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Abstract

Is electricity supply a binding constraint to economic growth in developing countries? And to
what degree is a binding constraint of inadequate electricity supply problems reflected by
very high average prices for electricity? There is a large empirical literature on “binding
constraints,” much of it using the Hausmann-Rodrik-Velasco (2005) framework and applying
it to particular countries. There is also a large literature on the quality of the investment
climate, much of which draws on the World Bank enterprise surveys. Our paper undertakes a
systematic review of the published and grey literature that has applied the HRV framework at
the country level in order to ascertain how frequently electricity supply is identified as a
binding constraint to growth (and differentiating between access, reliability and price). It also
examines the rankings of constraints provided in the World Bank’s Enterprise Surveys in
order to assess the extent to which businesses regard electricity as a major constraint. We
find strong evidence that electricity is a constraint to growth in several developing countries
with over 40% of the studies reviewed identifying electricity as a binding constraint. But
high electricity prices are not necessarily a signal of electricity being a binding constraint,
although they do tend to be associated with poor quality and reliability of supply.
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Introduction

Electricity supply is considered an important constraint to growth in the large majority of
developing countries. A lack of electricity can affect growth in myriad ways. Most
obviously, a lack of electricity prevents the use of appliances and machinery that can
immensely increase the productivity of economic activities, particularly in manufacturing and
services. According to the World Bank Enterprise Surveys, in 2015 firms in South Asia and
Sub-Saharan Africa lost 10.9% and 8.8% of sales respectively due to electrical outages.®

Electricity also influences growth through its impact on health, education, and
communication: lighting can enable children to study for longer, improving education;
electricity allows refrigeration of vaccines and the effective operation of health facilities; and
electricity powers phones, radios and televisions providing communication, entertainment and
education to millions of people (United Nations Development Programme and World Health
Organization 2009). However, an estimated 1.2 billion people — 17% of the global population
— did not have access to electricity in 2013 and many more suffer from supply that is of poor
quality. More than 95% of those living without electricity are in countries in sub-Saharan
Africa and developing Asia, and they are predominantly in rural areas (around 80% of the
world total) (World Energy Outlook 2015). Hence it seems likely that improved access to
reliable electricity could boost economic growth both directly and indirectly by enhancing
knowledge and building human capital.

However, it is not clear that an inadequate or poor quality supply of electricity is necessarily a
constraint to growth in all countries. Several countries which have severe electricity
problems have registered rapid growth in recent years. For example, Tanzania has registered
growth above 7% per year for the last few years despite an electrification rate of 24% (4% in
rural areas); the world’s fastest growing countries in recent years include Ethiopia, Cote
D’lvoire, Mozambique, Myanmar, Tanzania and Papua New Guinea — all known to have
extremely poor access to electricity. Moreover, economic growth itself increases demand for
electricity thereby accentuating shortages. Hence it is not always clear whether electricity
shortages are a constraint on growth or the result of growth.

Cross-country (and time series) evidence regarding the causal relationship between energy
use and growth will be reviewed in detail in Stern et al (forthcoming). This paper takes a
different approach. The concept of there being one or more country specific “binding
constraints” to growth became extremely popular in the development policy literature in the
mid-2000s after the publication of the seminal paper by Hausman, Rodrik and Velasco
(2005). Hausman et al. (2005) (henceforth HRV) put forward a methodology for attempting
to systematically diagnose the constraints to growth at the country level. This approach was
subsequently adopted by many donors, including the World Bank and DFID, to assess the key
constraints to growth for the countries in which they work. Much of this literature is not
published in the academic literature, appearing only in donor working papers and reports.
However, it is important because it has had a significant impact on the allocation of aid
resources towards particular sectors in selected countries and regions.

3 Value lost due to electrical outages (% of sales). Data retrieved July 29, 2016, from
http://data.worldbank.org/indicator/IC.FRM.OQUTG.ZS
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We therefore undertake an informal systematic review of the available published and grey
literature using the HRV methodology for developing countries to ascertain in how many
cases (and in which countries) electricity is seen as a binding constraint. This paper therefore
provides a complement to Stern et al (forthcoming) which reviews the literature providing
quantitative evidence about the causal linkages between energy use and economic growth.

To further ground the diagnostic judgements from the binding constraints literature, we
examine the evidence from the World Bank’s Enterprise Survey datasets regarding the
importance of electricity as a binding constraint — with a particular focus on Sub-Saharan
Africa and South Asia where electricity constraints are particularly severe.* This cross-
country firm-level dataset explicitly asks firms in several developing countries to compare the
relative importance of the constraints that they face across a range of different issues,
including electricity supply and reliability. We review papers that have explicitly used this
data to assess the impact of electricity constraints on firm performance and assess the extent
to which the firm level data from the Enterprise Survey datasets coincides with the
judgements arising from the binding constraints literature above.

One of the principles of the diagnostic methodology proposed by HRV is the importance of
looking for market evidence that something is indeed a constraint. In practice, this often
implies looking at prices (or proxies for shadow prices where prices are not easily available).
Unfortunately, data on electricity prices is not available in a comprehensive fashion across a
large number of developing countries over an extended period. We briefly review the
available data on electricity prices (see the paper by Munuera et al. (forthcoming) for more
detail on energy related data) and the literature that links prices to perceptions of electricity
being a binding constraint. We draw on electricity price data from the World Bank’s Doing
Business survey to provide a very preliminary impression of the extent to which electricity
being a binding constraint is reflected in higher electricity prices.

