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Abstract

Unreliable electricity supply in developing countries is a
persistent problem with significant adverse consequences
for economic growth. This paper uses a novel database on
utilities, which provides systematic data on reliability, and
links it to available data on country-level institutions to pro-
vide new evidence on variation in reliability across countries.
The data reveal that utilities located in countries with weak
institutions for controlling corruption perform significantly
worse at delivering reliable electricity. The data also show
that privately owned utilities perform better than publicly
owned ones, consistent with standard reforms of privatiza-
tion that are pursued to overcome governance problems.

However, private ownership is less likely in countries with
higher control of corruption, where public utilities per-
form better than their counterparts in countries with weaker
institutions. Regardless of ownership, the estimates suggest
that any given utility is likely to perform worse over time
when the country in which it is located has weaker insti-
tutions. The paper forges links with available case studies
to discuss potential mechanisms that may account for the
correlations revealed in the data, yielding forward-looking
ideas for how to turn around utility performance in weak
institutional contexts.
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1. Introduction

Electricity utilities in developing countries struggle to provide reliable electricity. Frequent
outages and technical losses are pervasive, operating costs are high, and many utilities do not
recover their operating costs (Kojima & Trimble, 2016; Foster & Rana, 2019; Carranza & Meeks,
2021). Poor utility performance has substantial implications for economic activity. For example,
the World Bank Enterprise Surveys show that unreliable power is one of the biggest obstacles for
African enterprises. On average, African firms face over 50 hours of power outage per month,
equivalent to 25 lost days of economic activities per year (Oseni, 2019). In contrast, enterprises in
the East Asia and Pacific region experience 20 hours of power outage on average, and those in
Latin America and the Caribbean only 5 hours per month. These frequent power blackouts deter
firm entry and dynamism, and force existing firms to invest in expensive backup generators or
forego production, dampening profitability, competitiveness, and job creation (Abeberese et al,
2021; Fried & Lagakos, 2023; Allcott et al., 2016; Mensah, 2024). At the household level,
estimates suggest that access to reliable electricity has a far greater impact on incomes than grid
connections alone (Chakravorty et al, 2014; Samad & Zhang, 2017).

This paper uses a novel database—the Utility Performance and Behavior Today (UPBEAT)
database (described in Balabanyan et al., 2021)—to examine variation in utility performance in
delivering reliable electricity. The database covers 190 utilities over the period 2012-23, drawn
from 93 developing countries. Linking this utility-level data to country-level measures of income
(from the World Development Indicators) and institutions (from the International Country Risk
Guide) enables the paper to examine these covariates of utility performance across countries. The
data reveal that utility performance in delivering reliable electricity is significantly worse in
countries with weak control of corruption, even after controlling for measures of country income.
The paper interprets the patterns of variation in the new data by forging connections to a large
qualitative literature containing case study evidence on different mechanisms through which
corruption shapes utility performance. This yields forward-looking ideas for a policy-research
agenda to turn around utility performance in contexts with weak institutions to control corruption.

The results using the new data, its linkages with case study evidence on the mechanisms through
which institutions matter for utility performance, and implications for policies to improve
reliability together constitute the contribution of this paper. While there exist prior estimates of the
role of corruption in shaping utility performance, these are available only for a sample of Latin
American electricity distribution firms (Dal Bo and Rossi, 2007; Wren-Lewis, 2015%). The new
evidence in this paper shows significant regional differences in utility performance, most
interestingly that utilities in the South Asia region perform the worst across all empirical
specifications, not just in averages. A substantial body of evidence from South Asia illustrates

2 The prior evidence is, of course, also dated. The sample in Wren-Lewis (2015) goes up to 2007, while the data in
this paper extends to 2023.
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three channels through which corruption affects reliability: one, widespread norms of electricity
theft and/or non-payment of bills in society, bureaucracy and politics (Burgess et al, 2020; Smith,
2004; Williams and Ghanadan, 2006); two, political influence over frontline utility staff to
manipulate who receives electricity and who receives outages (Mahadevan, 2024); and, three,
intertwined with the first two, weak professional incentives among utility staff to exert effort to
improve performance (as in the mechanism modeled in Dal Bo and Rossi, 2007). According to the
available case studies, these three channels are not unique to South Asia, with similar examples
from Africa and Latin America (Boamah et al, 2021; Cummins and Gillanders, 2020; McRae,
2015; Depuru et al, 2011). A fourth channel of grand corruption in planning energy systems, such
as high-level political rent-seeking rather than technical considerations driving energy
investments, is illustrated in a case study by Ackah et al (2021) and is consistent with macro models
and evidence of political incentives in weak institutional contexts (Acemoglu and Robinson, 2008;
Andersen et al, 2022).

The paper shows how the large-sample empirical correlations, and its connections with available
case studies on the mechanisms through which corruption drives unreliable electricity, yield new
implications for utility reforms in the worst performing contexts. Policy makers tend to approach
energy sector reforms as already well-known, as a “standard model” of opening-up the sector to
private market participation accompanied by the establishment of independent regulatory
authorities (Gratwick & Eberhard, 2008; Kessides, 2012; Foster & Rana, 2019). The data enables
the paper to provide new evidence on one element of standard reforms—the role of private
ownership of utilities. The data reveal that while privately owned utilities perform better than
publicly owned ones in delivering reliable electricity, consistent with standard reforms of
privatization, private ownership is /ess likely in countries with higher control of corruption. That
is, public utilities in countries with strong institutions reduce the performance gap with private
utilities and perform better than their counterparts in countries with weaker institutions. Consistent
patterns across specifications, using regional and utility fixed effects, suggest that any given utility,
regardless of ownership, is likely to perform worse over time when the country in which it is
located is measured as having weaker control over corruption. This new evidence resonates with
available reviews of the impact of privatization reforms (Bacon, 2018), and new case studies of
high-profile instances of privatization (e.g. Roy et al, 2023), suggesting that in contexts of weak
control over corruption, privatization is likely to suffer from the same underlying political
incentives which motivated these reforms in the first place.

Further, the paper argues against treating utility reform as something which is already well-known
which just needs “political will” to implement as envisaged. The role of corruption incentives and
norms, not just among politicians, utility staff and managers but more widespread in society, in
countries with the most ailing electricity sectors, suggests that new ideas are needed than simply
to pursue privatization and establish regulatory agencies. Leaders with the “will” to reform could
use new ideas and technical assistance on how to strengthen the incentives of myriad managers
and staff in utilities and build trust with citizens for broad-based political support for reforms,

3|Page



overcoming political resistance from rent-seeking contenders for office. The paper brings insights
from the broader economics literature on institutions to outline four areas where research
partnerships could help leaders to experiment with and evaluate innovative interventions: one, on
different types of incentive contracts, management culture and practices in utilities; two, on the
role of deliberation to strengthen performance culture and peer norms in utilities; three, on the role
of customer outreach to strengthen willingness to pay tariffs and build trust; and, four, on the role
of local government in addressing underlying political incentives to interfere with sound technical
design of energy systems and utility management.

The paper is organized as follows. Section 2 describes the data and empirical strategy. Section 3
presents the results. Section 4 discusses what these results mean for policies or reform strategies
to improve utility performance. It reviews the existing literature on utility performance, both large
sample empirical evidence and case studies, to argue for new avenues of policy-research to help
countries address long-standing problems of unreliable electricity. Section 5 concludes.

2. Data and Empirical Strategy

A new database, titled UPBEAT, on utilities across developing countries, has been made available
by the Energy Sector Management Assistance Program (ESMAP), a global knowledge and
technical assistance partnership administered by the World Bank (Balabanyan et al., 2021). This
paper examines variation in performance of utilities across countries by linking this utility-level
database to widely used measures of country-level income (from the World Development
Indicators) and institutions (from the International Country Risk Guide, ICRG).

The utility performance variables in UPBEAT consist of:

e Reliability: measured by power interruption indices
e Technical and commercial losses: distribution, transmission, and system loss rates?
e Operating efficiency: cost per kWh

The characteristics of utilities in the database include ownership (public versus private) and type
(vertically integrated versus unbundled into generation, transmission, and distribution), total
assets, and grid length. The working sample contains 2,280 utility—year observations for 2012—
2023 with the distribution of observations across regions as: Sub-Saharan Africa (37.9%), Eastern
Europe & Central Asia (17.4%), Latin America & the Caribbean (15.8%), South Asia (15.8%),
East Asia & Pacific (6.3%), and the Middle East & North Africa (6.8%). Summary statistics are
reported in Table A1l in the Appendix.

Reliability is measured using two standard interruption indices: System Average Interruption
Duration Index (SAIDI) and System Average Interruption Frequency Index (SAIFI). SAIDI

3 Losses account for both technical and commercial losses. For utilities with both transmission and distribution
services, system losses combine transmission and distribution losses (Balabanyan et al., 2021).
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measures the total hours of service interruption the average customer experiences annually, while
SAIFI counts the number of outages the average customer experiences in a year. SAIDI and SAIFI
are end-customer reliability measures tied to the distribution segment, and in our data, they are
reported mainly by Vertically Integrated (VI) and Distribution utilities, with smaller counts from
Generation & Distribution and Transmission & Distribution companies.* In UPBEAT data, the
average customer experiences about 49 hours of service interruption across roughly 39 outages
annually (Table A1).’

Service reliability is tightly linked to the other performance dimensions. Poor operating efficiency
and high costs limit a utility’s capacity to finance maintenance and network upgrades,® pushing up
technical losses in transmission and distribution. The feedback runs both ways: high technical and
commercial losses depress revenues and weaken operating efficiency, reinforcing the cycle and
culminating in more frequent, longer power outages.” In essence, reliability is the visible
downstream consequence of operational, technical, and financial fragilities. Reliability is thus a
key marker of underperformance and has substantial economic consequences, as discussed in the
introduction.

The following general empirical specification is used to allow the data to reveal significant patterns
of variation in utility performance across countries:

Yiee = a+ BXee + Ve + OUiee + €1t (1)

where Y;.; is an indicator of utility performance in utility i, located in country c, in year t; X, is a
measure of income status (high, low, middle income) or level (GDP per capita) in country ¢ in
year t; I, i1s a measure of institutional strength in country c in year t; and, U, are characteristics
of utilities such as type (generation, transmission, distribution, or vertically integrated) and
ownership (private or public) which are time invariant at least during the period over which the

4 UPBEAT data also reports SAIDI and SAIFI for transmission segment for a small number of utilities. Given the
limited number of observations, we exclude these outcomes from the analysis. Distribution losses (%) cover losses
on the distribution network and are mainly reported by Distribution and VI utilities. Transmission losses (%) pertain
to high-voltage transmission grids and are reported primarily by Transmission and VI utilities, with a few
Generation & Transmission and Transmission & Distribution observations. System losses (%) reflect losses across
the combined network and are almost exclusively from VI, with few counts (about 8%) from T&D utilities. Average
operating cost (US$/kWh) spans the whole supply chain, including Generation.

