = 100 or more employees.

In general, credit constraints combined with non-convexities in production offer a potential mechanism for anticompetitive markets in which large incumbent firms systematically dominate entrants. If credit constraints restrict the potential size of entrants in an environment which is hostile to small firms, it is very difficult for entrants to compete. The argument of this paper relies on such a mechanism: if centrally available electricity or similar inputs have high cost and low reliability, then the possibility of firms self-providing the relevant inputs creates economies of scale, which protects incumbent firms from competition if entrants are scale-constrained.
3 Infrastructure, Costs and Economies of Scale

This section provides a heuristic overview of the argument and provides some evidence that the underlying assumptions are relevant in the types of environments under consideration.

3.1 The Basic Logic
The notion that infrastructure plays a role in competition and market structure is not new. It is well-known that poor internal transport systems segment markets and insulate local producers, resulting in weak competition and smaller average firm size.
 The argument here is different. Consider the class of intermediate inputs with the following three characteristics:
C1: Rivalry. Firms capture the full benefit of self-production of the input.

C1: Economies of scale. High cost of provision of the intermediate input on a small scale.
C3: Low substitutability. The elasticity of substitution between the intermediate input and other inputs is low or negative.
Electricity is the best example of an input meeting C1-C3. Firms can capture the full benefits of electricity they produce using private generators; per-kilowatt-hour costs of private electricity generation fall dramatically with scale; electricity is typically complementary to capital inputs and in many industries is not easily substitutable for other inputs. Security is also a good candidate, as the cost of providing security to a large facility rises less than proportionally with the size of the premises, which is the basic logic of centrally-provided police services. Transport infrastructure is the best example of a high returns to scale input which generally fails the rivalry condition, except on a truly massive scale: it is worth noting that some mining conglomerates in Africa build their own direct-to-port railway lines.
Returning to electricity, the argument follows directly: (i) firms cannot easily substitute other inputs for electricity, by C3; (ii) firms have incentives to self-provide electricity when centralized electricity service is poor, by C1;
 and (iii) large firms can self-provide electricity much more cheaply than small firms, by C2; therefore (a) lower quality of centralized electricity services increases the production costs of small firms more than that of large firms, and (b) the magnitude of the effect in a particular industry is determined by the productivity advantage of electricity-using technologies relative to non-powered technologies (the natural electricity intensity of the industry). Poor central electricity service effectively creates artificial scale economies which act as an informal entry barrier to small firms, resulting in low viability of SMEs and larger firm size.
 If the number of large domestic incumbents is small, this also reduces competition.
Extensions of this argument generate more implications. Electricity, communications and similar  inputs are used intensively in modern technologies and tend to be complementary to capital (Bernt and Wood 1975) and skilled labor. Hence their poor reliability may cause small firms to use ‘backwards’ technologies. While small firms can avoid the direct costs of poor electricity systems by using hand-powered machines or hand tools, the productivity of such technologies is very low and the fact that firms can and do adopt them in response to poor electricity systems can hardly be viewed as evidence that electricity systems are unimportant. Indeed, one of the most important questions in growth theory is why better technologies do not diffuse more rapidly to poor countries; one answer may be that advanced technologies use infrastructure-related inputs relatively intensively.
 Such effects on technology choice may also play a role in depressing the demand for skilled labor, and more broadly, may have major negative impacts on aggregate productivity through complementarities (e.g. Jones 2005).
3.2 Empirical Relevance of the Conditions

It is worth commenting on the empirical content of the conditions under which the argument holds to convince the reader of their plausibility. To begin with, classical economic analyses of firms think of capital, labor and raw materials as the key inputs in production; one might be skeptical of the calibrational plausibility of an argument which posits large effects of the cost and quality of other inputs. Two responses to this point are in order. First, in very poor countries, indirect costs for inputs other than capital, labor and raw materials account for 15-30% of manufacturing firms’ costs, dwarfing labor costs in some (Eifert, Gelb and Ramachandran 2006); see Figure 1. In value terms, most of these inputs are associated with infrastructure and public services: in Kenya, energy accounts for 35% of indirect costs on average, transport for 16%, communications for 8%, and security expenditures for 5%. These magnitudes suggest the costs of indirect inputs can indeed be a source of significant competitive advantage or disadvantage.

Second, the reliability of the electricity supply has sharp implications for productivity. Firms with electricity-using technologies cannot operate when the power is out unless they run a generator. In countries where power outages occur on a near-daily basis (see Figure 2) firms which depend on the public grid must maintain excess capacity relative to what would otherwise be necessary to produce their target output. This contributes to low capacity utilization among manufacturing firms in very poor countries, which tends to be in the 50-60% range compared to 80% or more in major manufactures exporters (Eifert and Ramachandran, 2004). If outages are unpredictable, firms are also stuck paying labor which is useless whenever the power goes out. 

Another calibrational concern may be the degree of scale economies inherent in self-provision of services like electricity. Figures 3 and 4 provide data from Cummins on the fuel efficiency and purchase price per kW capacity of diesel generators. The purchase price of Cummins 60hz industrial diesel generators ranges from the equivalent of $1,214 per kW for a 6.8 kW prime-rated unit to the equivalent of $155 per kW for a 1825 kWh prime-rated unit, and the fuel efficiency of a 7-15 kW generator is in the range of 0.11 gallons of diesel fuel per kWh compared to 0.065 gallons per kWh for larger units. The operating life of larger units is also longer. Altogether, the average cost of electricity from a generator larger than 400kW is roughly $0.20 per kWh, compared to roughly $0.60 per kWh from a 7.5kW generator.
 Big generators are still expensive compared to the $0.05 – $0.07 range for electricity from most public grids but nonetheless produce at around one-third of the cost of small-scale generation. In addition, generator costs are heavily front-loaded in the purchase price, so the real cost to small firms in developing countries facing very high interest rates is correspondingly higher.

Finally, one might imagine small firms co-producing and sharing inputs like electricity, or private firms responding to poor government services by providing services to the market on a large scale. The latter is simply illegal in most countries; utility monopolies rarely appreciate competition. In Nigeria, any firm wishing to import a generator – even for purely private use – must obtain a license from the government utility monopoly itself. As for the former, it is legal in principle, but difficult in practice for two reasons. First, contracts between firms are difficult to enforce in very poor countries; courts take years to complete cases and lawyers are far too expensive for small firms to hire. This is complicated further by the difficulty of monitoring the quantity of electricity used by individual firms sharing a generator. In practice, even in retail districts of African capital cities where generator-sharing between neighboring shops might be easier, one often sees a small generator running outside each and every shop.
Figure 1. Cost Structures of Manufacturing Firms, Firm-Level Average by Country
[image: image3.emf]0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.00

Bangladesh2002

Guatemala2003

India2002

Senegal2003

Syria2003

Honduras2003

Nicaragua2003

China2003

Morocco2004

Uganda2003

Ethiopia2002

Nepal2000

ElSalvador2003

Bolivia2000

Nigeria2001

Egypt2004

SriLanka2004

Peru2002

Kenya2003

Tanzania2003

Zambia2002

Eritrea2002

Mozambique2001

raw materials

labor

finance

indirect costs


Source: Eifert, Gelb and Ramachandran (2006)
Figure 3. Diesel generator capacity (kW, prime output rating) versus fuel efficiency, log scale
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Source: Cummins Power specification and data sheets for 60hz diesel generator sets, www.cummins.com.
Figure 4. Diesel generator capacity versus purchase price ($ per kW prime rating), log scale
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Source: Cummins Power specification and data sheets for 60hz diesel generator sets, www.cummins.com.
Figure 5. Private generator ownership, large firms (100+ employees) versus SMEs
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Source: World Bank Investment Climate Surveys, 2000 – 2005
4 A Simple Model
This section illustrates the way the quality of electricity supply disproportionately increases small firms’ costs and the resulting implications for competition and equilibrium outcomes. The next section lays out a simple model illustrating the above logic. While the results are fairly general, the model is framed with respect to electricity and uses simplifying assumptions to maximize clarity and transparency. 