We conclude by attempting to identify important gaps in the literature and areas which may
be worthy of further exploration going forward.

The Binding Constraints Approach

The “binding constraints approach” arose out of a concern in the literature of the late 1990s,
after the East Asian crisis that growth theory had failed to explain many of the growth
experiences of a wide range of developing countries. The World Bank undertook a
comprehensive analysis of the lessons of the 1990s (World Bank 2005), reviewing the
evidence about the impact of standard “Washington Consensus” recommendations on growth.
Easterly provided a popular and widely read critique of policy approaches to promoting
growth (Easterly 2001). From 2006 to 2009, the Commission on Growth and Development
brought together leaders from government, business, and academia across the developing and
industrialized worlds to try and understand the determinants of sustained growth (Growth
Commission 2008). These, together with academic analysis of growth accelerations
(Hausmann, Pritchett, and Rodrik 2005) pointed to the very weak association between

4 See http://www.enterprisesurveys.org/ for details.
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standard prescriptions for growth and actual performance and the importance of history and
context in explaining actual outcomes.

Whilst these studies injected a welcome focus on context specificity, they also provided a
challenge for policymakers and donors alike, in that every country was unique. Into this
debate arrived a paper by HRV (2005) that tried to lay out a diagnostic methodology for
identifying the “binding” constraints. The idea was that, whilst there are lots of problems, at
any point in time only one, or a handful of constraints are actually binding.

This was an attractive explanation since it explained how countries might make progress on
some areas and not have growth — whilst other countries ignored seemingly important
problems and yet experienced fast growth. It suggested that the countries that succeed are the
ones that manage to identify their “binding” constraints at that point in time and address them
(and then, as those constraints bind less, move onto the next binding constraint).

There are numerous expositions of the “binding constraints methodology” (Hausmann,
Pritchett, and Rodrik 2005, 2008; International Monetary Fund 2006). Below we provide a
brief overview of the method for those unfamiliar with it.

The core idea is that it is possible to use a diagnostic process in order to generate evidence
about what are likely to be the binding constraints to growth for any country at a particular
point in time. Specifically HRV propose a decision tree methodology to help identify the
relevant short-run binding constraints for each country. The original decision tree is shown in
Figure 1.

Figure 1: Binding Constraints Decision Tree

Possible causes

Low return to
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Source: Hausmann, Rodrik and Velasco (2005)

The idea of the decision tree is that low growth is caused by one of two fundamental causes —
a high cost of finance, or low returns to economic activity. Each of these can be explored in
turn; if finance is very costly then this is either due to a lack of access to international
markets, or poor local finance, which in turn could result from either low domestic saving or
poor inter-mediation. Evidence is gathered at each point in the tree in order to assess which
of the pathways is the likely explanation for slow growth. If low growth is not due to a high
cost of finance, this suggests that there are low returns to economic activities. If that is the




case this could be a result of low social returns, or restrictions on the ability of actors to
appropriate the returns from such activities. The latter could result from market failures,
including information or coordination externalities, or government failures, either micro or
macro. Similarly low social returns might result from poor geography, low human capital or
bad infrastructure. The aim is to provide a diagnostic tool with which to pinpoint the likely
causes of slow growth and facilitate better prioritisation of reform efforts — rather than
starting with a set of things which are believed to be good in all circumstances, HRV and the
subsequent literature argued for “diagnosis before prescription” (Rodrik 2010).

The approach proposed by HRV has been subject to substantial criticism. Felipe and Usui
(2008) highlight a large number of limitations of the approach ranging from the difficulties in
identifying price and non-price signals to the (lack of) independence of the different branches
in the decision tree. Habermann and Padrutt (2011) argue that, while growth diagnostics is a
useful tool to inform growth strategies in developing countries, the framework’s flexibility is
both its strength and its main weakness since it makes the outcome of the diagnosis very
dependent on diagnostic process. Rodrik and Hausman have responded with guidance on
how best to use the methodology responsibly® — as a diagnostic tool, rather than a recipe.
Also Hausman, Klinger and Wagner (2008) have produced a comprehensive “mindbook” on
how the technique should be applied in practice.

The binding constraints methodology was most rapidly adopted in the World Bank. The then
Poverty Reduction and Economic Management (PREM) Network of the Bank undertook a
series of diagnostic growth studies using the approach for: Armenia, the Baltic States,
Bangladesh, Brazil, Cambodia, Egypt, India, Madagascar, Morocco, Tanzania and Thailand.®
In addition, several other World Bank country offices conducted similar such studies. More
recently, the approach has evolved. Currently, a Systematic Country Diagnostic (SCD) forms
the basis for the development of the new Country Partnership Strategies agreed between the
Bank and member countries. To date 33 SCDs have been completed, including 8 in Sub-
Saharan Africa and 4 in South Asia.’