5 We note that these SAIDI and SAIFI indicators are self-reported by utilities and likely to suffer from measurement
errors (such as unreported outages from small voltage fluctuation and other downstream reliability issues between
the last transformer in the distribution network and the establishments of clients), and potentially, from reporting
errors. Technical measurement errors may be less of a concern when the purpose is to examine variation across
countries in reliability, if one assumes that the technical sources of error are unlikely to vary systematically across
countries. However, misreporting may be systematically correlated with institutional quality. The direction of bias
induced by misreporting is likely to be downwards (the data would be less likely to reveal greater outages in
countries with weak control of corruption), as utilities may be more likely to misreport (under report outages) in
contexts of weak control of corruption.

¢ McRae (2015) provides an analysis of how government subsidies to serve nonpaying customers can generate
incentives in utilities to under-invest in the maintenance and upgrade of the distribution infrastructure.

7 Appendix tables A11 to A13 show a robust negative correlation between distribution losses and reliability—
utilities with higher distribution losses report more outages.
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data are available®; and a few time-varying characteristics such as grid length (for relevant utility
types) and size (total assets). Different versions of equation (1) are estimated to allow the data to
reveal what are the robustly significant covariates of utility performance across countries and how
much explanatory power they have.

Evidence on the covariates of utility performance not only helps improve understanding of the
electricity sector but also informs policy makers who seek to use successful experiences from some
countries to replicate the policy instruments in other countries. For example, if privatization is the
policy solution to improving the reliability of electricity supply, the data would be expected to
reveal that utilities across countries that are privately owned deliver more reliable electricity.
However, if country-level income and institutions matter beyond the advocated reforms of
privatization, more research would be needed to understand the mechanisms through which
institutions matter and how to structure reform strategies to overcome institutional constraints.

Institutions are complex and difficult to measure. This measurement problem constrains the ability
of empirical research to examine whether and how institutions matter for utility performance
across countries. However, because of the growing importance of institutions in economic
development and in shaping the investment climate, several initiatives have developed country-
level measures.® The ICRG measures of institutions, especially the variable measuring the control
of corruption, are widely used by private sector firms considering investments in emerging
markets. The measure takes on values from 0 to 6, with lower values indicating higher corruption
(or weaker control of corruption).!? The methodology paper on ICRG’s website indicates that the
values are assigned through expert assessment of the risk of political patronage, nepotism, or
general political interference and connections to firms, in addition to bribery, which is standard in
corruption measures.'! Key papers in the research literature relevant for this paper’s analysis,
which use the ICRG measures and find robust evidence on the control of corruption, are Alfaro et
al. (2008), Dal Bo and Rossi (2007), and Wren-Lewis (2015). Given the significance of the ICRG
measure of the control of corruption in this prior literature, this paper focuses on testing the
significance of this variable in explaining variation in utility performance in the new UPBEAT
database.?

$ No utility in the sample has changed its ownership status between public and private.

% As markets began emerging in countries transitioning out of state control over their economies, private firms began
to invest in data to understand government and political risks of investments in these emerging markets. Acemoglu
et al (2001) is regarded as one of the pioneering empirical papers providing evidence that institutions matter for
economic development. It spawned a stream of research on institutions, including cross-country analysis as data
became available on country-level measures of institutions.

19 The ICRG corruption indicator is originally reported at a monthly frequency. For consistency with our country-
year empirical framework, we aggregate the monthly series to the annual level by averaging the monthly series.

1 hitps://www.prsgroup.com/wp-content/uploads/2021/10/ICRG-Method-2021.pdf

12 The paper also reports in the Appendix the results using data on control of corruption in the Worldwide
Governance Indicators (WGI) produced by the World Bank (See Table A2 to A10).
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3. Results

The analysis begins by examining variation in utility performance across countries in different
regions and by income groups. Figure 1 illustrates average differences across regions: South Asia
stands out as the region with the most prolonged and most frequent outages, followed by Sub-
Saharan Africa. In contrast, utilities in the other regions cluster at much lower and relatively
similar levels of outage duration and frequency. Figure 2 provides a scatter plot of reliability by
GDP per capita, showing both a negative linear gradient and a non-parametric correlation.
Electricity outages are longer and more frequent in countries with lower GDP per capita.

Table 1 reports the results of regressing each performance indicator on income group dummies,
controlling for utility-specific characteristics such as size, segment of the supply chain
(generation, transmission, distribution, or vertically integrated), and region dummies. The results
indicate that utilities perform worse across operational, technical, and financial indicators in
lower-income countries. The same results are obtained using the log of per capita income instead
of income group dummies (Table 2)—utilities perform worse in countries with lower per capita
income. Another notable result from this simple specification is that the South Asia region stands
out as having the worst performance on reliability, even after controlling for income, consistent
with the literature’s focus on examining reliability problems in that region (Allcott et al., 2016;
Khanna and Rowe, 2024). Region indicators in Tables 1 and 2 are level differences relative to
Sub-Saharan Africa (the omitted group), conditional on income, firm size, and type. South Asia
exhibits outages that are both longer and more frequent than those in Sub-Saharan Africa. By
contrast, the estimated outage frequency and duration in Europe and Central Asia, East Asia and
the Pacific, Latin America and the Caribbean, and the MENA region are not statistically
distinguishable from those in SSA.

Reliability. As previously discussed, reliability is measured using two canonical interruption
indices: the System Average Interruption Duration Index (SAIDI) and the System Average
Interruption Frequency Index (SAIFI). In Table 1, Columns (1)—(2), the low-income-country
indicator is positively and strongly associated with both SAIDI and SAIFI, implying that
customers in low-income countries endure outages that are both longer and more frequent. The
point estimates indicate that the average customer in low-income countries faces about 80
additional hours of lost service and roughly 60 more outages per year compared to customers in
high- and upper-middle-income countries. Results from alternative specifications tell the same
story: a one percent increase in GDP per capita is associated with about 0.35 fewer outage-hours
and 0.25 fewer outages per customer annually (Table 2).

Technical and commercial losses. Another critical metric is the level of electricity losses in
transmission and distribution. In the UPBEAT data, total system losses are measured by the
percentage of electricity generated that is lost in the grid, which could be due to purely technical
reasons (such as, the physical state of the distribution infrastructure) or non-technical reasons (such
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as, theft, which results in unbilled electricity). The data show that, on average, utilities in low-
income countries suffer from substantially higher distribution and system losses. Columns (3-5)
of Table 1 compare losses across income groups for distribution, transmission, and system-wide
levels, respectively. Even after controlling for grid length and other characteristics, power utilities
in low-income countries report markedly higher distribution and system loss rates than their
counterparts in high- and upper-middle-income countries.*?

Operating efficiency. One basic indicator of firm performance is the ability to operate at a lower
average cost. Lower cost per unit (for a given scale and service type) reflects higher efficiency.
The UPBEAT data show that utilities in lower-income countries tend to have substantially higher
operating costs on average than those in higher-income countries, when comparing similar types
of utilities (Table 1, Column (6)). In the alternative specification, log per capita income is
negatively associated with average operating cost per kWh (Table 2, Column (6)). This means
utilities in poorer countries typically spend more to generate and deliver each unit of electricity
than comparable utilities in wealthier countries. This cost gap likely reflects the generation mix in
poor countries, and a range of inefficiencies, including high fuel procurement costs, high network
losses, older or poorly maintained infrastructure, and limited economies of scale.

Corruption. The observed low reliability, high losses, and costs in low-income countries may stem
from technical inefficiency (aging infrastructure and inadequate maintenance), economic
constraints (lack of fiscal and financial capacity to invest in low-cost systems), and governance
failures that allow rampant theft, non-payment of bills, poor management and planning. Technical
losses occur due to resistance in the wire and transformer, but in many low-income countries, non-
technical losses, such as illegal connections and meter bypassing, have been regarded as an even
bigger problem (Smith, 2004; Burgess et al., 2020). For example, it is common to see informal
hooking of wires onto distribution lines and fraudulent billing practices that allow users to
consume power without paying (Roy et al., 2023). Such non-technical losses can indirectly
contribute to technical losses. For instance, illegal connections to distribution lines can damage
the infrastructure and increase loads beyond what it was designed to handle, thereby leading to
higher technical losses and lower reliability.'# Incentives for and the feasibility of making illegal
connections, which directly and indirectly contribute to unreliability, may be greater in countries
with weaker institutions to control corruption.

Figure 3 provides the scatter plot of reliability against the available ICRG measures of the control
of corruption (with higher values indicating lower corruption, or stronger control over corruption).
Both the linear gradient and the non-parametric estimate in the scatter plot show that utilities in

131t is not unusual for utilities in low-income countries to lose 20%—-30% of the electricity they produce, meaning
that roughly a quarter of each unit generated brings in no revenue. In some cases, losses are even higher. For
example, Nigeria’s distribution companies have reported aggregate technical, commercial, and collection (ATC&C)
losses on the order of 50% in 2020 (World Bank, 2023).

4 We thank Megan Lang for this point.
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countries with stronger control of corruption exhibit markedly fewer and shorter outages than those
in weaker institutional environments. Even as the following tables report the regression results of
different specifications to examine this raw correlation, Figure 3 highlights a key empirical
limitation: the available corruption measure exhibits very little variation. No country in the sample
is observed at the highest control of corruption values (5 or 6), and a large share of countries (65
percent) are bunched at the lower-middle range (between the values of 1.5 and 2.5).

Tables 3 to 5 report the correlation of utility performance with corruption across different
specifications without and with controls. The coefficient is negative for interruptions and outages,
meaning a higher score on the control of corruption is associated with more reliable electricity. It
is robust to the inclusion of income, region fixed effects, and controlling for utility-specific
characteristics such as size, segment of the supply chain (generation, transmission, distribution, or
vertically integrated). The size of the coefficient on the control of corruption variable for the
reliability measures (Columns 1-2) across Tables 3 to 5 is stable, showing that the inclusion of
country income in different specifications does not change the correlation between corruption and
reliability. The R? of Table 3, Column 1, shows that country-level control of corruption, along
with utility size and type, explains roughly 11 percent of the variation in reliability across utilities.

The correlation between corruption and T&D losses reported in Columns 3-5 of Tables 3 to 5 are
consistent with the qualitative evidence of widespread theft and non-payment in developing
countries. The R? of the regressions in Columns 4-5 of Table 3 shows that country-level
corruption, utility size and type accounts for about 20-30 percent of the variation in transmission
and system losses.

Tables 6 to 8 report the results with country fixed effects, and Tables 9 to 11 report the results with
utility fixed effects. The lack of significance of the coefficient on the corruption indicator with
country fixed effects (Tables 6 to 8) suggests that at least some utilities in countries with weak
control of corruption perform as well as the average utility in countries with strong control of
corruption. The coefficient on the corruption indicator in the specification with utility fixed effects
(Tables 9 to 11) is marginally significant at the 10% level for duration of outages and distribution
losses. While these estimates are noisy, which could be because of the limited variation in the
measures of corruption within a country over time, they suggest that a given utility is likely to
perform worse over time if the country of their location is measured as weakening in control of
corruption.