4.1 Basic Setup

The model is a static oligopoly game with technology choice and potential entry. First, potential entrants decide whether or not to enter a market occupied by a set of incumbent firms. Second, firms in the market invest in capacities and choose technologies. Third, firms compete on price subject to the capacity constraints and technologies chosen in the previous phase. The outcome in most regards mimics a potentially asymmetric Cournot-Nash game with entry.
 Several special features of the model are adopted for analytical convenience, but the basic results will hold in any quasi-competitive oligopoly setting in which firm profit (industry output) is a smoothly decreasing (increasing) function of the number of firms in the market.

Demand. Consider a small market for a homogenous manufactured good with a relatively elastic demand assumed to be linear for simplicity: 
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, where Y is total market output.
Firms. There are J identical incumbent firms j in the market, with outputs
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. Assume the incumbents have access to credit and/or sufficient retained earnings to cover capacity investments over the relevant range for the market. Think of these firms as well-established, oligopolistic and profitable, and their number as small. One way to interpret the assumption of a “small” number of large incumbent firms is as ex-state-owned enterprises in the context of transitions from heavily regulated economies.

Potential indigenous entrants are indexed by k. These are the SMEs which can enter and compete with larger incumbents. Assume that entrants are constrained at start-up to a capacity of 
[image: image9.wmf]z

or less: we can think of this as arising from financial market imperfections, lack of managerial capital like in Lucas (1978), convex adjustment costs in a dynamic framework, or some other source of “smallness”. Note that entrants must not be able to seamlessly reach the scale on which the incumbents operate, or the mechanism offered here has no bite.

Production technologies. There are two production technologies 
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 available, a traditional technology t and a modern technology m. The former uses labor alone, according to the production function 
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 an (inverse) productivity parameter. The latter uses labor and an indirect input (electricity), with 
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. That is, the modern technology is labor-saving but requires an intermediate input.
Capacities. Firms initially invest in capacities and subsequently are restricted to produce at or below their installed capacities: 
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. The user cost of capacity is 
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, assumed for simplicity to be the same across technologies. The key assumption is that entrants are constrained to a maximum of 
[image: image16.wmf]z

 units of capacity.
In order to capture the notion of a small market as simply as possible, it is assumed that a minimum scale (MS) constraint bounds the production of each firm below at
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. It would suffice to assume fixed costs or increasing returns to scale in the basic production technologies over some range, hence determining 
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 endogenously, but formulation is a very useful simplifying device and produces results that are qualitatively identical.
Phases.
1. Equilibrium among the J incumbents is characterized as the status quo;

2. Firms enter until the marginal entrant makes zero profits upon entry;

3. Firms in the market choose technologies hi and capacities zi;

4. Prices pi are chosen in Bertrand price competition;

5. Profits are realized.
In the static model, a no-entry equilibrium is a symmetric equilibrium among incumbents only, and a free-entry equilibrium is a potentially asymmetric equilibrium in which entrants come in until the marginal entrant makes zero profits upon entry. 
4.2 Benchmark Case: No Private Infrastructure

Suppose that electricity is only available from a monopolist utility supplier, so that the production technologies available are t (traditional technology) and mn (modern technology, no generator). Central electricity service has two characteristics: (i) it is available for a fraction q of the day, and (ii) it carries an unit price
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. The availability parameter q captures the fact that many electricity customers in poor countries only receive electricity part of each day, sometimes in a predictable pattern and sometimes not. Here, a firm using an electricity-dependent technology and relying solely on the public grid can produce a maximum output of qz, but must pay the full cost of labor inputs for producing z units of output. This corresponds to an unpreditable electricity supply and a corresponding inability to schedule labor around known outage periods, which is a common environment in very poor countries. Hence the inefficiencies associated with an unreliable electricity supply include the costs of idle labor and idle capacity.

Under these assumptions, firms using the traditional technology have cost functions 
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, and firms using the modern technology have costs 
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. The technology choice problem is identical for all types of firms because of constant returns to scale, so all firms use the modern technology if 
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 and the traditional technology otherwise.
Once capacity is installed, Bertrand price competition will result in firms producing at their effective capacities 
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, e.g. installed capacity for firms using traditional technology or installed capacity times q for firms using modern technology. The market price is that which sets demand equal to the sum of effective capacities. See Kreps and Scheinkman (1983) for elaboration of this argument. Also note that we do not have to worry about the case in which firms make negative profits at the market price because there is no uncertainty in this problem: such firms will not enter in the previous period.
Knowing all this, firms which have entered the market choose capacities and technologies to maximize profits. We can think of firms as choosing
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, their production in the subsequent phase, which is equivalent to choosing effective capacity 
[image: image27.wmf]()

l

zh

%

. Each firm solves the problem:

[1]
 
[image: image28.wmf](

)

max()

i

iiiii

y

pyYmcy

pa

-

=-+-




[image: image29.wmf],

ijk

=


Where 
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 is the total production of the other firms in the market. Assume that 
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 so that the industry exists. Let 
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 be the total industry output under competitive (price equals marginal cost) behavior. To simplify notation, let 
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 be a collection of the parameters of the model. With no entry, the initial symmetric Cournot equilibrium among incumbents is given by:
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In the final stage entry occurs. In this constant returns world, small indigenous firms can match large incumbents’ production costs, so they enter until they (and hence, all firms) make zero profits. That is, we have the following result:
Claim 1: if the available technology set is 
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 in equilibrium, and the number of entrants is 
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The proof (appendix 1.1) relies on the fact that profits in a Cournot equilibrium can never be zero if the minimum scale constraint does not bind. The intuition is that cost symmetry and free entry for indigenous firms leads to an approximately competitive outcome. The equilibrium is closer to atomistic perfect competition the smaller is 
[image: image43.wmf]y

)

 and the larger is the market (
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We conclude that free-entry equilibrium requires that the minimum efficient scale constraint is binding: 
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, and ignoring integer constraints, 
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. With constant returns to scale there is no incumbency advantage, so the equilibrium is competitive and socially efficient.

4.3 Basic Model with Private Infrastructure
Now suppose that, in addition to their choice of production technology, firms have access to a private infrastructure technology (here a generator). They can use the public grid as before, but now they can also privately generate electricity when the private grid is offline. Private generation of electricity is associated with a fixed cost of F and a variable cost of x per unit of e.
 Assume that 
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, as is the case in almost anywhere: when one can get power from the public grid, its price is lower than the cost of private generation.
Now there are three available technologies 
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: a traditional technology as well as a modern technology with or without a generator, with cost functions 
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. Firms consider whether to incur the cost of generator ownership and operation, the efficiency losses associated with dependence on the public grid, or the productivity disadvantage of traditional technology.
As above, the choice between the traditional and modern no-generator technologies follows immediately from technological parameters and prices: traditional technology dominates if 
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, and vice versa. The worse the quality of the public grid, both in terms of its reliability q and its effective cost v, the more attractive the traditional technology. In contrast, the modern technology combined with a generator has convex costs. Define: 
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Past the output threshold
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, the modern technology with a generator is the least-average-cost technology. The first object inside the braces is the output level such that  
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. In the denominator, the first term is the cost advantage from being able to operate at full capacity. The second is the variable cost advantage of power from the public grid (when available) over generator-produced power. The second object inside the braces is the output level such that 
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. In the denominator, the first term is the productivity advantage of the modern technology. The other two terms are the cost of electricity, with fraction q from the public grid and (1-q) privately generated. If the per-unit cost advantage of using a generator multiplied by total production exceeds the fixed cost of the generator in both cases, then the modern technology supplied by a generator is the least-average-cost technology.
Figure 6 illustrates firms’ choice of technology. Fix v and imagine it is relatively low, as is the case in most places. At a small scale, firms cannot self-provide electricity cheaply, so the non-generator technologies dominate. Which one is lower-cost depends on q and
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 is the least-average-cost option up to some very high level of production. The left panel corresponds to an environment in which q is low and 
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 will be cost-effective at some moderate level of production.