In addition to studies by the World Bank, other donors have adopted similar methodologies
based on the original HRV approach. The IADB has conducted a similar analysis for Latin
American countries (Inter-American Development Bank 2009). Similarly, DFID have
conducted Inclusive Growth Diagnostics for 25 countries as well as three regional and five
international level diagnostics. Like the World Bank’s SCD’s, these studies attempt to take a
holistic, but evidence based, view about the key constraints facing economic growth in each
country. Other donors have tended to do growth diagnostic studies on a more ad hoc basis
e.g. the synthesis of binding constraints facing Mongolia commissioned by DFATD (Osborne
et al. 2015). Finally, the academic community has conducted a wide range of growth
diagnostic exercises in several countries which will also be reviewed.

5 See Rodrik’s comments on “Doing Growth Diagnostics Well” at

http://rodrik.typepad.com/dani_rodriks weblog/2007/11/doing-growth-di.html

6 See
http://web.worldbank.org/WBSITE/EXTERNAL/EXTABOUTUS/ORGANIZATION/EXTPREMNET/0,,contentMDK:2061
1476~menuPK:4833683~pagePK:64159605~piPK:64157667~theSitePK:489961~isCURL.:Y,00.html

7 See http://www.worldbank.org/en/projects-operations/country-strategies#3 for details.
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Literature Review Methodology
Identification and collection of literature

To identify and analyse the relevant literature, we followed the principles and methodology of
a systematic review. Systematic review is used to map the evidence making an additional
effort to avoid bias, assess the quality of the evidence and synthesize it.2 Using a systematic
review process makes the review more transparent, rigorous and replicable than an
unsystematic review process (Badger et al. 2000). A systematic review identifies the most
relevant research studies answering a particular question by using a clear search process for
finding research studies and stating explicit criteria for selecting research to be included in the
review. It also applies systematic processes for retrieving data from selected research studies
and analysing that data.®10:11

To produce the list of relevant research studies, we set study inclusion and exclusion criteria.
We included studies that referred to the “binding constraints to economic growth” framework
formulated by HRV (2008). But we excluded studies that referred to binding constraints in
general but not referring to economic growth specifically. We also excluded studies that
focused on binding constraints in particular sectors within the economy but which did not
compare binding constraints across multiple areas.

More precisely, we chose the keywords: “Hausmann OR Rodrik OR Velasco AND binding
AND constraints AND growth” to find research studies. We limited our search to studies
performed in 2004 or later since Hausmann, Rodrik and Velasco first articulated their binding
constraints theory in 2004. Further, we have only looked at articles and studies published in
the English language. To obtain relevant research studies, we used numerous social science
research databases, including EconLit, Social Science Research Network (SSRN),
EBSCOhost, Google Scholar and Google search engines, institutional websites and databases
and multilateral and bilateral international development organization websites. This initial
search produced a list of 152 articles.

After generating the initial list, we then checked in more detail whether the papers selected
met the predefined criteria. This was done by reading abstracts (if available), introductions,
executive summaries, conclusions and conducting relevant word searches (i.e. “HRV”,
“methodology”, “HRV problem/decision tree,” etc.) to ensure that the studies were focussed
on the binding constraints to growth at a country level, used the HRV approach and applied it
in a professional manner. This process narrowed down the initial list of 152 articles to 55
research studies. The final list of selected studies included a compilation of academic studies,
reports produced by bilateral and multilateral international development organizations, reports
produced by donor governments and growth self-diagnostics performed by the governments
of countries themselves or in partnerships with other interested institutions or organizations.

8 Department for International Development, “Systematic Reviews in International Development,” Publications - GOV.UK,
August 13, 2013, https://www.gov.uk/government/publications/systematic-reviews-in-international-development.

% Julian PT Higgins, Sally Green, and others, Cochrane Handbook for Systematic Reviews of Interventions, vol. 5 (Wiley
Online Library, 2008), http://onlinelibrary.wiley.com/doi/10.1002/9780470712184.fmatter/summary.

10 3je: International Initiative for Impact Evaluation, “Synthesis and Reviews Programme,” accessed June 9, 2016,
http://www.3ieimpact.org/en/about/what-3ie-does/systematic-reviews-programme/.

11 Cochrane, “About Cochrane Systematic Reviews,” accessed June 9, 2016, http://www.cochranelibrary.com/about/about-
cochrane-systematic-reviews.html.




Data extraction and methods for synthesizing the selected studies

After selecting the studies for review, we created a framework for data extraction and
synthesis. The HRV Binding Constraints Decision Tree (Figure 1) was converted into a table,
where each row is one country study and the columns are each one of the decision boxes of
the diagnostic decision tree (Table 1). We clustered the studies at a regional level and
extracted the findings of those studies using the table. Within the table, we recorded where the
binding constraints for a particular country were identified within the HRV framework
according to a given country study. If several country-level studies were available for a
particular country, we recorded all findings distinguishing them as separate studies in the
table. After recording the overall binding constraints findings in the table, we then further
analysed the evidence presented in each study about the extent to which electricity is a
binding constraint on economic growth. Specifically, for each paper we asked the following
questions:

Is electricity mentioned? How often?

Is electricity mentioned as a binding constraint?

What are the top 5 binding constraints for the country?