Private ownership. Next, the analysis turns to examining variation in performance by ownership
of utilities, since privatization is a prominent part of the standard model of utility reforms
(Gratwick & Eberhard, 2008). Historically, the power sector has been dominated by public
ownership given its “natural monopoly” characteristics. Reforms to unbundle large, vertically
integrated public utilities into generation, transmission, and distribution companies and to privatize
competitive segments of the market have been pursued since the 1990s (Kessides, 2012; Foster &
Rana, 2019). These reforms are predicated on the economic argument that private ownership is
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generally preferable to public ownership because private firms have greater incentives to minimize
costs, improve efficiency, and be responsive to consumer demands. State-owned firms, on the
other hand, are regarded as suffering from weak incentives and political meddling, and agency
problems due to the separation of control and management (Megginson & Netter, 2001; Milhaupt
& Pargendler, 2017; Shleifer & Vishny, 1986 and 1994; Qian, 1996).

Table 12 reports the results of variation in performance across utilities by ownership category
(without including income or region fixed effects). Privately owned utilities perform significantly
better across dimensions. While the result of greater reliability of electricity supply by private
utilities is robust to adding income per capita and region fixed effects to the specification (Tables
13 and 14), private ownership becomes insignificant in explaining variation in losses and operating
costs. This pattern suggests that country income plays a role in successful privatization. Table 19
shows that utilities are indeed more likely to be privately owned in higher-income countries. The
elasticity is large: a 1% increase in GDP per capita is associated with a 0.16 percentage-point
higher probability that ownership is private, as shown in Column (1). In categorical terms,
low-income status reduces the likelihood of private ownership by about 26 percentage points
relative to the high- and upper-middle-income benchmark (Column (2)). Taken together, this
pattern of results could be consistent with arguments that better reliability performance of privately
owned utilities in low-income countries is at least partly due to factors outside the utility’s control,
such as, for example, preferential access to generated electricity when supply is rationed. The data
do not allow for estimating the coefficient on private ownership with utility fixed effects because
no utility in the sample changed ownership status over the covered time period.

Including income, corruption, and private ownership together in the specification shows that the
negative role of corruption for utility performance remains stable (Tables 15 and 16). Utility
customers experience less frequent and shorter-duration outages in countries with stronger control
of corruption (Columns 1 and 2 of Tables 15 and 16). Utilities have significantly lower T&D losses
in countries with stronger control of corruption (Columns 3 and 4). That is, state owned utilities
are closer to private utilities’ performance in countries with strong institutions to control
corruption.

The coefficient on the interaction of privatization and corruption is positive in sign but noisily
estimated (Tables 17 & 18, columns 1 and 2). The positive sign suggests that in countries with
greater control of corruption, the difference in reliability performance between private and state-
owned utilities is lower. Figure 4 summarizes this heterogeneity graphically: in settings with weak
corruption control, private utilities provide more reliable electricity service than their public
counterpart, but this gap narrows substantially when corruption is better controlled. Table 19
reports the correlation between corruption and privatization indicators, showing that utilities are
less likely to be privately owned in countries with higher control of corruption. This pattern in the
data suggests that more reliable electricity in countries with higher control of corruption is not
necessarily through the channel of privatization reforms.
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4. Discussion

Analysis of the newly compiled UPBEAT database on utility performance across a large sample
of 93 countries confirms that low-income countries suffer from unreliable electricity. Further,
linking this new database to country-level measures of institutions reveals that reliability is
systematically worse in countries with weak control of corruption. This section uses available case
studies and other evidence to examine the potential channels through which country-level
institutions of corruption might account for unreliable electricity. This institutional lens yields
forward-looking ideas for approaching utility reforms in the presence of weak institutions.

Potential channels behind the corruption and unreliability correlation. A starting point is to
understand how low income alone can explain unreliable electricity, even without considering the
role of institutions. Carranza and Meeks (2021) provide a clear summary of how low income means
a lack of adequate financing to invest in generation capacity, upgrading, and innovation to meet
system demands. However, given the evidence on the long-run economic growth effects of access
to infrastructure, perhaps the real puzzle is why low-income countries are not able to raise the
financing against the prospects of future income growth to do what it takes to deliver reliable
electricity (Gardner & Henry, 2023). Weak institutions to control corruption might be a
fundamental answer to this puzzle. At a macro-level, lack of financing for investment in reliable
electricity could be the result of a lack of credibility that financiers will receive sufficient returns
from investing in high-corruption environments (Alfaro et al, 2008).

Published case studies illustrate the different channels that could account for the correlation in the
data between reliability and corruption indicators. One, even when private investments are
attracted, such as to increase generation capacity to allow the system to meet demands, weak
institutions can affect the extent to which those investments and increased capacity translate into
reliable services for customers. For example, Ghana’s expansion of generation capacity to respond
to severe power shortages and extended blackouts during 2011-16 shows that Power Purchase
Agreements (PPAs) with Independent Power Producers (IPPs) were conducted through non-
transparent, non-competitive processes. Reliability remained a problem even in the presence of
excess generation capacity because of weak integration with and planning of the power system.
Bottlenecks persisted at the level of distribution utilities, which lacked the financial capacity to
deliver reliable electricity. The fiscal cost of the government’s non-transparent procurement of
excess generation capacity ultimately prevented the system from becoming sufficiently reliable
and trusted by customers (Ackah et al., 2021).

The above case study thus illustrates one channel through which weak institutions could affect
utility performance: grand corruption at higher levels involving powerful national elites who
embezzle public funds or collude in procurement contracts to saddle the system with high costs.
The electricity sector may be particularly susceptible to these channels of elite capture, which have
been extensively examined in the literature on weak institutions (Acemoglu & Robinson, 2008;
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Andersen et al., 2022), because of the potential for rents from large infrastructure investments
(Knack and Keefer, 2007). Elite political capture can cast a long shadow on incentives down the
chain of command in the public sector (World Bank, 2016; Khemani, 2019), affecting how utilities
and regulatory agencies function in delivering and regulating electricity policies.

Second, another channel through which weak institutions can affect utility performance and the
reliability of electricity supply is through more widespread corruption in society, often in collusion
with frontline utility staff. A case study from Kenya illustrates this channel (Boamah et al, 2021).
Utility staff narrated to the authors how urban syndicates provide illegal electricity connections to
slum dwellers with substandard electrical materials, collecting revenue for themselves. Aware of
the locations of these ‘hotspots’ of power theft, utility staff nevertheless did not intervene to
disconnect and disrupt these practices, fearing violent retribution. These syndicates are regarded
as “almost invincible due to their strong network ties with officials in the electricity sector and
electrical grid technicians” (Boamah et al., 2021, page 6). The authors describe how even when
“political will” at higher levels leads to crackdowns on syndicates, new cases continue to emerge.

Burgess et al. (2020) describe a vicious cycle in electricity distribution in India stemming from
widespread norms of non-payment for electricity. In step 1 of the cycle, theft and non-payment are
endemic. In step 2, as a consequence, distribution companies incur financial losses, losing money
on every unit of electricity supplied. In step 3, to contain these losses, utilities (often under
government direction) ration supply, institute load shedding, or frequent blackouts, or avoid
expanding service to certain areas. Finally, in step 4, the relationship between payment and supply
is completely broken: customers no longer see a reason to pay their bills because power is
unreliable or intermittent, and utilities no longer see customers as essential for revenue (they rely
on government bailouts).

Non-payment norms in society may be connected with actual or perceived elite capture. For
example, Boamah et al. (2021) report that, based on conversations in their fieldwork, citizens
describe bribery and theft as a justifiable means to gain access to electricity in a system where the
powerful can get away with rent extraction and are not trusted to deliver electricity at “fair” prices.
Other examples include non-payment of electricity bills by powerful institutional actors, such as
Water Boards in Malawi, who can set norms for non-payment as prominent social actors (World
Bank, 2025; Acemoglu & Johnson, 2017).

Third, measures of weak institutions at the country-level are likely to be correlated with weak
incentives and low effort within utility management and among frontline staff. Dal Bo and Rossi
(2007) argue that managers in contexts of weak institutions to control corruption have weaker
incentives to exert effort to improve productivity, focusing instead on extracting rents for
themselves. Using the World Business Environment Surveys of firms in 21 transition economies
in Eastern Europe and Central Asia in the 1990s, Clarke and Xu (2004) find that firms are more
likely to pay bribes to utilities in the public sector, and that firms with larger overdue bills are more
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likely to pay bribes. This evidence directly supports the mechanism that incentives of utility
managers and staff to improve performance are likely to be weaker in contexts where bribery and
accepting bribes are less likely to be sanctioned.

Countries with weak institutions to control corruption also tend to be places where political
contestation involves “clientelism,” the exchange of targeted private benefits, such as government
jobs, other public benefits, and outright cash for votes (Keefer, 2007; Keefer & Vlaicu, 2008). The
electricity sector is susceptible to the pernicious effects of such clientelist political practices. A
large body of empirical evidence, primarily from South Asia, shows that politicians influence or
collude with frontline utility staff not only for rent extraction but also to use electricity as a tool of
clientelist political contestation, deciding who gets electricity, when, and who suffers blackouts
(Min & Golden, 2014; Min, 2015; Baskaran et al., 2014; Mahadevan, 2024). For example,
Mahadevan (2024) provides evidence from India of how Members of Parliament influence
frontline utility staff to direct electricity to their constituents and bills to others, especially around
election times. Political influence over staffing and appointments in utilities can also contribute to
low effort and weak incentives within utility management and among frontline staff.

Taken together, the available case studies across developing countries, and the large sample
empirical research from South Asia, the region with the worst reliability, show that countries where
the electricity sector performs poorly are also those with direct evidence of corruption in the sector.
Corruption norms in the sector are widespread in society, bureaucracy, and politics, as reflected in
electricity theft and non-payment of bills by citizens, bribery and rent-seeking by utility staff and
local politicians (Smith, 2004; Williams & Ghanadan, 2006; World Bank, 2016; Mahadevan,
2024). Pervasive corruption among different actors would explain persistently unreliable
electricity in the worst performing energy sectors of the world fundamentally as the result of weak
performance incentives. That is, these corruption incentives can be viewed as driving other
proximate determinants of reliability, such as large T&D losses, and little financial viability of
infrastructure upgrades/maintenance/technical innovations or expansion/diversification of
generation capacity, making electricity, in effect, a rationed good.