The intuition is straightforward. On a small scale, self-generation of electricity is simply not economical. When centrally provided electricity is inexpensive and reliable, small firms are able to profitably use higher-productivity electricity-requiring technologies. When public grids are highly unreliable, small firms are forced into using backwards technologies which avoid relying on electricity, while large firms are able to generate their own electricity supply cheaply enough to use the modern technology, attaining a lower average cost level than small firms. This builds a new dimension of economies of scale into any industry where electricity-reliant technologies are more productive than traditional technologies. 
Figure 6. Technology Choice

[image: image66]
First, we characterize the symmetric no-entry equilibrium with J incumbents, which one can think of as the status quo or initial conditions of the market:
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Where 
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Now, suppose that indigenous firms may enter the market up to the point where the marginal entrant earns negative profits, and consider the resulting asymmetric equilibrium with J incumbents and K entrants.

If 
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, then individual entrants can match the scale of incumbents. If 
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 then incumbents are too small to profitably use generators. In either case the distinction between incumbent and indigenous firms in the model is irrelevant and the equilibrium outcome is symmetric and approximately competitive. Hereafter, assume that
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 unless otherwise specified.  Note that this condition is substantive: in some environments it may fail, as in the case of a low-cost and perfectly reliable centralized power system in which 
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As above, the parameters fully determine the choice between the traditional technology and the modern technology with no generator: firms use the former if 
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 and the latter otherwise. In addition, if 
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 then the incumbent firms use the modern technology with a generator. Consider the following cases:

Case 1: 
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. Here the public grid is expensive and/or unreliable enough relative to the productivity advantage of modern technology that firms using the public grid use 
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. However, incumbent firms can profitably use 
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. In this case, indigenous firms are capacity-constrained and also technology-constrained; they cannot reach the scale necessary to overcome the high costs of electricity inputs, but incumbent firms can. The incumbent firms hold an average cost advantage over the indigenous entrants which is equal to 
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, the difference between the unit labor cost savings of the modern technology and the average cost of electricity required to supply the modern technology under 
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Case 2: 
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. Here the public grid is reliable enough that indigenous entrants can profitably use the modern technology, though they are still at a cost disadvantage because of the scale economies of generators. The incumbent firms hold an average cost advantage over the indigenous entrants equal to 
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, where the first term is the advantage from being able to operate at full capacity, and the second is the variable cost disadvantage of generator-produced-power relative to power from the public grid, when you can get the latter.

Other parameter configurations give rise to other cases, but the above are the most interesting to us, as small indigenous firms are constrained in their technology choices relative to incumbents and hence are at a cost disadvantage.
 All else constant, Case 1 corresponds to a worse infrastructure environment than Case 2, as the former is characterized by 
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 in the latter. Industries with high values of 
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, in which traditional technologies simply cannot be cost-effective, fall immediately into Case 2.

First, we state a result which is analogous to Claim 1 one above, and an immediate corollary.
Claim 2: If the technology set is 
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, if any indigenous firms enter, all indigenous firms produce 
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 in equilibrium.
The intuition here is almost identical to that above. Because indigenous firms cannot profitably use generators, they all have the same constant marginal costs, and hence will produce the approximately competitive outcome amongst themselves. This is only possible if the indigenous firms in the market are no longer able to maintain positive profits by cutting their production. If indigenous firms are producing above MES, one can show that they must be earning positive profits regardless of their number, which contradicts the definition of free-entry equilibrium. 
Formally, if J incumbents and K indigenous entrants choose production with 
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 which is strictly positive for any K. In contrast, if 
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 it is straightforward to solve for the quantity K which satisfies free-entry equilibrium:
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. Therefore any free-entry equilibrium in which K > 0 must have
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Claim 3: As long as 
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, if any indigenous firms enter, the equilibrium market price and quantity are pinned down: 
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Entry among indigenous entrants ceases when the marginal entrant’s profits are zero. With constant-returns technologies among entrants, the market price in free-entry equilibrium equals entrants’ marginal costs, and industry output is equal to the corresponding level of demand. ⁪

Now return to the incumbents. Letting 
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 in the first-order condition for incumbent firms’ profit-maximization yields their optimal production level:
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This equation illustrates the effect of competition on incumbent firms’ production levels. If entry occurs, it shifts the reaction curves of the incumbents inward (Figure 7), because each entrant will end up producing 
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 in equilibrium. The new equilibrium is symmetric among incumbents but asymmetric as a whole. 
Figure 7. Effects of Entry on Incumbents’ Reaction Curves (two-incumbent case)
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4.4 Case 1: Technological and Scale Asymmetry
We begin with Case 1, in which the poor quality of the public grid drives indigenous firms to use traditional technology while large incumbent firms use modern technology with private generators. Recall that the conditions for Case 1 reflect some combination of very unreliable centralized electricity service and modest productivity disadvantages of traditional technology.

Consider the no-entry equilibrium price from [4c], which here is 
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. Indigenous entrants using the traditional technology are viable iff 
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, e.g. if the symmetric oligopoly price equals or exceeds their marginal costs. This condition can be written generally as 
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That is, the cost gap between the traditional and modern-cum-generator technologies cannot be too large or entrants are completely excluded. Subject to remaining in Case 1, the following factors increase the likelihood that small firms cannot survive:

· A higher-cost environment, e.g. a higher wage w and user cost of capacity 
[image: image113.wmf]t

;
· A more competitive baseline environment, e.g. a larger number of incumbents J ;
· A lower variable cost of private electricity x and a larger productivity advantage of modern technology
[image: image114.wmf]b

, both of which increase the cost advantage of incumbents;

· Higher reliability q and lower price v of centralized electricity service, which both increase incumbents’ cost advantage while indigenous firms use traditional technology.

Some indigenous firms will enter if [5] is satisfied. By the claim above, entry then drives the market price down to indigenous firms’ marginal cost levels: 
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. Plugging this into [5.1] pins down the number of indigenous entrants in equilibrium and the production of each incumbent firm:
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Incumbents’ equilibrium profits [8.1] depend on their equilibrium production level and the difference between their marginal costs and those of indigenous firms, as well as the fixed cost of the generator. The equilibrium market share of incumbent firms, 
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s

 in [9.1], is also determined by the marginal cost gap. Incumbent profits and market shares are the result of the dynamics of competition between incumbents and indigenous entrants: what makes entrants worse off makes incumbents better off.
[8]
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Consider the effect of marginal reductions in v and q, the price and reliability of energy from the public grid. As long as[image: image122.wmf]()/
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, we remain in Case 1 and indigenous firms use the traditional technology, so marginal reductions in v have no effect on indigenous firms’ costs. However, 
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, so improved price and quality of central electricity reduce incumbents’ costs. In equilibrium, lower costs relative to indigenous entrants increases both the quantity produced by incumbents and their price-cost margin, so incumbent profits rise roughly with the square of improvements in grid quality and cost. Here incumbents clearly have incentives to lobby for infrastructure investments.

4.5 Case 2: Scale Asymmetry
Under Case 2, 
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, so indigenous firms use the modern technology supplied by the public grid and improvements in grid reliability are cost-reducing for them.