Is there any indication of the importance of electricity relative to other constraints e.g.
ranking and if so, what is its ranking?

Is there analysis of electricity prices and/or subsidies? What is said?

Is there analysis of electricity access? What is said?

Is there analysis of electricity reliability? What is said?

Are other energy issues raised as binding constraints — if what and in what way?

el N S
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In addition, HRV (2008) suggest the use of four questions to conduct a differential diagnosis
of whether or not something is a binding constraint. For each study, we, therefore looked to
see whether any evidence was presented that might support such diagnosis. The four
questions are:
e Are the shadow prices of electricity as a constraint high?
e Do movements in the electricity constraint produce significant movements in the
objective function?
e Are agents in the economy attempting to overcome or bypass the electricity
constraint?
e Are agents less intensive in the electricity constraint more likely to survive and thrive
in the economy? (Conversely, are agents more intensive in the electricity constraint
more likely to fail?

Review of Binding Constraints Studies
Overview of binding constraints studies

After reviewing 55 studies covering 48 countries, we produced a matrix of binding constraints
outlined in each study (Appendix Table A.1). Numerous studies argued that the country in
question faced several binding constraints at the same time. In such cases, we recorded all of
the top binding constraints in the matrix. As shown in the matrix, most of the binding




constraints to private investment and entrepreneurship result from low returns to economic
activity rather than a high cost of finance. Looking across all of the country studies, we see
that the top three binding constraints in these countries are: 1. micro risks; 2. poor
infrastructure; and 3. low human capital (Figure 2). While micro risks arising because of
government failure result in low appropriability of returns from investment, poor
infrastructure, and low human capital reduce the social returns from private investment and
entrepreneurship.

Out of the 55 studies, 87% pointed to constraints which lower the appropriability of returns to
economic activity. Moreover, 45 out of the 55 studies argued that government failures were
one of the causes of low appropriability of returns and 78% of studies identified various micro
risks such as corruption, property rights, and taxation issues as binding constraints. Macro
risks, such as fiscal instability were less common as binding constraints, occurring in only
14% of country studies. By contrast, only 10 country studies stated that low appropriability
arose because of market failures caused by information externalities (8 studies) and
coordination failures (5 studies).!?

Almost two-thirds of the studies (65%) argued that the binding constraints to private
investment and entrepreneurship were low social returns. The key constraint identified was
poor infrastructure which was the second most frequently mentioned binding constraint (after
micro risks) occurring in 56% of country studies. Within infrastructure, poor road networks
and the quality and reliability of electricity were the most frequently mentioned problems.
Other reasons for low social returns included low human capital — mentioned in 12 studies as
a binding constraint. Depending on the country, different factors were felt to cause low
human capital accumulation; unsurprisingly, poor supply and quality of education featured
prominently. None of the studies distinguished poor geography among the most binding
constraints. This is surprising given that the list of countries includes some known to suffer
from significant geographical challenges (e.g. DRC, Sudan, Zambia, Afghanistan, Nepal). It
likely reflects the manner in which the binding constraints approach has been used as a way
of identifying constraints which the country can do something about rather than assessing the
impact of characteristics that are fixed.

Interestingly, relatively few studies see a high cost of finance as a binding constraint (12
studies). In almost all cases, this is felt to arise due to poor local finance (11 studies) rather
than as a result of bad international finance (2 studies — with one study highlighting both).
Poor local finance, in turn, is more commonly due to poor intermediation (8 studies) than low
domestic saving (4 studies).

12 1n three studies (Vietnam, Guyana and Peru) both coordination failures and information externalities were considered
binding constraints with the result that the overall number of studies pointing to market failures was only ten.




Figure 2: Frequency of binding constraints in country studies

Poor local
finance

Poor intermediation }

Low domestic savings

Bad international
finance

Coordination failures

Ir ion
externalities:
"self-discovery”

High cost of
finance

Low levels of

private Low

appropriability

investment and
entrepreneurship

Market failures

Macro risks: financial,
monetary, fiscal
instability

Micro risks: property
rights, corruption, taxes
T Poor ure
e Low human capital
returns
Poor geography

How electricity features in the binding constraints literature

Government
Low return to failures
economic

activity

Electricity features prominently in the binding constraints studies selected. This is significant
because electricity was not a selection criterion for these studies. Rather the studies are all of
the binding constraints studies that meet the selection criteria and so the prominence of
electricity is strong evidence of its importance as a constraint. Overall, 96% of the studies
mention electricity (in fact, the word "electricity™ occurs roughly every 3 pages across all
studies). Importantly, 40% of the reviewed studies state that electricity is one of the binding
constraints to economic growth. While some studies only mention electricity briefly as part of
a reference to infrastructure, others discuss power related obstacles to growth at considerable
length, often covering electricity access, reliability, and prices and subsidies: 53% of studies
discuss electricity prices or subsidies, 64% of studies discuss electricity access and 69% of
studies discuss electricity reliability at least to some extent (Figure 3).