Implications for “standard reforms”. Cognizant of the role of corruption in the public sector
because of political incentives to seek rents from public office, the “standard reforms” package
long pursued by experts is that of reducing political discretion and opening up the electricity
market to private market incentives (Joskow, 2006; Gratwick & Eberhard, 2008; Kessides, 2012;
Foster & Rana, 2019). Beginning in the early 1990s, a wave of restructuring in the United States,
the United Kingdom, Chile, and other countries with pro-market reforms separated generation
from the network and introduced wholesale competition. Fabrizio et al. (2007) found that investor-
owned power plants in U.S. states that introduced competitive generation markets and incentive
regulation achieved larger reductions in operating costs, particularly in terms of fuel efficiency
gains, compared to plants in traditionally regulated states. Likewise, Joskow (2006) and Borenstein
& Bushnell (2015) report broader productivity and customer-service improvements. Similar
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experience has been reported in emerging economies. India’s unbundling of some state electricity
boards in the early 2000s reduced technical losses and improved supply reliability in reforming
states such as Gujarat (Sareen, 2017). Vietnam’s creation of a competitive generation market in
the 2010s attracted private investment and raised operating efficiency (Lee & Gerner, 2020). In
Uganda, the leasing of the country’s distribution network to a private operator reportedly reduced
distribution losses from about 35% at takeover in 2005 to around 16% in 2019 (Vaishnava, 2024).

Estimates of the impact of standard reforms are based on case studies and cross-country
correlations (Bacon, 2018; Wren-Lewis, 2015; Estache et al, 2009; Imam et al, 2019). Reviewing
the evidence, Bacon (2018) concludes that the strongest result available is that private sector
participation likely leads to improvements in labor efficiency and distribution losses, but with
variation in estimated impact across studies. Two areas are highlighted as lacking evidence and
needing future research: bill collection and duration and frequency of outages. This paper takes a
step toward addressing the latter. The new data reveal that duration and frequency of outages are
lower among privately owned utilities, and, regardless of ownership, in countries when there is
stronger control of corruption.

Unfortunately, the new data does not contain measures of bill collection, to address this gap
identified in Bacon (2018). However, the distribution losses in the data are expected to include
commercial losses such as from uncollected bills. The data reveal that, regardless of ownership,
distribution losses of utilities are significantly lower in countries with stronger control of
corruption. This new evidence, including utility-level variables and fixed effects for the first time
in the literature, is consistent with and builds upon prior evidence. Using country-level reports of
T&D losses from 153 countries over 1990-2002, Estache et al (2009) found that countries with
weaker control of corruption have larger losses. Imam et al. (2019) analyzed a sample of 47 Sub-
Saharan African countries, from 2002 to 2013 and found that countries with weaker control of
corruption have larger country-level reported T&D losses.

The data also reveal that privatization is less likely in countries with high control of corruption, a
finding that needs further investigation to understand, since one might have expected the opposite.
Which utilities are privatized and when is likely a decision endogenous to prevailing political
incentives and institutions. While on average there is strong evidence that privately owned utilities
perform better, it does not follow that any poorly performing public utility would improve if it
were turned over to private ownership. In contexts of weak control of corruption, efforts to
restructure the electricity sector can be captured by the very political incentives that the standard
reforms seek to bypass. In their analysis of the large sample of 153 developing countries, Estache
et al. (2009) conclude that reforms have had weak effects at best in the presence of corruption.
Wren-Lewis (2015), in contrast, finds significant evidence in a panel of electricity distribution
firms across 18 countries in Latin America and the Caribbean from 1995 to 2007 that the presence
of an IRA is associated with a lower negative impact of corruption on labor efficiency. However,
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Imam et al. (2019) find that IRAs are associated with greater T&D losses in their sample of Sub-
Saharan African countries. Martimort and Straub (2009) show how, in the presence of corruption
or untrustworthy politicians, privatization may lead to greater corruption in how services are
priced, with rents shared between politicians and private utility managers, resulting in public
discontent with the privatization process.

Qualitative case studies are also available which show how opening up the electricity sector to
privatization is affected by corruption. For example, Roy et al. (2023) and World Bank (2023)
examine Nigeria’s high-profile privatization of 11 distribution companies in 2013. They find that
privatization failed to improve service or financial viability because the private owners in Nigeria
lacked experience and were often politically connected insiders; tariffs remained non-cost-
reflective, and losses stayed extraordinarily high, leading to a situation where the government had
to continuously bail out the sector post-privatization. The Nigerian case study suggests that
performance did not improve because the incentives of private operators continued to be shaped
by political incentives for rent-seeking. This underscores that simply changing ownership without
fixing the incentive environment may not yield results. Indeed, the new evidence uncovered in this
paper suggests that publicly owned utilities in countries with high control of corruption can
perform closer to the levels of privately owned utilities in low control of corruption settings.

The literature has acknowledged that private ownership is not a magic bullet: its success depends
on the surrounding institutional environment such as effective regulatory oversight (Akcura &
Mutambatsere, 2024). Existing evidence suggest that private participation yields the desired results
only when coupled with sound regulation and competition (Zhang et al., 2008). The extensive
survey by Megginson & Netter (2001) found that privatization generally improved firm
performance in competitive industries, but results were more mixed in monopolistic utilities where
regulation plays a big role. The extent to which regulation protects consumer interests in the face
of monopoly power would be subject to the same institutions and political incentives for corruption
which regulated privatization is intended to overcome (Martimort and Straub, 2009). Guasch,
Laffont, and Straub (2007) argue for the importance of designing regulations to prevent political
opportunism and corruption through their examination of renegotiations of concessions to the
private sector to operate transport and water infrastructure in Latin American countries.

Forward-looking ideas for how to approach reforms. The foregoing discussion has made the
following points which suggest a need for new ideas on how to approach utility reforms in contexts
of weak institutions: one, weak political incentives to pursue and achieve the standard reforms as
intended to improve utility performance; and two, widespread distrust and norms of corruption
which hobble the performance of publicly owned utilities and prevent successful privatization.
Approaching utility reforms as a well-known area of policy action that only requires “political
will” to institute would be turning a blind eye to the available literature on incentives and
institutions from which lessons and insights can be distilled to apply to utility reforms. Even
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leaders with incentives to reform, and thus with the “political will”, face questions about how to
strengthen incentives of myriad other actors in the system and build trust with society.

Four broad ideas are outlined below to approach utility reforms in weak institutional contexts by
acknowledging lack of readily available knowledge and partnering with reform leaders to
experiment with interventions to strengthen incentives and build trust:

e One, purposefully designed surveys are needed to measure internal incentives and
management culture in utilities to examine how these respond to different management
practices and incentive contracts. A case study of Kenya’s experience with a private
management contract to run a publicly owned utility from 2006 to 2008 suggests that
management practices alone, without any changes in the utility's staffing, led to substantial
improvements in performance (Twesigye, 2024). However, there is no data available to
assess this claim. Leaders with the “political will” to reform could use more evidence to
pursue management practices and incentive contracts to strengthen utility performance.'”
The World Development Report 2004, Making Services Work for Poor People (Ahmad et
al., 2004) spawned knowledge on incentives and culture in public services in health and
education, which helped reform leaders improve those services. Similar evidence is
missing in the electricity sector.

e Two, following from one, evidence from systematic surveys of utility staff and
management is valuable information that can be used for both internal deliberations within
utilities and external pressure for greater accountability to deliver reliable services at fair
prices. Research on institutional reforms of complex organizations has highlighted the role
of deliberation to shift performance norms (Canen & Wantchekon, 2022; Atchade &
Wantchekon, 2009). Greater transparency of utility finances and performance has been
argued to be an important element for strengthening incentives (Ackah et al., 2021). There
is scope to leverage this intuition into designing management interventions, testing and
evaluating their impact.

e Three, while utility outreach to customers has been on the policy table as an instrument to
overcome the vicious cycle described in the discussion above—of theft and non-payment
of bills leading full circle to intermittent supply and high costs which customers are not
willing to pay for—there is no evidence on how such outreach could be designed to break
the cycle. While Randomized Control Trials (RCTs) in other sectors have been used to
build evidence on the efficacy of different interventions (for example, with water utilities
in Devoto et al. 2012, and with ministries of health, education, and social protection

15 There is a role for “light touch” technologies to better measure performance (both reliability performance of
utilities) but also performance of managers and utility workers, for 'high-frequency' granular data which could be
used in a dynamic incentive scheme. We thank Abdoulaye Cisse for this point.
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reviewed in Duflo, 2020), there is no evidence on this important class of interventions for
electric utilities. Other institutional interventions, which have been widely tried in other
sectors to improve incentives and performance of public service delivery organizations,
such as community participation, have not been tried and evaluated in the electricity sector
(Baditzirai et al., 2021).

e Four, political incentives for electricity reforms could be strengthened through strategic
decentralization to locally elected governments and deliberation in community meetings
(Dabalen et al., 2025; Keefer & Khemani, 2024; Devarajan & Khemani, 2023; Bidwell et
al., 2020; World Bank, 2016; Casey, 2015; Fujiwara & Wantchekon, 2013). While much
of electricity sector and utilities policies need to be centralized for national planning of
energy systems, and technical capacity to manage the engineering complexity of these
systems, some aspects of monitoring local service delivery could be decentralized to locally
elected governments to thwart some national politicians’ harmful interference in the work
of frontline staff (Mahadevan, 2024; Khemani, 2025). This idea builds on evidence that
shows that, instead of trying to bypass politics when it is a problem, interventions can be
designed to strengthen political incentives by using local forces of political contestation
and media for deliberation (World Bank, 2016). More research and evidence are needed
on the potential of locally elected, community-embedded political leaders to support rather
than hinder utilities from delivering reliable services.!® Utilities may need these local
political representatives to build trust with customers and the legitimacy of tariffs as fair
and necessary to support reliable service delivery.

5. Conclusion

This paper provides new evidence on the variation in reliability of electricity across developing
countries. Using the UPBEAT database on utilities and connecting it to established data on
country-level institutions, the paper finds that service outages are longer and more frequent in
countries with weaker institutions to control corruption. The potential channels behind this
correlation in the data are examined using published case studies of how corruption influences
utility performance and the functioning of the electricity sector. These empirical results, and their
consistency with available case studies of the underlying channels, have implications for how to
approach utility reforms. These implications are outlined to propose future knowledge work to

16 Case studies of the experience of South Africa’s ESKOM provide anecdotes of how local politicians sabotaged
technical infrastructure as one way to resist reforms which would have taken away their rents (cited in Bowman,
2020). One hypothesis for how national reform leaders were able to rescue or insulate reforms from such rent-
seeking politicians is that their incentives changed as they faced an electorate who would likely no longer tolerate
such rent-seeking activities because of increasing costs to the broader public interest. Research is available on the
role of locally elected politicians in turning around performance of public schools and health clinics (World Bank,
2016; Khemani, 2019; Habyarimana et al, 2023).
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help reformers experiment with and evaluate different strategies to turn around utility performance
in the context of weak institutions.