This case has two interpretations. The first is an industry which would fit Case 1 if the centralized power system was sufficiently worse. That is, there exists a traditional technology which entrants could use and still survive in the market but q is sufficiently high to make the modern technology cost-effective. The second is an industry in which electricity-avoiding technologies are simply not viable, such that any entrant which is capacity constrained below 
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 must make do with the modern technology and the public grid. Many activities in manufacturing and resource processing fit this description, particularly when one moves up the quality ladder away from very inexpensive locally sold products.
The conditions for entry of indigenous firms and the expressions for incumbent production, profits and market share are  [6] – [9] above with 
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. Taking partial derivatives of the incumbent firms’ profit with respect to the quality and price of the electricity supply:
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Strikingly, [10] illustrates that the reliability of the public grid q reduces equilibrium incumbent profits, where the sign follows from the cost functions: 
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 implies that 
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. The first (negative) term is the reduction in the capacity utilization penalty; the second (positive) term is the marginal reduction in incumbents’ variable cost of electricity as the public grid becomes available more often. In addition, lower prices of electricity from the public grid actually reduce incumbent profits by equation [11], because entrants use more public electricity per unit of output than incumbents. 
To reiterate, improvements to either the cost or the reliability of the power supply decrease incumbents’ equilibrium profits and market share if indigenous firms are using modern technology. As v falls and q rises, the size threshold at which generators are profitable,
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, rises steadily. Meanwhile, as the gap between the marginal costs of indigenous entrants and incumbent firms shrinks, incumbents also lose their market dominance, by [9] above. As incumbent firms become smaller and the size threshold 
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 rises, it eventually becomes cost-effective for incumbents to switch to the public grid, and their advantage over indigenous firms is fully dissipated, yielding an approximately competitive free-entry equilibrium.

Figure 8 summarizes some of the key results thus far, mapping the reliability of central electricity service q into incumbent profits and the collective market share of entrant firms. Two separate sets of curves are shown, one for an industry with moderate natural electricity intensity 
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, and one for an industry with a higher natural electricity intensity 
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. The threshold above which entrants use modern technology is lower in the latter case, as the productivity shortfall of traditional technology is relatively large. As q increases past the relevant threshold, indigenous entrants switch to modern technology and steadily gain market share while incumbent profits fall. To the left of the relevant threshold, indigenous firms’ market share is decreasing in q, because more reliable electricity supply is benefiting only the incumbent firms. 
It naturally follows that entrant market share is lowest and incumbent profits highest at the thresholds between Case 1 and Case 2. These points corresponds to the level of public grid reliability under which incumbents are receiving as much cheap public electricity as possible without enabling small firms to overcome their technology constraints. As drawn, the more electricity-intensive industry has a region of q around its Case 2 threshold where no indigenous firms enter. Incumbent profits in this range correspond to those from symmetric no-entry equilibrium, the maximum possible achievable for the incumbent firms.
This non-monotonicity of incumbent profits in the quality of public infrastructure is a striking and counter-intuitive result. It follows from the general nature of imperfect competition in homogenous products: with free entry, the equilibrium profits of existing firms depend on how much lower their unit costs are than the entrants. With standard entry costs, incumbents would be more insulated from competition by entrants than outlined above, but their equilibrium profits would remain exactly the same up to an additive constant equal to the entry barrier: the logic remains identical.

It is important to note that this is fundamentally a medium-to-long-run result. In the short run a much-improved power system benefits everyone. However, infrastructural improvements which level the playing field along the firm size dimension threatens the quiet life of the oligopolist, providing small firms with a low-cost, competitive environment.
Figure 8. Public grid reliability versus incumbent profits and entrant market share
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5 On the Quality of Electricity Supply

The previous sections demonstrate some of the perverse results that may obtain in a world with extremely poor public infrastructure services, in particular electricity. In what follows we endogenize the quality of electricity service in various ways, exploring the incentives of electric utility firms under different regulatory frameworks supplying industries like the one above.
5.1 Unregulated Electric Utility
Suppose for simplicity that the consumers of electricity include one industry made up of J large incumbents and K small entrants as above. Suppose throughout that we remain in the most interesting case, in which electricity is a sufficiently important input in this industry that both entrants and incumbents use the modern technology, but only incumbents use generators to maintain production when the public grid is offline (Case 2). Total electricity demand is given by 
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, is supplied by the public grid.
Consider a private, profit-maximizing monopolist in a unified electricity production and distribution industry. The generator sets q and v to maximize profits given the electricity demand functions and the quadratic cost function 
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. Denoting 
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 as the vector of parameters characterizing the manufacturing industry (less v and q) and 
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 as the vector of cost parameters for the electric utility, we have:
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The objective is concave in v so we know there will be an interior solution for 
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. The relevant first-order condition implies that 
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. That is, the profit-maximizing price of electricity is increasing in the marginal cost parameters and the scale of demand and is decreasing in the sensitivity of demand to price.

A closed-form solution for q is not easily available, but it is straightforward to prove that 
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: a profit-maximizing firm will never systematically choose to ration electricity supply. Formally, the first-order condition for an interior maximum for q requires that 
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, which given the first-order condition for v is only possible if 
[image: image150.wmf]0

E

=

. The intuition is straightforward. Over most of the relevant range of output the generator wants to sell more electricity at any given price and hence has no interest in rationing. As demand becomes succifiently large and the generator’s cost curve becomes very steep, the generator wants to reduce production to lower its costs, and can do so either by increasing v or decreasing q. Of those two mechanisms, increasing v brings in revenue while decreasing q does not, so reducing the quality of service is always inefficient for a profit-maximizing generator.
With q* = 1, private generators are unnecessary, which implies that incumbents and entrants have the same marginal costs.
 It follows that the equilibrium is symmetric and approximately competitive as in the benchmark case in Section 3. That is, a profit-maximizing, monopolistic electric utility, while it may make large profits and price electricity higher than the socially efficient rate, should not induce systematic power rationing that will produce an uneven playing field for small and large firms. 
5.2 Price-Cap Regulation
Now suppose that the utility monopolist is regulated at a fixed price 
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 below the monopolist’s price 
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. The utility may be subsidized, indeed heavily, but the key is that those subsidies do not operate on the price margin. Also, while price-cap regulatory arrangements typically mandate that the utility meets all demand at the regulated price, such mandates are clearly not enforced in poor countries where we observe major blackouts on a weekly or daily basis. We are agnostic here about the reason for this regulatory framework, simply noting that its main features are quite common in developing countries.
Taking the price as given, the generator now solves the problem:
[13]
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If 
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, then demand is sufficiently low or the price sufficiently high that the generator’s marginal revenues exceed its marginal costs at the regulated price, and the generator sets 
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. In this case, regulation simply transfers profits from the utility to the consumers of electricity. However, if 
[image: image157.wmf]12

vaaE

<+

 when 
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 then the utility is losing money on the marginal unit of electricity. Its preference would be to raise the price in order to reduce demand and get its costs down. In order to reduce demand to the point where 
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 and the first-order condition holds, the firm must use the only instrument it has: it lowers q until
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. In the process, the gap between the marginal costs of the entrants and the incumbents expands: 
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. How low the resulting value 
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 ends up depends on how large the demand is relative to the cost parameters: that is, how adequate the overall electricity infrastructure system is relative to the country’s needs. A useful dynamic extension of this model would characterize the utility’s capacity investment decisions along with its static quality problem.
5.3 Preferential Treatment

The nature of electricity distribution lends itself quite well to preferential treatment of certain large customers: one simply ensures that a particular set of switches stays on when shortages lead to others being turned off. The 2005 documentary Power Trip traces the story of multinational electricity firm AES in its attempt to create a viable generation and distribution system in Tbilisi, the capital of Georgia in the wake of Soviet collapse. Despite the best efforts of AES executives to shut off power to a host of delinquent industrial customers, high-level interventions from government ministries ensured that reliable power supply flowed to the politically well-connected while shortages and blackouts plagued the rest of the city. Insiders remarked that the primary qualification of a minister of energy in Georgia is the ability to deliver electricity to the businesses owned by relatives of the president.