Figure 3: The treatment of electricity in the selected case studies
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There were also regional differences in the findings. Far fewer studies from Latin America
identified electricity as a constraint than other regions. There were also regional variations in
the percentage of studies mentioning prices, which may reflect the availability of data.
Similarly far fewer studies from Latin America and the Middle East and North Africa
discussed electricity access, reflecting better general access in those regions. We summarise
below the key messages on access, reliability, and prices of electricity that arose from the
country studies reviewed.

Access to electricity

Access to electricity is a major challenge globally but it is an especially critical issue in Sub-
Saharan Africa and South Asia. Electrification rates are staggeringly low in some Sub-
Saharan economies often leaving out huge portions of rural population altogether. For
example, a World Bank study of binding constraints in Namibia (World Bank 2008c) showed
that most households still use wood for cooking and heating and a large portion of households
use candlelight for lighting. Tanzania, although endowed with abundant energy resources,
suffers from particularly limited electricity access. In 2010, the overall electrification rate
was 14.5% and the rural electrification rate was only 2% (Partnership for Growth 2011d).%3
Similarly, in Uganda, access to electricity is limited as a result of delays in implementing

13 Installed capacity has risen significantly in recent years to 1501 MW in 2014.
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hydropower projects, significant distribution losses, rising demand and low water levels
affecting hydropower supply (World Bank 2007). Many areas are not even connected to the
national grid - South Kordofan province of Sudan is not connected and has an overall current
electricity capacity of only 4.76 megawatts (World Bank 2008a).

In South Asia, the studies reviewed show a mixed record for extending access to electricity.
Bhutan and the Maldives have achieved universal or almost universal electrification (Asian
Development Bank 2013; Asian Development Bank 2015b). In contrast, despite its vast
hydropower potential, Nepal suffers from severe electricity shortages and its per capita power
consumption is the lowest in South Asia (Asian Development Bank, International Labour
Organization, and Department for International Development 2009; Government of Nepal and
MCC 2014).

In South East Asia and the Pacific, access to electricity is extremely varied across regions
within different countries. Cambodia is suffering from an acute deficit in electricity supply.
Access to electricity is only 51% - with large differences in access between urban and rural
areas (Asian Development Bank 2014a). Indonesia also has dramatic intra-country differences
in access to electricity - half of the population without access to electricity live outside Java
and Bali with approximately 80% living in rural areas (Anderson et al. n.d.).

Access to electricity is not a major issue in Latin America and the Caribbean, the Middle East
and North African regions and Europe and Central Asia. However, the procedures for gaining
access to electricity are sometimes onerous in some of the Central Asian economies. For
example, it could take 159 days, 7 procedures and the equivalent of 24 times the per capita
gross national income to install an electricity connection for business in the Kyrgyz Republic
(Asian Development Bank 2014b).

Reliability of electricity

The selected studies reveal that reliability is a universal problem, with more countries
experiencing power quality and reliability issues than limited access ones. Sub-Saharan
Africa and South Asia have especially poor electricity quality and reliability characterized by
frequent power outages and load shedding which severely affect businesses and the general
population. For example, Ghana experienced 9.65 power outages per month on average in
2007 (Partnership for Growth 2011b); Kenya saw power outages increase from an average of
16.4 hours per month in 2002 to 24.5 hours in 2006 (World Bank 2008b); and Nigeria
experiences power outages more than 320 days per year (International Labour Organization
2015).

Some South Asian countries suffer from unreliable electricity due to seasonal changes. In
Nepal electricity becomes especially unreliable during the dry season; load shedding lasts up
to 18 hours daily during the dry winter months due to low water levels. Forecasting the
outages proved to be challenging. For instance, power outages were expected to last 4 hours a
day in January 2009 but lasted up to 12-16 hours instead (Asian Development Bank,
International Labour Organization, and Department for International Development 2009 &
Government of Nepal 2014).
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In Latin America, electricity reliability is not a critical concern. Some countries such as
Colombia and Guatemala increased the quality of electricity supply (Meléndez and Harker
2008; Artana et al. 2009a). However, other countries are experiencing a deterioration of the
quality and efficiency of power supply. Ecuador experiences significant energy losses: up to
42% of the transmitted and distributed energy was lost in 2004 (Cueva, Albornoz, and
Avellan 2009).

East Asian, Pacific and Middle Eastern, North African, European and Central Asian countries
vary significantly in terms of reliability. Central Asian countries suffer significantly from
unreliable electricity. The Kyrgyz Republic suffers particularly acute power reliability
challenges aggravated by low water levels and severe problems with its nearly obsolete
electricity infrastructure; for example, in 2012 the distribution company supplying Bishkek
said that 85% of its 0.4-kilovolt lines and equipment needed urgent repairs. Distributors
reported 43 outages per day on average from 2009 to 2012 due to low water levels in the
Toktogul Reservoir and breakdowns in the system (Asian Development Bank 2014b).

Electricity prices

Pricing of electricity varies dramatically across regions as well as across countries within
regions. Electricity tariffs in Sub-Saharan Africa tend to be lower than energy generation
costs. Tariffs vary greatly across South and East Asian and the Pacific countries with Bhutan
and Indonesia having lower tariffs (below the cost of supply) and Nepal and Cambodia
significantly higher ones. Similar variations exist in the Middle East and North African and
Central Asian regions while tariffs in Latin America tend to be high.