Policy makers often use successful examples of reforms that have worked in some countries to try
to replicate the success in others. The evidence on variation in performance of utilities across
countries provided in this paper suggests that such replication efforts are likely to run into the
problem of weak institutions, which are country specific. Policies, such as the standard reform
package of privatization and regulation, which may have worked in a country with strong
institutions may fail in others where weak institutions allow rent-seekers to capture the policy
process or manipulate the de facto implementation in ways that depart from de jure design or
intentions. Utility reform efforts could derive insights from the literature on how institutional
change comes about and apply these to designing reforms more carefully to strengthen
performance incentives. This opens up a large avenue for future work to help reform leaders
design, test, and evaluate reforms in their specific institutional contexts.
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Tables and Figures

Figure 1: Power Outage Duration (left) and Frequency (right) by Region
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Figure 2: Outage Duration (left) and Frequency (right) against GDP per capita
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Figure 3: Outage Duration (left) and Frequency (r

ight) against Control of Corruption
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Figure 4: Outage Duration (left) and Frequency (right) by Ownership and Corruption
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Table 1: Utility Performance by Income Groups

(1) () A3) “) 6)) (6)
SAIDI-D SAIFI-D Distribution ~ Transmission System Average
(hours/year) (inter./year) losses (%) losses (%) losses (%) op. cost
($/kWh)
Low income 80.426%*** 60.349%** 4.811%** -1.506%** 12.960%** 0.019**
(17.814) (11.997) (1.375) (0.502) (1.872) (0.009)
Lower middle income 6.174 8.639 2.297** -2.344%%* 11.267%** 0.020%**
(14.120) (9.848) (1.074) (0.472) (2.021) (0.007)
East Asia & Pacific -25.316 -15.076 -7.139%** -4.132%** 2.988 0.053%**
(20.458) (11.545) (1.613) (0.874) (5.885) (0.010)
Europe & Central Asia -15.494 -9.764 1.456 -3.742%** -0.071%**
(17.804) (12.212) (1.463) (0.540) (0.009)
Latin America & -14.627 -6.872 0.762 -2.683%** 11.174%*%  -0.024***
Caribbean
(18.050) (11.692) (1.256) (0.610) (2.408) (0.009)
MENA -20.668 -5.027 1.020 -4, 749%** 0.007
(27.672) (24.528) (1.782) (0.733) (0.012)
South Asia 78.594%** 84.691*** 2.472%* -1.535%** -3.203 -0.053***
(18.723) (12.394) (1.119) (0.483) (2.410) (0.008)
N 427 379 448 250 218 1216
R-squared 0.233 0.328 0.199 0.467 0.298 0.401

Notes: Sub-Saharan Africa, “High income,” and “Upper middle income” are the omitted categories. All
specifications include total assets (US$) and utility type fixed effects. Columns (3-5) include grid length (km) as an
additional control. SAIDI measures the total hours of service interruption the average customer experiences

annually, while SAIFI counts the number of outages the average customer experiences in a year. Standard errors are

in parentheses. * p<0.10, ** p<0.05, *** p<0.010.
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Table 2: Utility Performance and GDP per capita

(1) 2 3) “) (%) (6)
SAIDI-D SAIFI-D Distribution Transmission System Average op.
(hours/year) (inter./year) losses (%) losses (%) losses (%) cost ($/kWh)
Log(GDP Per Capita, -35.160%*** -25.496%** -2.345%*%* 0.008 -4.730%** -0.014***
$)
(6.841) (4.481) (0.626) (0.216) (0.590) (0.004)
East Asia & Pacific -11.324 -10.398 -6.362%** -3 112%** 2.153 0.060%**
(20.202) (11.432) (1.673) (0.924) (5.582) (0.010)
Europe & Central Asia -4.188 -3.211 2.566 -2.336%** -0.064***
(17.657) (11.611) (1.594) (0.584) (0.009)
Latin America & 11.499 7.011 1.949 -1.576%* 11.259%** -0.016
Caribbean
(17.522) (11.093) (1.425) (0.691) (2.2406) (0.010)
MENA 4.493 28.887 1.488 -2.982%** 0.017
(27.675) (25.392) (1.807) (0.765) (0.012)
South Asia 58.001*** 67.098*** 2.232%* -1.914%** -2.587 -0.048%**
(18.078) (11.823) (0.973) (0.496) (2.320) (0.008)
N 427 379 448 250 218 1216
R-squared 0.225 0.322 0.202 0.412 0.339 0.403

Notes: Sub-Saharan Africa is the omitted category. All specifications include size (total assets, US$) and utility type
fixed effects. Columns (3—5) include grid length (km) as an additional control. Standard errors are in parentheses. *

p<0.10, ** p<0.05, *** p<0.010.
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Table 3: Utility Performance and Corruption

(1) ) 3) 4) &) (6)
SAIDI-D SAIFI-D Distribution ~ Transmission System Average op.
(hours/year) (inter./year) losses (%) losses (%) losses (%) cost
($/kWh)
Corruption -39.607%** -20.674%** -2.286%** -0.923%** -1.987** -0.002
(10.275) (7.935) (0.613) (0.241) (0.918) (0.004)
N 344 296 429 225 147 1024
R-squared 0.111 0.056 0.078 0.325 0.216 0.319

Notes: All specifications include total assets (US$) and utility type fixed effects. Columns (3—5) include grid length
(km) as an additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05, *** p<0.010.

Table 4: Utility Performance, Corruption and Income Groups

(1 2) 3) “4) ) (6)
SAIDI-D SAIFI-D Distribution  Transmission System Average op.
(hours/year) (inter./year) losses (%) losses (%) losses (%) cost
($/kWh)
Corruption -44.926%** -23.447%** -1.713%** -1.233%** -1.849%* 0.004
(10.204) (7.171) (0.618) (0.269) (1.100) (0.004)
Low income 49.085%* 40.434** 3.080** -3.208%** 5.815%* 0.033%**
(20.713) (16.500) (1.452) (0.619) (2.821) (0.008)
Lower middle income -10.468 1.252 1.822 -3.617%** 2.049 -0.010%*
(16.099) (14.276) (1.110) (0.567) (3.078) (0.006)
East Asia & Pacific -33.628 -18.654 -6.863%** -4.7744%x* -4.411 -0.016*
(22.242) (15.754) (1.610) (0.885) (5.870) (0.009)
Europe & Central Asia -21.057 -14.903 1.567 -4.598%** -0.067%**
(19.721) (16.648) (1.507) (0.604) (0.007)
Latin America & -19.513 -10.327 0.790 -2.823%** 7.374%%%* -0.026***
Caribbean
(19.957) (15.149) (1.261) (0.621) (2.795) (0.007)
MENA 6.062 11.509 1.807 -5.045%** 0.007
(28.586) (27.064) (1.795) (0.769) (0.009)
South Asia 95.821%** 91.802%** 3.094** -1.404** -0.319 -0.026***
(19.701) (13.917) (1.249) (0.661) (7.311) (0.007)
N 344 296 429 225 147 1024
R-squared 0.289 0.356 0.212 0.506 0.302 0.435

Notes: All specifications include total assets (US$) and utility type fixed effects. Columns (3—5) include grid length
(km) as an additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05, *** p<0.010.
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Table 5: Utility Performance, Corruption and GDP per capita

) (2 3) (G (%) (6)
SAIDI-D SAIFI-D Distribution  Transmission System Average op.
(hours/year) (inter./year) losses (%) losses (%) losses (%) cost
($/kWh)
Corruption -43.896%** 22 342%** -1.625%* -0.802** -0.348 0.008**
(10.366) (7.193) (0.652) (0.313) (1.210) (0.004)
Log(GDP Per Capita,  -21.127*%* -24.267%%* -1.182%* 0.514* -4.159%** -0.020%**
$)
(9.890) (7.650) (0.716) (0.290) (1.176) (0.004)
East Asia & Pacific -21.735 -1.910 -6.767*** -3.584*** 0.747 -0.011
(23.216) (16.294) (1.685) (0.972) (5.728) (0.009)
Europe & Central Asia -10.918 5.143 1.713 -2.947%** -0.050%**
(21.059) (16.518) (1.725) (0.674) (0.008)
Latin America & 1.992 13.382 0.909 -1.918*** 11.427%*** -0.008
Caribbean
(21.510) (15.472) (1.487) (0.733) (2.921) (0.008)
MENA 25.047 50.162* 1.704 -3.346%** 0.015
(29.598) (28.931) (1.811) (0.823) (0.009)
South Asia 75.449%** 78.302%** 3.095%** -2.047*** -0.508 -0.046%**
(19.090) (13.206) (1.029) (0.692) (6.999) (0.006)
N 344 296 429 225 147 1024
R-squared 0.267 0.350 0.208 0.415 0.328 0.433

Notes: All specifications include total assets (US$) and utility type fixed effects. Columns (3-5) include grid length
(km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05, *** p<0.010.

Table 6: Utility Performance and Corruption, With Country Fixed Effects

(1) 2) 3) “) 6)) (6)
SAIDI-D SAIFI-D Distribution Transmission System  Average
(hours/year) (inter./year) losses (%) losses (%) losses op. cost
(%) ($/kWh)
Corruption -12.913 -0.172 -1.085 0.005 1.139 -0.006
(11.018) (8.617) (0.855) (0.211) (1.136) (0.004)
N 342 294 427 223 145 1024
R-squared 0.770 0.777 0.603 0.925 0.900 0.806

Notes: The data on control of corruption is obtained from International Country Risk Guide (ICRG). All
specifications include total assets (USS$), country fixed effects and utility type fixed effects. Columns (3—
5) include grid length (km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05,

*#% p<0.010.
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Table 7: Utility Performance, Corruption and Income, With Country Fixed Effects

(1) () 3) “4) (%) (6)

SAIDI-D SAIFI-D Distribution Transmission System  Average
(hours/year) (inter./year) losses (%) losses (%) losses op. cost
(%) ($/kWh)

Corruption -9.823 -0.365 -1.231 0.004 0.504 -0.006
(11.008) (8.617) (0.852) (0.211) (1.232) (0.004)

Log(GDP Per  -103.150** -38.078 -7.868** -0.944 6.587 -0.008

Capita, $)

(43.160) (36.082) (3.348) (0.849) (5.031) (0.014)

N 342 294 427 223 145 1024

R-squared 0.774 0.778 0.608 0.925 0.901 0.806

Notes: The data on control of corruption is obtained from International Country Risk Guide (ICRG). All
specifications include total assets (USS$), country fixed effects and utility type fixed effects. Columns (3—
5) include grid length (km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05,
skskk

p<0.010.

Table 8: Utility Performance, Corruption and Income, With Country Fixed Effects

(1) 2) 3) “) &) (6)

SAIDI-D SAIFI-D Distribution Transmission System  Average
(hours/year) (inter./year) losses (%) losses (%) losses op. cost
(%) ($/kWh)

Corruption -13.540 -0.895 -1.132 0.011 1.181 -0.006
(11.030) (8.601) (0.858) (0.212) (1.184) (0.004)
Low income 31.741 27.855 2.478 0.168 1.683 -0.030%**
(39.414) (32.428) (2.638) (0.676) (3.520) (0.014)
Lower middle -0.681 -2.354 0.906 0.312 2.236 -0.025%*

income

(31.686) (28.025) (1.913) (0.503) (3.113) (0.010)

N 342 294 427 223 145 1024

R-squared 0.772 0.780 0.604 0.925 0.900 0.807

Notes: The data on control of corruption is obtained from International Country Risk Guide (ICRG). All
specifications include total assets (USS$), country fixed effects and utility type fixed effects. Columns (3—
5) include grid length (km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05,
**% p<0.010.