In the model above, the utility can in principle deliver a different qi to each firm. In the one-quality world above, incumbents’ profits rise as q falls even though their own costs rise, because poor-quality power systems raise their rivals’ costs even more than their own. If preferential treatment is available, incumbents would be willing to pay substantial sums of money to keep their own connections running full-time: not only do their own costs fall with higher qj, they also benefit from the fact that the utility’s convex costs lead it to compensate for higher qj by further reducing qk, the quality of electricity supply to their rivals. In what follows, we characterize a Nash bargaining equilibrium with a regulated price 
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 above so the power supply for entrants is even worse than before, with the incumbents and the generator sharing the resulting rents.
Suppose that 
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. The central utility now provides all electricity consumed in the industry, so it solves the problem:
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The first-order condition is 
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. For any fixed quality level q0 < 1, the total quantity of centrally supplied electricity 
[image: image170.wmf]0

(1)(,)

tot

EEqv

j

º-

 under the uniform quality regime above is lower than that supplied under the discriminatory regime, 
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. If the first-order condition holds in both regimes, it follows that 
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: that is, the quality of the electricity supply to small entrants is lower in the discriminatory regime than in the uniform quality regime. The equilibrium value of
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 and the resulting expression for the marginal costs of the small entrant firms are:
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Where the p superscript denotes preferential treatment. Note the perverse result: in equilibrium, small firms’ marginal costs are decreasing in the regulated price of public electricity, because the regulated utility responds to a higher price by providing higher-quality service, which in turn levels the playing fields between small entrants and large, generator-equipped incumbents. Compare [15] and [16] to the corresponding expressions in the uniform-quality regime:
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Where u denotes uniform quality and 
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 is the fraction of total electricity demand met by the utility.
 Now consider the profits of the incumbent firms in these two regimes:
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The extra profit for each incumbent firm in the preferential regime is: 
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 is the increase in the marginal costs of entrants after the switch to the preferential regime and 
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 is the reduction in the marginal costs of incumbents. 

 In equilibrium, entrants are willing to pay up to 
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 for each unit reduction in their marginal (=average) costs. Therefore the total willingness to pay of the entrants to avoid the regime switch is 
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, compared to a total willingness to pay of incumbents to force the regime switch, 
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, the total surplus to large incumbents from successfully lobbying for the regime switch exceeds the maximum amount that entrants would collectively be willing to pay to avoid it. If this is true, then assuming  a simple Nash bargain between the utility and the incumbent firms results in the generator implementing the preferential treatment regime with qj = 1 and  a 50-50 split of the resulting surplus profits between the incumbents and the generator. After some algebra, we have:
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The first factor on the right-hand-side is the (inverse of the) additional marginal cost gap induced by the regime switch as a percentage of the original marginal cost gap. The second factor is the increase in entrants’ marginal costs as a percentage of the total increase in the marginal cost gap. Condition [24] is more likely to hold the more incumbents are in the market, the larger is the potential percentage increase in the incumbents’ cost advantage and the larger is their marginal cost reduction 
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 relative to the total increase in their marginal cost advantage.

Calibrationally, this condition can only fail to hold when the incremental reduction in quality of service for entrant firms from the regime switch is small. A series of simulations under plausible ranges of the firms’ marginal cost parameters suggest that one incumbent is almost always sufficient and only very strange cases would require more than two incumbents.
 The reason for this is straightforward: small firms are only willing to pay to reduce their own costs, but large firms are willing to pay both to reduce their own costs and to increase those of their rivals, hence raising the output price they face and transferring resources from consumers to themselves. 

The resulting equilibrium is clearly inefficient. The aggregate industry production level 
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, and hence the entrants’ marginal cost, is a sufficient statistic for social welfare in this model. The redirection of electricity supply from entrants to oligopolistic incumbents reduces price competition and total industry output. As a result, consumers of the manufacturing firms’ products pay higher prices, generating anticompetitive rents which are split between the incumbent firms and their friends at the power utility.
6 Discussion
This is a paper about the causes and effects of misallocation of resources in an economy. The basic idea is that even certain public services which have broad-based positive impacts on an economy may in fact erode the rents of entrenched constituencies, potentially giving rise to political economy dynamics that obstruct the emergence of good governance.
6.1 The Basic Logic

First the paper sets up a technological argument: a particular type of intermediate inputs which are closely related to the quality of public services may have downstream effects on market structure and profits. The peculiar feature of this technological result is that large incumbent firms in some circumstances may be more profitable in equilibrium when the quality of those inputs is low. Dysfunctional public electricity grids increase their small competitors’ costs much more than their own because of economies of scale in self-provision of electricity. 
The paper then points out the implications of that peculiarity for how we think about the quality of electricity supply in very poor countries. An unregulated monopolist electricity supplier would provide high quality service, and hence a level playing field for large and small firms, albeit potentially at a high price. The much more common real-world environment, with price-cap regulation and excess demand, results in the utility using quality shortfalls to force effective demand down to a level it is willing to supply at the regulated price. Worse still, in a political economy framework in which incumbent firms can bargain with the electricity supplier for preferential treatment, under weak conditions they will collude together to extract surplus from consumers, resulting in even greater market concentration, lower total output and higher prices.
The basic mechanism generating the sharp inefficiency detailed here is that incumbents’ profits depend not only on their own costs but also on the costs of their potential rivals. When they bargain with regulators for a high-quality electricity supply they directly increase entrants’ costs. The reduction in competition transfers resources from consumers to incumbents and to the managers of the utility with whom they collude.
The model is framed with respect to electricity, but the general principles hold for any input meeting C1-C3 above. The impact of the introduction of cellular services in Africa provides an excellent and optimistic illustration. Prior to cellular service, African small businesses and micro-enterprises rarely had any form of modern communications technology, because the minimum cost of basic telephone service made it prohibitively costly. Cellular service and text messaging effectively bypassed dysfunctional telecommunications monopolies and offered a low-cost modern communications option for businesses of any size, eliminating economies of scale in the use of communications services. Now cell-phone penetration among small and medium enterprises in most African countries is very high, allowing SMEs to compete in activities which require modern communications, especially longer-range trading and distribution. See the Vodafone (2002) report on the impact of cellular services in Africa.
6.2 Limitations and Extensions
The model as it stands conveys the basic intuition, but has several main limitations and could be extended in several directions.

First, the static model abstracts from crucial dynamic considerations. In particular, the electricity utility’s decisions about investment in new capacity (in the model, lowering a2) are central to understanding the quality of the electricity supply over the medium and long run. Adding more nuance to the short-run versus long-run effects of infrastructure reform on the profits of incumbents and entrants would also be useful. The dynamic extension of this model would add significant insight, though it would complicate the analysis significantly.

Second, the model focuses entirely on domestic markets, but this sets aside a very interesting set of issues. Note that exporters care only about their costs relative to the world price, unless they also sell on a lucrative domestic market, so if the incumbent firms export most of their output their equilibrium profits will not be decreasing in the quality of public electricity service. If the incumbents are exporters they still may bargain for a high-quality electricity supply for themselves at the expense of entrants. However, their equilibrium profit gains from the preferential treatment regime are much lower, unless the domestic market is also a significant source of their revenue. More generally, it is intuitive that exporters have stronger incentives to lobby for high-quality public services because any cost reductions that result turn into profits rather than being partially passed along to domestic consumers through competition.

Third, the model retains the assumption of homogenous products throughout. With vertically differentiated products, the natural assumption would be that higher-quality products use infrastructure-related inputs like electricity more intensively, while traditional technologies are good at producing low-quality products. It would follow that large incumbent firms dominate the sale of higher-value, higher-quality products and charge high markups, while indigenous entrants are restricted to low value, low-quality products targeted at price-sensitive, quality-insensitive segments of the domestic market. This corresponds tightly to the nature of the informal sector in very poor countries; micro firms rarely compete directly with large firms, but instead produce low-quality, low-price products with little growth potential or room for innovation. 
Fourth, the logic of the model suggests that firms in dysfunctional infrastructure environments should be more likely to choose vertically integrated structures in order to exploit economies of scale in the self-provision of infrastructure. This reduces opportunities for specialization and gains from trade but also reduces dependence on fickle public services. It also potentially suggests that firms could have a small presence in many markets and achieve the same cost savings. In a way this suggests that if firms cannot share generators or other infrastructure because of contracting problems they should merge in order to overcome those problems. However, this notion no doubt suffers from diseconomies of scope and the practical limitations of many small entrepreneurs joining together in one disparate firm.