In Sub-Saharan Africa, several countries suffer from below cost pricing of electricity. The
majority of the studies that discuss power pricing argue that power tariffs are too low. The
under-pricing of electricity is becoming a critical constraint since it generates significant
financial losses for the power sector in several countries (Trimble et al, 2016). For example,
in Ghana, under-pricing, power system losses and incomplete collections equalled 3.8 % of
GDP in 2009 (Partnership for Growth 2011b). Tanzania is also faces significant losses since
the Tanzania Electric Supply Company (TANESCO) charges its customers less than it has to
pay its suppliers for generation. Under-pricing, inefficient collection and distribution losses
equalled 2.1% of Tanzania’s GDP in 2008 (Partnership for Growth 2011d).

South Asian countries experience similar power pricing challenges. Bhutan has the lowest
domestic electricity tariffs in Asia at $0.016-$0.044 per kilowatt-hour (kWh), but these rates
fall dramatically below the cost of supply at approximately $0.03-$0.08 per kWh (Asian
Development Bank 2013). Nepal, despite relying on hydropower, has the highest power
tariffs in the region. Nepalese consumers paid $0.093 per kWh — 115% higher than in India
and Bangladesh, 43% higher than in Pakistan and 18% higher than in Sri Lanka. Furthermore,
the government provides subsidies for rural consumers — an issue especially salient during
election periods (Asian Development Bank, International Labour Organization, and
Department for International Development 2009).

In the East Asia and the Pacific region, Cambodia has one of the highest electricity costs
because of high import, transmission and distribution costs and reliance on petroleum for 60%
of electricity generation (Hang 2013; Asian Development Bank 2014a). In Indonesia, tariffs
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are set by the legislature and fall below the cost of supply resulting in some of the lowest
electricity tariffs in the region and discouraging investment (Anderson et al. n.d. & Barron et
al. 2009). In Fiji, though electricity rates are rather low compared to the rest of the region,
they are higher than in other countries in the region that use a similar level of hydropower in
their generation mix (Asian Development Bank 2015a). Meanwhile, in Papua New Guinea,
electricity tariffs are higher than many other countries in Southeast Asia and the Pacific — and
the highest in all the binding constraints studies reviewed — although they are reported to be
among the lowest in the Pacific Islands (Asian Development Bank 2012).

Some of the studies from Latin America present an interesting contrast as high tariffs are the
reason for concern. Ecuador has relatively high electricity tariffs due to shifting dependence
from hydroelectric to thermoelectrically generated electricity (Cueva et al. 2009). In
Nicaragua, despite the subsidies to certain types of consumers, the electricity tariffs are high
as it experiences high energy losses and theft and relies heavily on oil and its derivatives for
power generation (Agosin, Bolafios, and Delgado 2009).

Studies of countries in the Middle East and North Africa present conflicting challenges in
electricity pricing. In Egypt and Morocco, governments have engaged in large subsidy efforts
(currently being unwound in Egypt), while Lebanon had some of the highest tariffs in the
region (Enders 2007; Berthélemy, Dessus, and Nahas 2007 & African Development Bank
Group 2015). Conversely, in Central Asia, the Kyrgyz Republic has some of the lowest
electricity tariffs in the world due to historical political considerations (Asian Development
Bank 2014b).

Differential analysis of electricity as a binding constraint

Whilst the evidence on access, reliability, and prices above shows that electricity supply is
likely to be a cause for concern, it doesn’t show that electricity is a binding constraint to
growth or investment. To assess this we use the four differential diagnosis questions
proposed by HRV Wagner (2008) described above.

Shadow prices of electricity

According to Hausmann et al. (2008), if a constraint is binding, the shadow price of the
constraint should be high. It is challenging to obtain accurate estimates of shadow prices but
the size of shadow prices can be inferred from observations, such as the willingness to pay for
electricity provision through own generation. Of the selected studies, the strongest evidence
for high shadow prices comes from countries in Sub-Saharan Africa, South Asia, and Central
Asia. For example, Kwakwa et al. (2008) note that some firms in Nigeria engaging in own
energy generation incur generation related staff costs of up to 10 to 15 % of total payroll. Itis
estimated that $13 billion is spent on fuel for generators in the country (International Labour
Organization 2015). In Tanzania, average private generation costs more than three times than
grid power (Partnership for Growth 2011d). Using a private generator in Uganda costs two to
six times more than receiving electricity from the national grid (World Bank 2007).

Similarly, large firms in Nepal self-generate 40% of their electricity use even though privately
generated electricity is three to four times more expensive than electricity from the grid
(Government of Nepal 2014). In the Kyrgyz Republic, 40% of firms reported willing to pay
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25% to 100% more for better power supply (Asian Development Bank 2014b). These
represent prima facie evidence for the existence of high shadow prices in these countries.

Production sensitivity to the constraint

If electricity is a binding constraint, then releasing the constraint should see significant
changes in output. From the selected studies, we do find some evidence that economic output
is sensitive to the availability and reliability of electricity in some countries. For instance,
Benin suffers an average output loss of 6.5% because of unreliable electricity supply (World
Bank 2009). According to Partnership for Growth (2011b), Ghana experiences losses of at
least 5.6% of GDP as a result of limited and unreliable electricity, whilst Nigeria loses 3.5%
of GDP because of power outages (International Labour Organization 2015).