31|Page



Table 9: Utility Performance and Corruption, with Utility Fixed Effects

(1) () 3) “4) (%) (6)

SAIDI-D SAIFI-D Distribution Transmission System  Average
(hours/year) (inter./year) losses (%) losses (%) losses op. cost
(%) ($/kWh)

Corruption -12.894%* 0.125 -0.733* 0.005 1.139 -0.004
(7.459) (5.485) (0.413) (0.211) (1.136) (0.003)

N 342 294 425 222 145 1021
R-squared 0.902 0.915 0.914 0.924 0.900 0.904

Notes: The data on control of corruption is obtained from International Country Risk Guide (ICRG). All
specifications include total assets (US$), utility fixed effects and utility type fixed effects. Columns (3-5)
include grid length (km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05,
**% p<0.010.

Table 10: Utility Performance, Corruption and Income, With Utility Fixed Effects

(D () 3) “) &) (6)
SAIDI-D SAIFI-D Distribution Transmission System  Average
(hours/year) (inter./year) losses (%) losses (%) losses op. cost
(%) ($/kWh)
Corruption -9.740 0.001 -0.926** 0.004 0.504 -0.004
(7.360) (5.466) (0.395) (0.211) (1.232) (0.003)
Log(GDP Per  -103.431%*%%* -37.952%* -9.811%*** -0.944 6.587 -0.018*
Capita, $)
(28.756) (22.901) (1.644) (0.849) (5.031) (0.010)
N 342 294 425 222 145 1021
R-squared 0.906 0.916 0.922 0.925 0.901 0.905

Notes: The data on control of corruption is obtained from International Country Risk Guide (ICRG). All
specifications include total assets (USS$), utility fixed effects and utility type fixed effects. Columns (3-5)
include grid length (km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05,
*** p<0.010.

Table 11: Utility Performance, Corruption and Income, With Utility Fixed Effects

(1) () 3) “4) (%) (6)
SAIDI-D SAIFI-D Distribution Transmission System  Average
(hours/year) (inter./year) losses (%) losses (%) losses op. cost
(%) ($/kWh)
Corruption -13.475% -0.553 -0.781* 0.011 1.181 -0.004
(7.438) (5.414) (0.412) (0.212) (1.184) (0.003)
Low income 31.281 28.092 2.592%%* 0.168 1.683  -0.027%**
(26.292) (20.260) (1.264) (0.676) (3.520) (0.010)
Lower middle -0.675 -2.348 0.973 0.312 2.236  -0.023%**
income
(21.093) (17.482) (0.920) (0.503) (3.113) (0.008)
N 342 294 425 222 145 1021
R-squared 0.904 0.918 0.915 0.925 0.900 0.905

Notes: The data on control of corruption is obtained from International Country Risk Guide (ICRG). All
specifications include total assets (USS$), utility fixed effects and utility type fixed effects. Columns (3-5)
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include grid length (km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05,
**% p<0.010.

Table 12: Utility Performance and Ownership

(1 2) 3) “4) ®) (6)
SAIDI-D SAIFI-D Distribution  Transmission System Average op.
(hours/year) (inter./year) losses (%) losses (%) losses (%) cost
($/kWh)
Private (0/1) -58.294%** -37.109%*** -1.639% -4.604* -1.132 -0.012*
(11.022) (8.614) (0.877) (2.371) (2.949) (0.007)
N 427 379 448 250 218 1216
R-squared 0.121 0.078 0.059 0.308 0.117 0.303

Notes: All specifications include total assets (US$) and utility type fixed effects. Columns (3-5) include grid length
(km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05, *** p<0.010.

Table 13: Utility Performance, Ownership and Income Groups

(1) () 3) “) &) (6)
SAIDI-D SAIFI-D Distribution ~ Transmission System Average op.
(hours/year) (inter./year) losses (%) losses (%) losses (%) cost
($/kWh)
Private (0/1) -46.157%** -18.625%* -1.311 -2.800 3.421 -0.005
(10.868) (7.835) (0.883) (2.157) (2.733) (0.007)
Low income 76.887*** 60.645%** 5.021%** -1.522%*%* 13.499%** 0.019**
(17.479) (11.922) (1.380) (0.501) (1.919) (0.009)
Lower middle income 5.955 9.625 2.295%* -2.308%** 11.662%** 0.020%**
(13.839) (9.795) (1.072) (0.472) (2.043) (0.007)
East Asia & Pacific -28.976 -17.020 S7.175%** -4.136%** 3.383 0.052%**
(20.069) (11.502) (1.611) (0.873) (5.885) (0.010)
Europe & Central Asia -15.189 -9.022 1.777 -3.702%** -0.071%**
(17.449) (12.139) (1.477) (0.540) (0.009)
Latin America & -3.094 -2.880 1.100 -2.694%** 11.589%** -0.023%*
Caribbean
(17.898) (11.739) (1.274) (0.609) (2.428) (0.009)
MENA 1.652 -3.110 1.723 -4.693*** 0.008
(27.625) (24.387) (1.842) (0.733) (0.012)
South Asia T4.773%*** 79.605%** 2.429%* -1.424%** -3.520 -0.053***
(18.373) (12.501) (1.118) (0.489) (2.420) (0.009)
N 427 379 448 250 218 1216
R-squared 0.265 0.338 0.203 0.471 0.303 0.402

Notes: All specifications include total assets (US$) and utility type fixed effects. Columns (3-5) include grid length
(km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05, *** p<0.010.
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Table 14: Utility Performance, Ownership and GDP per capita

(1) @) 3) “) 6)) (6)
SAIDI-D SAIFI-D Distribution ~ Transmission System Average op.
(hours/year) (inter./year) losses (%) losses (%) losses (%) cost
($/kWh)
Private (0/1) -44.961%** -16.499** -1.056 -3.436 3.081 -0.004
(10.945) (7.884) (0.874) (2.248) (2.623) (0.007)
Log(GDP Per Capita, -32.736%** -24 .879%** -2.362%** 0.017 -4.861%** -0.013***
$)
(6.740) (4.470) (0.625) (0.215) (0.600) (0.004)
East Asia & Pacific -16.584 -12.928 -6.437*** -3.132%** 2.395 0.060%**
(19.869) (11.444) (1.673) (0.921) (5.581) (0.010)
Europe & Central Asia -5.420 -3.629 2.774% -2.308%*** -0.064%**
(17.333) (11.559) (1.603) (0.582) (0.009)
Latin America & 20.106 9.158 2.170 -1.603** 11.557*** -0.015
Caribbean
(17.324) (11.090) (1.4306) (0.689) (2.258) (0.010)
MENA 23.884 29.154 1.990 -2.944%** 0.017
(27.568) (25.276) (1.853) (0.763) (0.012)
South Asia 55.147%%* 63.065%** 2.135%* -1.763*** -2.843 -0.049%**
(17.756) (11.926) (0.976) (0.505) (2.328) (0.008)
N 427 379 448 250 218 1216
R-squared 0.256 0.330 0.205 0.418 0.343 0.403

Notes: All specifications include total assets (US$) and utility type fixed effects. Columns (3-5) include grid length
(km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05, *** p<0.010.
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Table 15: Utility Performance, Corruption, and Ownership, controlling for Income Groups

(1 () 3) “4) ®) (6)
SAIDI-D SAIFI-D Distribution ~ Transmission System Average op.
(hours/year) (inter./year) losses (%) losses (%) losses (%) cost
($/kWh)
Corruption -45.330%** -24.065%** -1.808*** -1.272%%* -1.732 0.003
(9.896) (7.102) (0.619) (0.270) (1.116) (0.004)
Private (0/1) -50.748*** -22.018%** -1.477* -3.299 1.893 -0.007
(10.829) (8.416) (0.873) (2.205) (2.871) (0.005)
Low income 45.376** 42 .823*** 3.318** -3.332%** 6.630%* 0.031%**
(20.103) (16.358) (1.455) (0.617) (3.086) (0.008)
Lower middle income -8.962 5.494 1.811 -3.595%** 2.711 -0.010%*
(15.616) (14.224) (1.108) (0.565) (3.244) (0.006)
East Asia & Pacific -43.828%** -21.457 -6.866%** -4.7749%*** -3.808 -0.017*
(21.679) (15.630) (1.607) (0.882) (5.953) (0.009)
Europe & Central Asia -24.625 -11.615 1.991 -4.512%** -0.067%**
(19.140) (16.526) (1.524) (0.605) (0.007)
Latin America & -15.257 -5.326 1.203 -2.827*** 7.934% %% -0.026***
Caribbean
(19.375) (15.116) (1.282) (0.619) (2.926) (0.007)
MENA 24.811 14.193 2.670 -4.912%** 0.009
(28.009) (26.808) (1.862) (0.772) (0.009)
South Asia 84.736%** 83.879%** 3.083** -1.127 -2.125 -0.027***
(19.252) (14.104) (1.247) (0.684) (7.821) (0.007)
N 344 296 429 225 147 1024
R-squared 0.334 0.371 0.218 0.511 0.304 0.436

Notes: All specifications include total assets (US$) and utility type fixed effects. Columns (3-5) include grid length
(km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05, *** p<0.010.
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Table 16: Utility Performance, Corruption, and Ownership, controlling for GDP per capita

) (2 3) (G (%) (6)
SAIDI-D SAIFI-D Distribution  Transmission System Average op.
(hours/year) (inter./year) losses (%) losses (%) losses (%) cost
($/kWh)
Corruption -44.953%** D3 ATTH** -1.726%** -0.862%** 0.156 0.008*
(10.051) (7.143) (0.654) (0.314) (1.251) (0.004)
Private (0/1) -51.900%**  -20.878** -1.317 -3.784 4.251 -0.005
(10.991) (8.414) (0.868) (2.391) (2.861) (0.005)
Log(GDP Per Capita,  -16.928%* -22.736%** -1.185%* 0.549* -5.040%** -0.020%**
$)
(9.628) (7.607) (0.715) (0.289) (1.313) (0.004)
East Asia & Pacific -36.143 -8.061 -6.851%** -3.624%** 2.449 -0.012
(22.711) (16.337) (1.683) (0.969) (5.817) (0.009)
Europe & Central Asia -18.332 3.706 1.996 -2.895%** -0.051%**
(20.475) (16.380) (1.732) (0.672) (0.008)
Latin America & 0.431 13.175 1.184 -1.963%** 13.074%** -0.008
Caribbean
(20.854) (15.333) (1.496) (0.731) (3.112) (0.008)
MENA 39.713 48.372%* 2.379 -3.237*** 0.015*
(28.860) (28.681) (1.862) (0.823) (0.009)
South Asia 66.286%** 72.349%** 2.985%** -1.700%* -4.140 -0.046%**
(18.607) (13.306) (1.030) (0.724) (7.385) (0.006)
N 344 296 429 225 147 1024
R-squared 0.313 0.364 0.212 0.422 0.339 0.433