Finally, the story is applicable in a limited set of circumstances and may not explain most of the widespread poor performance of small firms in very poor countries. Its applicability is limited to markets where trade barriers and transport costs still insulate domestic producers, like machinery and processed resources, not textiles and garments. It is also limited to relatively small markets, like those found in most African and Central American countries, except where transport costs effectively segment large markets into many small markets (perhaps some parts of India).
6.3 Empirical Implications
The results above include a number of testable implications. One is that, conditional on all observable and unobservable heterogeneity, in domestic markets the reliability of the public electricity grid should reduce the market share of large firms, with the effect size depending on the natural electricity intensity of the industry. Obtaining proper identification would be challenging. Another testable implication is that the relationship between the reliability of the public grid and the relative profitability of profitability of small and large firms should be much stronger in electricity-intensive industries. One would need to control adequately for economies of scale in production, which is actually quite difficult to do (see Gorodnichenko 2005). A panel approach to the same question would be better, data permitting. Another testable implication is that, conditional on all observable and unobservable heterogeneity, small firms should be less likely to adopt electricity-using technologies within a given industry.
6.4 Conclusions
In making progress on understanding why some poor countries find themselves on rapid growth trajectories and others remain stagnant, the notion of systematic misallocation of resources seems to play an important role. One mechanism that can generate misallocation of resources is weak competition and barriers to entry. This paper offers a story for how the low-quality provision of crucial public services can generate barriers to entry and secure rent streams for oligopolistic incumbents in industries which require the relevant inputs intensively. Worse, it suggests that those incumbents may have incentives to bargain with the providers of public services to ensure outcomes that keep the playing field asymmetric. This reduces competitive pressure on incumbents to adopt new technologies, reduce costs and develop new products. Given the fact that high-value activities use infrastructure-related inputs like electricity and telecommunications relatively intensively, this dynamic may reinforce the failure of very poor countries to diversify into nontraditional, higher-value exports and generally distort the development process.
7 Appendix A1: Proof of Claim 1
If the MES constraint does not bind there are two possibilities: 
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First, suppose that J and K are such that 
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, such that in equilibrium the indigenous firms are capacity constrained. Then re-solving the Cournot problem with 
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Equation [A.1] with 
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; substituting into [A.2] yields:

[A.3]
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Equation [A.4] contradicts the definition of a free-entry equilibrium, because replacing K with K+1  leaves a positive price markup over marginal costs, so additional indigenous firms would enter. Moreover, [A.3] implies that
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. We conclude that indigenous firms cannot be capacity constrained in a free-entry equilibrium. Because indigenous firms are not capacity constrained, they are effectively identical to incumbents, and we know the equilibrium will be symmetric.

Now suppose that the symmetric free-entry equilibrium has J and K such that
[image: image206.wmf]*

,

i

yyijk

>"=

)

. Then 
[image: image207.wmf]1

*(1)()0

pmcJKpmc

-

-=++->

, again contradicting the definition of equilibrium because 
[image: image208.wmf],*0

Kpmc

"Î->

¥

.

With 
[image: image209.wmf]*

i

yyi

="

)

, we have 
[image: image210.wmf]*()0

pmcpmcyJK

a

-=--+=

)

, and ignoring integer constraints, 
[image: image211.wmf]*/

C

KYyJ

=-

)

.  ⁪

8 References
ACEG (2003), “Growth and transformation of small firms in Africa: insights from Ghana, Kenya and Zimbabwe,” Research for Development no. 4, African Center for Economic Growth

Aghion, Philippe and Schankerman, Mark (1999), “Competition, entry and the social returns to infrastructure in transition economies,” Economics of Transition, 7(1), pg. 79-101.
Brown, David and Earle, John (2001), “Competition-enhancing policies and infrastructure: evidence from Russia,” CEPR discussion paper #3022.

Cressy, Robert (1996), “Are business startups debt-rationed?” Economic Journal, 106(438): pg. 1253-70.
Eifert, Benn and Ramachandran, Vijaya (2004), “The competitiveness of African manufacturing firms,” working paper available from authors upon request.
Eifert, Benn; Gelb, Alan; Ramachandran, Vijaya (2006), “The cost of doing business in Africa: evidence from the World Bank’s investment climate data,” submitted to World Development.
Evans, David and Jovanovic, Boyan (1989), “An estimated model of entrepreneurial choice under liquidity constraints,” Journal of Political Economy, 97 (4): pg. 808-827.

Frazer, Garth (2005), “Which firms die? A look at manufacturing firm exit in Ghana”, Economic Development and Cultural Change, 53(3), pg. 585-617.
Gorodnichenko, Yuriy (2005), “Using Firm Optimization to Evaluate and Estimate Returns to Scale,” working paper available at http://www-personal.umich.edu/~ygorodni/.
Jones, Charles (2005), “The weak link theory of economic development,” working paper, UC Berkeley.

Kochar, Anjini (1996), “An empirical investigation of rationing constraints in rural credit markets in India,” Journal of Development Economics, 53: 339-71.
Kreps, D.M. and Schenkerman, J.A. (1983), “Quantity pre-commitment and Bertrand competition yield Cournot outcomes,” Bell Journal of Economics, 14: 326-337.
Little, Ian; Mazumdar, Dipak; Page, John (1987), Small Manufacturing Enterprises, Oxford Press for the World Bank, Washington, D.C.
Lucas, Robert (1978), “On the size distribution of business firms,” The Bell Journal of Economics, 9(2): pg. 508-523.
Mead, Donald and Liedholm, Carl (1998), “The dynamics of micro and small enterprises in developing countries,” World Development 26 (January): pg. 61-74.
Soderbom, Mans and Teal, Francis (2004), “Size and efficiency in African manufacturing firms: evidence from firm-level panel data,” Journal of Development Economics 73 (February), pg. 369-94.
Tybout, James (2000), “Manufacturing firms in developing countries: how well do they do, and why?” Journal of Economic Literature, 38(1); pg. 11-44.

United Nations Conference on Trade and Development (2006), The Least Developed Countries Report 2006: Developing Productive Capacities, United Nations: New York and Geneva.

Van Biesebroeck, Johannes (2005), “Firm Size Matters: Growth and Productivity Growth in African Manufacturing,” Economic Development and Cultural Change, 53(3): pg. 545-584
� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





�





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ��� 





� EMBED Equation.DSMT4  ���





�





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





�





�





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





�








� EMBED Equation.DSMT4  ���





1





0





Case 2 threshold � EMBED Equation.DSMT4  ���





Case 2 threshold � EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





� EMBED Equation.DSMT4  ���





1








� Department of Economics, University of California, Berkeley. The author thanks Richard Gilbert and seminar participants at Berkeley for their useful comments. Any errors remain my own.


� As described by UNCTAD in its Least Developed Countries Report 2006, “The “missing middle” refers to the weak development of formal sector small and medium enterprises […]. At one end of the size distribution, there are a multitude of informal micro-enterprises, most of which are characterized by the use of basic and traditional technologies and cater to the needs of restricted and relatively small local markets […] at the other end of the spectrum, there are a few large firms, which are mainly capital-intensive, resource-based, and import-dependent […] between these two extremes, there are very few formal sector SMEs.” (p. 222).


� Existing explanations for weak competition and SME performance seem plausible, though some are inconsistent. Small market size and limited market integration can account for the former but not the latter. More promising explanations include over-regulation, poorly functioning financial markets and the scarcity of entrepreneurial skills. 


� Opening to trade has increased exposure to competition, but non-trivial tariffs often remain in “priority” industries, and natural barriers created by dysfunctional ports, geography and poor interior transport still protect incumbents.