In Pakistan, power shortage is estimated to have cost approximately 2% of GDP in 2012
(Lopez-Calix and Tougeer 2013) while in the Philippines small and medium enterprises lose
up to 8% of production because of unreliable electricity supply. Furthermore, power outages
in the Philippines cause small and medium enterprises to lose up to 11% and large enterprises
up to 6% of production (Asian Development Bank 2007; Partnership for Growth 2011c).
Finally, Ecuador is estimated to lose 5.04% of sales due to electricity outages (Cueva et al.
2009) and the Kyrgyz Republic loses 4% of annual sales on average because of electricity
outages (Sydykova 2015).

Agent behaviour to avoid the constraint

In the studies we review, we see substantial evidence that economic agents take steps to avoid
or overcome the constraint that electricity imposes. The main way in which this occurs is
through self-generation by the use of generators, even though self-generation is a significantly
more costly alternative to grid power. For example, in the Democratic Republic of Congo
(DRC), electric generator imports have been rising since 2001 and nearly doubled between
2005 and 2006. The DRC imported generators worth US$15 million in 2006, rising from US$
2.5 million in 2000 (Ulloa, Katz, and Kekeh 2009). In Nigeria, approximately 60% of
businesses own an electric generator (International Labour Organization 2015).

It is estimated that 17% of Tanzanian firms obtain electricity from generators (Partnership for
Growth 2011d). In Cambodia, firms often use diesel generators to generate additional
electricity; in 2013, 44% of rural households got lighting from batteries and 16% from
kerosene lamps (Asian Development Bank 2014a). Due to the unreliable supply of electricity
in Indonesia, industrial and manufacturing firms generate approximately 33% of the country’s
electricity. Moreover, almost 60% of large businesses in Indonesia own a generator
(Anderson et al. n.d.). In East Java approximately 22% of businesses reported to have used
private generators (World Bank 2011). In Brazil, 15% of businesses engage in own power
generation (Blyde et al. 2010).

Firms also try to avoid the constraint in other ways. For example, in Guyana a large market
has emerged for smuggled fuel to lower the cost of self-generated electricity (Armendariz et
al. 2007). In Mexico, many firms rely on self-generated electricity as backup energy during
the peak use periods (Hausmann and Klinger 2009b) while in the Kyrgyz Republic, many

14



firms not only use their own generators but also change their operation hours to night-time to
benefit from access to more electricity voltage (Asian Development Bank 2014b).

Overall, therefore, we find extensive evidence of economic agents attempting to avoid the
constraints on electricity provision. Not all of these actions are due to the unreliability of
supply. For example, Foster and Jevgenijs (2009) document the prevalence of in-house
generation of electric power by firms in Sub-Saharan Africa and conclude that the prevalence
of own generation would remain high even if power supplies were perfectly reliable,
suggesting that other factors, such as emergency back-up and export regulations, play a
critical role in the decision to own a generator. However, the widespread use of self-
generation and related actions is further evidence that in many countries electricity is a
binding constraint to growth.

Differential performance of electricity intensive sectors

Finally, if electricity is a binding constraint, then we would expect that agents less intensive in
electricity should perform better than those that are more intensive in electricity. The selected
studies provide only limited insights into the differential performance of electricity intensive
sectors. For example, in Benin economic growth arises mainly from agriculture, trade, and
transport, while industrial growth — typically a much more electricity intensive sector - stalled
in the last decade (World Bank 2009). Similarly, World Bank (2007:126) shows that firms in
Uganda use relatively low amounts of electricity and that “firms and industries that require it,
simply don’t seem to open up in Uganda.” Barron et al. (2009) argue that in Indonesia’s Aceh
region manufacturing and agro-processing firms are especially negatively impacted by
electricity outages while Hausmann et al. (2007b) show that, in Paraguay, less infrastructure-
intensive sectors such as soybean production boomed compared to other sectors.

Of course, the reasons for the performance of different sectors in any particular country will
be many and varied and none of the studies conduct the kind of rigorous analysis that could
provide strong evidence for a causal connection between electricity and sector performance.
However, the limited evidence that exists suggests that sectors that are intensive in electricity
do indeed perform worse in countries where electricity is a binding constraint than sectors
that are less electricity dependent.*

Comparison with Enterprise Survey Data

The analysis presented above of the binding constraints literature, suggests that electricity is
an important constraint on economic growth in several countries, particularly many in Sub-
Saharan Africa and South Asia. It is valuable to compare the findings from this approach
with other important sources of information about constraints to growth.

The most widely available cross-country data on constraints to growth are the World Bank’s
Enterprise Surveys. These are firm-level surveys of a representative sample of an economy’s
private sector. The surveys cover a broad range of business environment topics including

14 An important related issue is whether improved electricity provision for particular sectors or for particular regions (e.qg.
rural vs urban) would be more or less able to promote economic growth. Unfortunately, although some of the studies
reviewed focus on sub-regions, none provide significant evidence on this issue.
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access to finance, corruption, infrastructure, crime, competition, and performance measures.
Since 2002, the World Bank has collected this data from face-to-face interviews with top
managers and business owners in over 130,000 companies in 135 economies; since 2005-06,
most data collection efforts have been conducted using an internationally comparable Global
Methodology.* The manufacturing and service sectors are the primary business sectors of
interest.® Formal (registered) companies with five or more employees are targeted for
interview and firms with 100% government/state ownership are not eligible to participate.