Notes: All specifications include total assets (US$) and utility type fixed effects. Columns (3—-5) include grid length
(km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05, *** p<0.010.
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Table 17: Utility Performance, and Interaction between Corruption and Ownership, controlling for income groups

(1) (2 3) “ ®) (6)
SAIDI-D SAIFI-D Distribution ~ Transmission System Average op.
(hours/year) (inter./year) losses (%) losses (%) losses (%) cost
($/kWh)
Private (0/1) -115.319%* -50.989 3.707 -5.423 25.781 0.001
(52.198) (43.482) (3.416) (9.421) (31.792) (0.020)
Corruption -49.149%** -25.599%** -1.426** -1.276%** -1.625 0.004
(10.338) (7.459) (0.664) (0.271) (1.127) (0.004)
Private (0/1) x 30.273 14.044 -2.372 1.060 -11.608 -0.004
Corruption
(23.940) (20.680) (1.511) (4.572) (15.386) (0.009)
Low income 46.227** 43.156*** 3.074%* -3.337*** 6.984** 0.032%**
(20.096) (16.381) (1.461) (0.619) (3.126) (0.008)
Lower middle income -8.183 6.007 1.704 -3.598%*%** 3.045 -0.010%*
(15.614) (14.257) (1.108) (0.567) (3.279) (0.006)
East Asia & Pacific -46.320%** -21.932 -6.877*** -4.7750%** -3.580 -0.017*
(21.749) (15.661) (1.604) (0.884) (5.970) (0.009)
Europe & Central Asia -27.032 -13.022 2.070 -4.5]3%** -0.066***
(19.217) (16.671) (1.522) (0.606) (0.008)
Latin America & -17.711 -6.629 1.198 -2.827*** 8.124%%* -0.025%**
Caribbean
(19.455) (15.252) (1.280) (0.621) (2.942) (0.007)
MENA 12.515 14.850 3.588* -4 91 1%** 0.010
(29.625) (26.851) (1.949) (0.774) (0.010)
South Asia 81.351%** 82.774%** 3.160** -1.125 -2.799 -0.027***
(19.419) (14.211) (1.245) (0.686) (7.884) (0.007)
N 344 296 429 225 147 1024
R-squared 0.337 0.372 0.222 0.511 0.307 0.436

Notes: All specifications include total assets (USS$) and utility type fixed effects. Columns (3-5) include grid length
(km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05, *** p<0.010.
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Table 18: Utility Performance, and Interaction between Corruption, and Ownership, controlling for GDP per capita

) (2 3) “) ) (6)

SAIDI-D SAIFI-D Distribution ~ Transmission System Average op.

(hours/year)  (inter./year) losses (%) losses (%) losses (%) cost

($/kWh)

Private (0/1) -111.603**  -56.409 5.100 -4.747 36.115 0.011

(52.995) (43.524) (3.400) (10.217) (30.812) (0.021)
Corruption -48.677***  25.339%** -1.181%* -0.863*** 0.346 0.009**

(10.554) (7.489) (0.709) (0.316) (1.264) (0.004)
Private (0/1) x 27.965 17.259 -2.945% 0.481 -15.473 -0.007
Corruption

(24.284) (20.742) (1.509) (4.958) (14.898) (0.009)
Log(GDP Per Capita, -16.389* -23.005%** -1.303* 0.550* -5.239%** -0.020%**
$)

(9.635) (7.618) (0.715) (0.290) (1.326) (0.004)
East Asia & Pacific -39.476* -8.604 -6.634%** -3.625%** 2.757 -0.011

(22.884) (16.359) (1.681) 0.971) (5.823) (0.009)
Europe & Central Asia -21.530 1.935 2.457 -2.896%** -0.049%**

(20.652) (16.527) (1.742) (0.674) (0.009)
Latin America & -3.241 11.545 1.525 -1.963*** 13.371%** -0.007
Caribbean

(21.087) (15.466) (1.501) (0.733) (3.124) (0.008)
MENA 27.396 49.302* 3.750% -3.237%** 0.018*

(30.764) (28.718) (1.984) (0.825) (0.010)
South Asia 63.344*** T1.167*** 3.112%** -1.699** -4.914 -0.046%**

(18.773) (13.389) (1.029) (0.725) (7.420) (0.006)
N 344 296 429 225 147 1024
R-squared 0.316 0.365 0.220 0.422 0.344 0.434

Notes: All specifications include total assets (US$) and utility type fixed effects. Columns (3-5) include grid length
(km) as additional control. Standard errors are in parentheses. * p<0.10, ** p<0.05, *** p<0.010.
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Table 19: Determinants of Private Ownership of Utilities

6] (2)
Private (0/1) Private (0/1)
Log(GDP Per Capita, $) 0.157***
(0.017)
Low income -0.264%***
(0.039)
Lower middle income 0.068**
(0.029)
Corruption -0.104%** -0.068***
(0.018) (0.018)
Population per sqm 0.000%** 0.000%**
(0.000) (0.000)
N 1700 1700
R-squared 0.225 0.236

Notes: All specifications include utility type fixed effects.
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Appendix

Table Al: Summary Statistics

Mean Sd Min Max Count

SAIDI-D (hours/year) 4923  91.19 0.09 66222 474
SAIFI-D (interruption/year) 39.14 8129 0.06 601.37 414
Distribution losses (%) 14.31 7.61 3.04 46.38 697
Transmission losses (%) 4.28 279  1.07 1521 342
System losses (%) 2190 958 582  67.69 310
Average operating cost ($/kWh) 0.12 0.10  0.00 0.81 1219
Private (0/1) 0.22 041  0.00 1.00 2280
Total length of system (km thousands) 87.96 195.18 0.07 1245.04 1075
Total assets (USS$ billions) 4.20 13.53 0.00 12945 1734
Control of Corruption (ICRG) 2.15 0.63  0.50 4.50 1857
Control of Corruption (WGI) -0.56 0.55 -1.60 1.70 2256
Per Capita GDP (2015 USS thousands)  4.12 400 025 2430 2280
Population per km? 168.01 224.09 2.67 1301.26 2075
Number of utilities 190
Number of countries 93
Utility-year observations 2280

Notes: SAIDI measures the total hours of service interruption the average customer experiences annually,
while SAIFI counts the number of outages the average customer experiences in a year.

Alternative Corruption Measure (WGI)

Table A2: Utility Performance and Corruption

) ) 3) 4 6)) (6)
SAIDI-D SAIFI-D Distribution ~ Transmission System Average
(hours/year) (inter./year) losses (%) losses (%) losses (%) op. cost
($/kWh)
Corruption  -59.378%** -32.420%** -3.450%** -1.200%** -6.201***  0.018***
(9.683) (7.313) (0.766) (0.242) (0.820) (0.005)
N 417 369 448 250 200 1196
R-squared 0.142 0.083 0.093 0.362 0.308 0.301

Notes: The data on control of corruption is obtained from Worldwide Governance Indicators (WGI)
produced by the World Bank. All specifications include total assets (US$) and utility type fixed effects.
Columns (3-5) include grid length (km) as additional control. Standard errors are in parentheses. *
p<0.10, ** p<0.05, *** p<0.010.
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Table A3: Utility Performance, Corruption and Income

(D 2) 3) 4) ) (6)
SAIDI-D SAIFI-D Distribution Transmission  System Average
(hours/year) (inter./year) losses (%) losses (%)  losses (%)  op. cost
($/kWh)
Corruption -28.424%%* 10.004 -0.726 -1.201%%%  _3.434%** (), 036%**
(12.263) (8.302) (0.990) (0.310) (0.972) (0.006)
Log(GDP Per -25.445%%* -29.513%** -2.022%%* 0.566%* -3.955%** -
Capita, $) 0.033%**
(8.445) (5.625) (0.765) (0.248) (0.669) (0.004)
East Asia & -6.611 -10.636 -6.631%%* -3.369%** 4.299 0.076%**
Pacific
(20.621) (11.782) (1.714) (0.896) (4.837) (0.010)
Europe & Central -10.782 0.613 2.048 -2.646%** -
Asia 0.033%**
(18.368) (12.275) (1.744) (0.569) (0.009)
Latin America & 5.781 11.208 1.534 2.011%*%* - 12.883*%**  0.014
Caribbean
(18.410) (11.915) (1.535) (0.677) (2.000) (0.009)
MENA 18.886 26.777 1.548 -2 773 E* 0.025%*
(28.557) (25.906) (1.810) (0.741) (0.011)
South Asia 57.783%** 68.689%** 2.046** -2.128%#* -1.819 -
0.038%**
(18.225) (12.051) (1.007) (0.483) (2.019) (0.007)
N 417 369 448 250 200 1196
R-squared 0.236 0.324 0.203 0.452 0.464 0.429
Notes: The data on control of corruption is obtained from Worldwide Governance Indicators (WGI)
produced by the World Bank. All specifications include total assets (US$) and utility type fixed effects.
Columns (3-5) include grid length (km) as additional control. Standard errors are in parentheses. *
p<0.10, ** p<0.05, *** p<0.010.
Table A4: Utility Performance, Corruption and Income
(1 (2) 3) 4 (&) (6)
SAIDI-D SAIFI-D Distribution Transmission  System  Average
(hours/year) (inter./year) losses (%) losses (%)  losses (%)  op. cost
($/kWh)
Corruption -45.632%%* -4.347 -1.241 -1.355%#* 4. 865%**  (.027***
(11.302) (7.805) (0.902) (0.270) (0.879) (0.005)
Low income 49.891%** 57.146%** 3.906%* -2.576%%* 8.363%**  (.058***
(19.404) (13.562) (1.523) (0.523) (1.787) (0.010)
Lower middle -20.079 5.948 1.777 -2.7793%** 3.120 0.021%**

income
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(15.472) (11.121) (1.137) (0.458) (1.930)  (0.007)

East Asia & -16.331 -14.406 -7.328%%* -4.095%** 1.986 0.071%**
Pacific

(20.464) (11.820) (1.617) (0.833) (5.016) (0.010)
Europe & Central -23.884 -11.123 0.942 -3.646%** -
Asia 0.049%**

(17.873) (12.671) (1.508) (0.515) (0.009)
Latin America & -21.887 -8.167 0.444 -2.625%*%%  10.916*%**  -0.005
Caribbean

(18.061) (12.122) (1.275) (0.581) (2.045) (0.009)
MENA 4.898 -2.419 1.344 -4.075%%* 0.014

(28.195) (25.331) (1.796) (0.711) (0.011)
South Asia 81.626%** 84.365%** 2.169* -1.801%** -1.847 -

0.030%**

(18.744) (12.718) (1.140) (0.463) (2.073) (0.008)
N 417 369 448 250 200 1196
R-squared 0.263 0.329 0.202 0.519 0.451 0.416

Notes: The data on control of corruption is obtained from Worldwide Governance Indicators (WGI)
produced by the World Bank. All specifications include total assets (US$) and utility type fixed effects.
Columns (3-5) include grid length (km) as additional control. Standard errors are in parentheses. *
p<0.10, ** p<0.05, *** p<0.010.