� Reuters, Thursday May 18 2006, Alistair Thomson.


� Keep in mind that “productivity” in such studies is confounded with market power and output prices.


� Aghion and Schankerman (1998) model this phenomenon and its implications, focusing on competition in transition economies. Brown and Earle (2001) provide supporting evidence from Russia, finding that the inverse relationship between market concentration and productivity is weaker where transport infrastructure is poor.


� The argument in this paper is irrelevant for highways, for instance, because firms can only capture a small fraction of the total benefit of a self-produced highway. Hence firms will not respond to poor transport infrastructure by building highways themselves. Of course, in a world with no transactions costs and perfectly enforceable complex contracts, many different existing and potential firms could organize to build and share roads and railways and ports. We do not observe this in reality, particularly given the adverse contracting environments in very poor countries.


� Note the similarities between this argument and those focusing on regulatory burdens, which essentially posit increasing returns to scale in bribing government officials.


� For instance, small firms which sell handicrafts to tourists on the street are ubiquitous in Africa, but small firms selling arts and crafts to developed country markets over the internet are rare, unlike in Brazil or China. 


� Assuming $4 per gallon for diesel fuel and an operating life of 10,000 hours for the 7.5kW generator and 15,000 hours for the 2,000 kW generator. 


� See Kreps and Scheinkman (1983).


� Potential large foreign entrants clearly violate these conditions. Like imports, the possibility of entry by foreign firms places an upper bound on the profitability of a domestic oligopoly. However, start-up costs for foreign firms entering new international markets are quite high, so this is primarily relevant in larger developing countries with lucrative domestic markets. A world-class international firm will be more efficient than most domestic producers in a small African country, but the limited demand available in such a market may not justify the costs of such a firm devoting its managerial capital to setting up operations.





� Of course, even in some poor countries regular power outages are scheduled and precisely implemented, so that in principle firms could hire workers around the schedule of power outages. None of the qualitative results of the model depend on having to pay workers when the power is out; all that is necessary is that there is some cost for firms of not always having access to electricity from the public grid, which is fulfilled by having to finance the cost of capacity that is unused because of lack of electricity.


� This is not quite realistic: in reality the cost of a generator does rise with size, though the per-capacity-unit cost of a generator falls dramatically as capacity rises, and the variable cost also falls moderately with size. This specification is adopted for maximum simplicity and tractability. 


� Case 3: �; � EMBED Equation.DSMT4  ���. Here the traditional technology is best on all relevant scales: both incumbent firms and indigenous entrants are too small to reach the point where switching to a generator is cost-effective. Therefore both types of firms use traditional low-productivity technology, and there is no cost asymmetry between small and large firms. This is could happen, for instance, if the market is very small, competition among incumbents stiff and/or tariffs on imported generators very high.





Case 4: � EMBED Equation.DSMT4  ���; � EMBED Equation.DSMT4  ���. Here the modern technology supplied by electricity from the public grid dominates the traditional technology. Moreover, it is not economical for either type of firm to use a private generator. This roughly corresponds to a developed-country or well-managed middle-income country environment: centralized infrastructure services are of sufficient quality to eliminate the type of cost asymmetries studied in this paper. 


� Large firms in developed countries with very reliable power supplies often have generators because even one or two blackouts over the course of a year can be very expensive in terms of opportunity costs, but we considering a different phenomenon here, the systematic use of generators as primary power sources. 


� � EMBED Equation.DSMT4  ��� is a function of q, but the true closed-form expression for q as a function only of exogenous variables takes nearly a page to write down. This formulation will be adequate for the analysis that follows.


� For instance, denoting the initial uniform quality level as q and the quality level facing entrants in the discriminatory regime as � EMBED Equation.DSMT4  ���, suppose that w = 0.475, τ = 0.475,  and v = 0.05, scaled such that a firm in a q = 1 environment would have 47.5% of its costs accounted for by labor, 47.5% by capital and 5% by electricity. Suppose that  x = 0.20, q = 0.75 and qk = 0.5. Then mck = 0.56, Δmck – Δmcj = 0.52 and Δmck = 0.48, so condition [24] holds with only one incumbent in the market.
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gen own

		

														Large		MSME

				Bangladesh2002		1.16		1.53				Bolivia2000		0.16		0.08

				Bolivia2000		1.84		1.92				Egypt2004		0.53		0.11

				Brazil2003		1.62		1.91				Ethiopia2002		0.29		0.11

				Cambodia2003		1.42		1.65				China2003		0.24		0.12

				China2002		1.77		1.93				Guatemala2003		0.49		0.13

				China2003		1.76		1.88				Morocco2000		0.22		0.14

				Ecuador2003		1.39		1.74				Madagascar2005		0.38		0.15

				Egypt2004		1.47		1.89				Nicaragua2003		0.78		0.15

				ElSalvador2003		1.36		1.81				ElSalvador2003		0.64		0.19

				Eritrea2002		1.45		1.61				Honduras2003		0.70		0.22

				Ethiopia2002		1.71		1.89				Ecuador2003		0.61		0.26

				Guatemala2003		1.51		1.87				Uganda2003		0.88		0.26

				Honduras2003		1.30		1.78				Zambia2002		0.52		0.28

				India2000		1.16		1.41				Mozambique2001		0.33		0.29

				India2002		1.17		1.42				Cambodia2003		0.58		0.35

				Kenya2003		1.12		1.44				Pakistan2002		0.75		0.37

				Madagascar2005		1.63		1.85				Eritrea2002		0.55		0.39

				Mali2003		1.25		1.59				Mali2003		0.75		0.41

				Morocco2000		1.78		1.86				Bangladesh2002		0.84		0.47

				Mozambique2001		1.67		1.71				Tanzania2003		0.76		0.48

				Nepal2000		1.39		1.46				SriLanka2004		0.94		0.50

				Nicaragua2003		1.22		1.85				Nepal2000		0.61		0.54

				Nigeria2001		1.01		1.04				Senegal2003		0.90		0.56

				Pakistan2002		1.25		1.63				Kenya2003		0.88		0.56

				Peru2002		1.72		1.74				India2002		0.83		0.58

				Philippines2003		1.48		1.74				Syria2003		0.90		0.71

				Senegal2003		1.10		1.44				Nigeria2001		0.99		0.96

				SouthAfrica2003		1.84		1.96

				SriLanka2004		1.06		1.50

				Syria2003		1.10		1.29

				Tanzania2003		1.24		1.52

				Thailand2004		1.77		1.94

				Uganda2003		1.13		1.74

				Zambia2002		1.48		1.72
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gen cost

				<20		20-99		100+

		Pakistan2002		0.00		0.00		0.00

		Guatemala2003		0.00		0.00		0.00

		China2003		0.01		0.01		0.00

		Brazil2003		0.02		0.01		0.00

		Honduras2003		0.02		0.01		0.00

		SriLanka2004		0.02		0.03		0.01

		Kenya2003		0.02		0.02		0.01

		Philippines2003		0.02		0.02		0.00

		India2002		0.03		0.02		0.01

		Peru2002		0.04		0.00		0.00

		Zambia2002		0.04		0.01		0.01

		Senegal2003		0.05		0.03		0.00

		Uganda2003		0.07		0.03		0.02

		Eritrea2002		0.07		0.03		0.00

		Mali2003		0.08		0.02		0.01

		Madagascar2005		0.08		0.04		0.01

		ElSalvador2003		0.08		0.01		0.01

		Tanzania2003		0.09		0.02		0.01

		Egypt2004		0.10		0.03		0.01

		Cambodia2003		0.28		0.11		0.05

		Nigeria2001		0.49		0.17		0.05

		Bangladesh2002		1.43		0.48		0.25
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perc

				telecom		electricity		transport

		Nigeria2001		0.60		0.97		0.24

		Bangladesh2002		0.26		0.73		0.26

		Mozambique2001		0.25		0.65		0.30

		Tanzania2003		0.13		0.60		0.24

		Syria2003		0.15		0.58		0.11

		Kenya2003		0.46		0.51		0.40

		Uganda2003		0.09		0.46		0.24

		Nepal2000		0.10		0.43		0.19

		Ethiopia2002		0.31		0.43		0.16

		SriLanka2004		0.14		0.42		0.22

		Madagascar2005		0.16		0.41		0.16

		Zambia2002		0.33		0.40		0.30

		Eritrea2002		0.15		0.39		0.20

		Pakistan2002		0.09		0.39		0.10

		Honduras2003		0.18		0.36		0.08

		Philippines2003		0.15		0.36		0.22

		China2002		0.26		0.32		0.22

		Senegal2003		0.04		0.31		0.36

		India2002		0.06		0.29		0.13

		Ecuador2003		0.18		0.28		0.11

		Egypt2004		0.07		0.27		0.10

		Guatemala2003		0.07		0.27		0.14

		Thailand2004		0.13		0.26		0.14

		Mali2003		0.15		0.25		0.21

		Indonesia2003		0.09		0.22		0.16

		ElSalvador2003		0.06		0.22		0.09

		Turkey2002		0.11		0.18		0.09

		Cambodia2003		0.04		0.14		0.11

		Peru2002		0.05		0.11		0.08

		Turkey2005		0.07		0.10		0.07

		SouthAfrica2003		0.03		0.09		0.10





perc
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share of firms citing as major or severe obstacle

1

1

1



ic_size

		

				Firm

		Country				small(1-19)		medium(20-99)		large(100 and over)

		Bangladesh2002				0.68		0.70		0.69

						0.18		0.15		0.17

						0.05		0.08		0.07

						0.10		0.07		0.07

		Bolivia2000				0.61		0.56		0.57

						0.18		0.21		0.20

						0.03		0.07		0.08

						0.18		0.16		0.15

		Brazil2003				0.49		0.54		0.57

						0.36		0.31		0.23

						0.03		0.04		0.07

						0.11		0.11		0.14

		Cambodia2003				0.60		0.45		0.40

						0.25		0.47		0.41

						0.00		0.02		0.00

						0.15		0.06		0.19

		China2003				0.57		0.60		0.59

						0.26		0.23		0.21

						0.03		0.04		0.05

						0.14		0.14		0.15

		Egypt2004				0.50		0.60		0.65

						0.26		0.22		0.20

						0.02		0.02		0.05

						0.22		0.15		0.10

		ElSalvador2003				0.44		0.44		0.47

						0.37		0.31		0.26

						0.05		0.09		0.10

						0.14		0.15		0.17

		Eritrea2002				0.41		0.51		0.54

						0.21		0.18		0.18

						0.03		0.06		0.04

						0.35		0.25		0.24

		Ethiopia2002				0.53		0.60		0.50

						0.24		0.13		0.16

						0.10		0.13		0.11

						0.13		0.14		0.23

		Guatemala2003				0.50		0.55		0.51

						0.34		0.30		0.32

						0.08		0.07		0.07

						0.08		0.08		0.11

		Honduras2003				0.42		0.49		0.51

						0.40		0.28		0.26

						0.08		0.08		0.06

						0.10		0.14		0.18

		India2002				0.68		0.71		0.63

						0.18		0.14		0.13

						0.04		0.06		0.09

						0.09		0.10		0.15

		Kenya2003				0.59		0.61		0.51

						0.16		0.12		0.12

						0.04		0.04		0.08

						0.22		0.23		0.29

		Madagascar2005				0.52		0.58		0.44

						0.35		0.32		0.30

						0.01		0.02		0.12

						0.11		0.08		0.14

		Mali2003				0.67		0.58		0.48

						0.22		0.26		0.31

						0.02		0.03		0.02

						0.08		0.13		0.19

		Mozambique2001				0.44		0.36		0.37

						0.26		0.36		0.21

						0.01		0.01		0.12

						0.29		0.27		0.30

		Nepal2000				0.60		0.64		0.64

						0.17		0.16		0.15

						0.07		0.06		0.06

						0.17		0.14		0.15

		Nicaragua2003				0.45		0.48		0.45

						0.40		0.28		0.22

						0.04		0.06		0.11

						0.11		0.18		0.22

		Nigeria2001				0.46		0.63		0.64

						0.21		0.14		0.12

						0.01		0.07		0.07

						0.33		0.16		0.18

		Pakistan2002				0.15		0.11		0.12

						0.03		0.02		0.02

						0.80		0.85		0.84

						0.02		0.02		0.02

		Peru2002				0.57		0.49		0.34

						0.16		0.13		0.12

						0.05		0.10		0.23

						0.22		0.28		0.31

		Philippines2003				0.51		0.53		0.58

						0.32		0.28		0.20

						0.01		0.02		0.02

						0.16		0.17		0.20

		Senegal2003				0.63		0.58		0.61

						0.25		0.23		0.13

						0.02		0.07		0.14

						0.10		0.12		0.12

		SouthAfrica2003				0.27		0.19		0.19

						0.10		0.09		0.07

						0.53		0.65		0.69

						0.09		0.08		0.05

		SriLanka2004				0.38		0.55		0.45

						0.27		0.21		0.26

						0.06		0.05		0.04

						0.29		0.20		0.25

		Syria2003				0.57		0.57		0.61

						0.27		0.23		0.18

						0.04		0.08		0.03

						0.12		0.12		0.17

		Tanzania2003				0.54		0.59		0.46

						0.20		0.15		0.12

						0.04		0.04		0.08

						0.22		0.23		0.34

		Thailand2004

		Uganda2003				0.54		0.55		0.36

						0.29		0.20		0.17

						0.03		0.11		0.25

						0.15		0.14		0.22

		Zambia2002				0.50		0.52		0.51

						0.17		0.13		0.14

						0.05		0.07		0.07

						0.28		0.28		0.28





market share

		

		Country		MSME		large firm

		Honduras2003		1		5

		Morocco2000		1		5

		SriLanka2004		0		2

		Cambodia2003		3		3.5

		India2002		2		5

		Nepal2000		7.5		7.5

		Guatemala2003		5		8

		China2003		10		10

		Ethiopia2002		5		10

		Peru2002		20		10

		Mozambique2001		10		12

		ElSalvador2003		15		15

		Nicaragua2003		10		18

		Bolivia2000		10		20

		Tanzania2003		5		20

		Zambia2002		20		20

		Syria2003		7		25

		Uganda2003		5		25

		Ecuador2003		15		30

		Kenya2003		10		40

		Mali2003		10		40

		Madagascar2005		20		50

		Senegal2003		22.5		60
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MSME

large firm

median national market share, %



mkt sh local

				small		medium		large

		Cambodia2003		19		25		12

		Peru2002		32		12		13

		Syria2003		5		11		14

		Honduras2003		25		29		23

		Brazil2003		14		14		24

		Guatemala2003		20		25		25

		ElSalvador2003		30		32		31

		Nicaragua2003		28		30		35

		SouthAfrica2003		30		24		35

		China2003		30		32		43

		Bolivia2000		24		33		45

		Tanzania2003		23		35		47

		Mali2003		24		41		48

		Algeria2002		43		49		49

		Senegal2003		35		43		55





mkt sh local

		1		1		1
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% of local market

1

1

1



price el

		

		Brazil		6.4		26.4		32.8

		Tanzania		5.5		27.4		32.9

		Indonesia		11.4		22.5		33.9

		El Salvador		8.9		25.6		34.5

		Ecuador		10.6		29.7		40.3

		Guatemala		9.7		30.8		40.5

		Syria		17.1		25.1		42.2

		Cambodia		5.8		37.6		43.4

		Honduras		19.8		25		44.8

		Nicaragua		19.4		26.12		45.52

		Zambia		20.1		31.7		51.8

		Senegal		23.3		28.8		52.1

		Mali		22.2		41.2		63.4
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