Table AS5: Utility Performance and Corruption

(1) () 3) “4) (5) (6)

SAIDI-D SAIFI-D  Distribution Transmission System Average

(hours/year) (inter./year) losses (%) losses (%) losses (%) op. cost

($/kWh)

Corruption -22.198 -2.879 -3.735% -0.140 -3.966* -0.047%**
(20.737) (16.204) (2.113) (0.457) (2.244) (0.009)
N 412 364 446 248 197 1195
R-squared 0.818 0.806 0.618 0.926 0.892 0.867

Notes: The data on control of corruption is obtained from Worldwide Governance Indicators (WGI)
produced by the World Bank. All specifications include total assets (US$), country fixed effects, utility
type fixed effects. Columns (3-5) include grid length (km) as additional control. Standard errors are in
parentheses. * p<0.10, ** p<0.05, *** p<(0.010.

Table A6: Utility Performance, Corruption and Income

) ) 3) “ &) Q)
SAIDI-D SAIFI-D  Distribution Transmission System Average
(hours/year) (inter./year) losses (%) losses (%) losses (%) op. cost
($/kWh)
Corruption -14.970 -2.559 -2.832 -0.156 -3.082 -0.047***
(20.789) (16.174) (2.123) (0.456) (2.270) (0.009)
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Log(GDP Per -86.142%* -40.138 -8.651%** -0.964 -7.379* 0.005
Capita, $)

(34.513)  (27.120) (3.212) (0.730) (3.777) (0.013)
N 412 364 446 248 197 1195
R-squared 0.821 0.807 0.625 0.927 0.894 0.867

Notes: The data on control of corruption is obtained from Worldwide Governance Indicators (WGI)
produced by the World Bank. All specifications include total assets (US$), country fixed effects, utility
type fixed effects. Columns (3—5) include grid length (km) as additional control. Standard errors are in
parentheses. * p<0.10, ** p<0.05, *** p<0.010.

Table A7: Utility Performance, Corruption and Income

(D ) 3) “ (%) (6)
SAIDI-D SAIFI-D  Distribution Transmission System Average
(hours/year) (inter./year) losses (%) losses (%) losses (%) op. cost
($/kWh)
Corruption -20.051 0.280 -3.732% -0.112 -3.334 -0.048***
(21.041) (16.759) (2.124) (0.461) (2.289) (0.009)
Low income 23.925 27.902 3.313 0.376 3.062 -0.031**
(36.854) (30.797) (2.488) (0.506) (3.601) (0.013)
Lower middle -5.318 -2.246 0.563 0.173 1.209 -0.024**
income
(29.512) (26.480) (1.918) (0.367) (3.325) (0.010)
N 412 364 446 248 197 1195
R-squared 0.819 0.809 0.621 0.926 0.893 0.868

Notes: The data on control of corruption is obtained from Worldwide Governance Indicators (WGI)
produced by the World Bank. All specifications include total assets (US$), country fixed effects, utility
type fixed effects. Columns (3-5) include grid length (km) as additional control. Standard errors are in
parentheses. * p<0.10, ** p<0.05, *** p<0.010.

Table A8: Utility Performance and Corruption

(D () 3) ) 6)) (6)

SAIDI-D SAIFI-D  Distribution Transmission System Average

(hours/year) (inter./year) losses (%) losses (%) losses (%) op. cost

($/kWh)

Corruption -23.722%* -5.208 -3.773%%* -0.140 -3.966* -0.042%**
(14.002) (10.458) (1.095) (0.457) (2.244) (0.007)
N 412 364 444 247 197 1192
R-squared 0.921 0.923 0.908 0.926 0.892 0.921

Notes: The data on control of corruption is obtained from Worldwide Governance Indicators (WGI)
produced by the World Bank. All specifications include total assets (US$), utility fixed effects, and utility
type fixed effects. Columns (3-5) include grid length (km) as additional control. Standard errors are in
parentheses. * p<0.10, ** p<0.05, *** p<(0.010.
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Table A9: Utility Performance, Corruption and Income

(1) (2) 3) “4) (5) (6)
SAIDI-D SAIFI-D  Distribution Transmission System Average
(hours/year) (inter./year) losses (%) losses (%) losses (%) op. cost
($/kWh)
Corruption -16.201 -4.700 -2.966%** -0.156 -3.082 -0.041%%*
(13.897) (10.386) (1.044) (0.456) (2.270) (0.007)
Log(GDP Per -85.641%**  _39998**  _10.809*** -0.964 -7.379%* -0.004
Capita, $)
(23.088) (17.398) (1.632) (0.730) (3.777) (0.011)
N 412 364 444 247 197 1192
R-squared 0.924 0.925 0.918 0.926 0.894 0.921

Notes: The data on control of corruption is obtained from Worldwide Governance Indicators (WGI)
produced by the World Bank. All specifications include total assets (US$), utility fixed effects, and utility
type fixed effects. Columns (3-5) include grid length (km) as additional control. Standard errors are in
parentheses. * p<0.10, ** p<0.05, *** p<0.010.

Table A10: Utility Performance, Corruption and Income

(1) ) 3) “4) (%) (6)
SAIDI-D SAIFI-D  Distribution Transmission System Average
(hours/year) (inter./year) losses (%) losses (%) losses (%) op. cost
($/kWh)
Corruption -21.593 -2.090 -3.763*** -0.112 -3.334 -0.044%**
(14.169) (10.719) (1.085) (0.461) (2.289) (0.007)
Low income 23.047 27.010 3.487H** 0.376 3.062 -0.028***
(24.717) (19.581) (1.246) (0.506) (3.601) (0.010)
Lower middle -5.612 -3.162 0.637 0.173 1.209 -0.022%%*
income
(19.746) (16.804) (0.964) (0.367) (3.325) (0.008)
N 412 364 444 247 197 1192
R-squared 0.922 0.926 0.911 0.926 0.893 0.921

Notes: The data on control of corruption is obtained from Worldwide Governance Indicators (WGI)
produced by the World Bank. All specifications include total assets (US$), utility fixed effects, and utility
type fixed effects. Columns (3-5) include grid length (km) as additional control. Standard errors are in
parentheses. * p<0.10, ** p<0.05, *** p<0.010.

Correlation of Reliability and Distribution Losses

Table Al1: Utility Performance and Corruption

(D )
SAIDI-D (hours/year) SAIFI-D (inter./year)
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Corruption -15.019 -15.836

(12.288) (10.410)
Distribution losses (%) 5.157%*** 2.870%**

(0.729) (0.596)
N 252 226
R-squared 0.217 0.152

Notes: The data on control of corruption is obtained from International Country Risk Guide (ICRG). All
specifications include total assets (US$) and utility type fixed effects. Standard errors are in parentheses.
* p<0.10, ** p<0.05, *** p<0.010.

Table A12: Utility Performance, Corruption and Income

(1) ()
SAIDI-D (hours/year) SAIFI-D (inter./year)
Corruption -19.570 -19.774%*
(12.158) (9.312)
Low income 20.877 50.315%*
(25.193) (20.574)
Lower middle income -22.645 -13.978
(20.718) (17.055)
East Asia & Pacific -8.370 -4.154
(24.489) (18.459)
Europe & Central Asia -35.590 -21.472
(24.534) (19.493)
Latin America & Caribbean -25.632 -13.028
(22.452) (17.379)
MENA -20.110
(35.059)
South Asia 90.862%** 02.408%**
(21.028) (15.831)
Distribution losses (%) 4.623%** 2.204 %%
(0.757) (0.571)
N 252 226
R-squared 0.354 0.408

Notes: The data on control of corruption is obtained from International Country Risk Guide (ICRG). All
specifications include total assets (US$) and utility type fixed effects. Standard errors are in parentheses.
* p<0.10, ** p<0.05, *** p<0.010.

Table A13: Utility Performance, Corruption and Income

(1 )
SAIDI-D (hours/year) SAIFI-D (inter./year)
Corruption -17.500 -19.002%*%*
(12.263) (9.509)
Log(GDP Per Capita, $) -23.141* -29.94 1 **x*
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(12.201) (9.866)
East Asia & Pacific 14.121 15.404
(25.968) (19.846)
Europe & Central Asia -7.930 4.423
(24.818) (19.567)
Latin America & Caribbean 10.887 20.783
(24.258) (18.825)
MENA -1.952
(34.091)
South Asia 70.700%*** 67.870%**
(19.755) (14.939)
Distribution losses (%) 4.194%** 1.800%***
(0.736) (0.561)
N 252 226
R-squared 0.348 0.385

Notes: The data on control of corruption is obtained from International Country Risk Guide (ICRG). All
specifications include total assets (US$) and utility type fixed effects. Standard errors are in parentheses.

* p<0.10, ** p<0.05, *** p<0.010.

Table A14: Income classification of countries in the UPBEAT data, 2022

High income Upper middle income

Lower middle income

Low income

Chile Albania
Croatia Argentina
Oman Armenia
Romania Azerbaijan

Saudi Arabia Bosnia and Herzegovina

Seychelles Botswana

Uruguay Brazil
Colombia
Dominica
Ecuador
Fiji
Gabon
Georgia
Indonesia
Kazakhstan
Kosovo
Malaysia
Marshall Islands
Mauritius

Angola
Bangladesh
Benin
Bolivia
Cabo Verde
Cameroon
Comoros
Cote d'Ivoire
Eswatini
Ghana
Guinea
India

Jordan
Kenya
Kyrgyz Republic
Lesotho
Mauritania

Micronesia, Fed. Sts.

Morocco

Afghanistan
Burkina Faso
Burundi

Central African Republic
Chad

Congo, Dem. Rep.
Ethiopia

Gambia, The
Guinea-Bissau
Liberia
Madagascar
Malawi

Mali

Mozambique
Niger

Rwanda

Sierra Leone
Sudan

Togo
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Mexico
Moldova
Montenegro
Namibia
Paraguay
Peru

Serbia
South Africa
St. Lucia
Thailand
Tiirkiye
Ukraine

Nepal Uganda
Nigeria

Pakistan

Papua New Guinea
Philippines

Sdo Tomé and Principe
Senegal

Solomon Islands
Tajikistan

Tanzania

Tunisia

Uzbekistan

Viet Nam

West Bank and Gaza
Zambia

Zimbabwe

Notes: This table shows the classification for a single year (2022). In our analysis, we use the panel

version of this dataset, so the list of countries by income group may change over time.
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