Of principal interest to us is the fact that the Enterprise Surveys contain a set of questions
about electricity including: the frequency, duration and losses resulting from interruptions of
electricity supply; the percentage of firms with generators and the share of their electricity
that comes from this source; the number of days required to obtain an electricity connection;
and the share of firms that regard electricity as a major constraint on their activities.
Furthermore, firms were asked which of a list of elements of the business environment
represents the biggest obstacle they face!’, making it possible to compare the relative
importance of different constraints to firms within an economy.

It is important to recognise some important weaknesses of the Enterprise Surveys for the
purpose of assessing electricity’s importance as a binding constraint to economic growth.
First, and most obviously, it only surveys enterprises. Whilst the economic activities
undertaken by enterprises are clearly a very important part of most economies, they are not
the only component of a country’s economy. In most countries, there are valuable economic
activities undertaken by organisations which are not classified as enterprises, including
cooperatives and non-profit organisations of various kinds. Second, and importantly, the
enterprise survey only covers private enterprises - it explicitly excludes firms which are 100%
state-owned. However, in some countries, state-owned enterprises conduct very significant
economic activities including often being responsible for electricity generation, transmission
and distribution. Moreover, the surveys focus on manufacturing and services. However, it is
still the case that, in most poor countries, the majority of the labour force (and a very large
share of the poor) are employed in agriculture. Similarly, the surveys typically do not include
mining and other extractive industries which can constitute a very important part of some
economies.

The Enterprise Surveys also only survey registered firms with five employees or more.
However, the vast majority of people working in the private sector in sub-Saharan Africa and
South Asia work in very small firms of one or two people in the informal sector (Page and
Soderbom 2015).18 Also, importantly, the surveys can only cover firms that exist — they are
therefore unable to represent the views of entrepreneurs who may have wished to set up a
business in a particular sector, but were dissuaded from doing so due to electricity constraints.

15 More detailed information about the Enterprise Surveys and the methodology they use can be found on the on

the methodology page of www.enterprisesurveys.org

16 Specifically, firms classified with ISIC codes 15-37, 45, 50-52, 55, 60-64, and 72 (ISIC Rev.3.1). Services firms include
construction, retail, wholesale, hotels, restaurants, transport, storage, communications, and IT.

17 The list was: access to finance; access to land; business licensing and permits; corruption; courts; crime, theft and disorder;
customs and trade regulations; electricity; inadequately education workforce; labor regulations; political instability; practices
of the informal sector; tax administration; tax rates; and transportation.

18 Whilst the World Bank also undertaken additional surveys of the informal sector, these are not currently available for
cross-country comparison.
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Although there is no way of knowing the size of this selection bias, the direction of bias is
clear — the views of existing businesses are likely to underestimate the true level of constraint.

Finally, although the Enterprise Surveys focus on the collection of objective data on
constraints and firm performance, their measures of the relative importance of different
constraints are based on the perceptions of firm owners and managers. Whilst these
perceptions are extremely informative, they are inevitably subject to the biases typically
associated with perceptions surveys (see Gelb et al. 2007; Carlin, Schaffer, and Seabright
2006; Dethier, Hirn, and Straub 2008).

It is possible that the weaknesses of the Enterprise Survey may bias the preceptions of
electricity as a constraint. For example, enterprises may be more dependent on electricity and
therefore more critical than other respondents might be. If government firms have better
access than private firms, then the perception of constraints may be biased upwards. If
agriculture is less electricity intensive, then the focus on manufacturing and services may
create an upward bias in perceptions of constraints (although in some regions, e.g. South
Asia, agricultural use for water pumping is very high and so the bias may be the other way;
the same applies to the omission of mining and extractives). The bias from focussing on
registered firms of more than 5 employees isn’t obvious — informal firms tend to have worse
access and quality, but the constraints on larger firms may have larger implications for the
profitability of the businesses. As noted, the selection bias of focussing only on existing firms
will be downwards. It is impossible to assess the net effect of these potential biases, but
useful to be conscious of them in reviewing the analysis.

Notwithstanding these weaknesses for our specific purpose, the Enterprise Surveys represent
the most comprehensive cross-country data measuring constraints faced by a major part of the
private economy. We therefore briefly summarise the major findings regarding electricity as
a constraint that arise from the enterprise surveys and then compare these to the results
obtained from our systematic review of HRV studies.'® For brevity, we focus on Sub-
Saharan Africa and South Asia where the constraints are most severe.?

Figure 4 shows in a graphical format the percentage of firms in each country in sub-Saharan
Africa which see each of the elements of the business environment as their biggest obstacle.
Figure 5 shows the same information for countries in South Asia.

19 See Alby et al. (2012) for a more detailed analysis of the impact of electricity on firms using the Enterprise Survey data.
20 Similar analysis for other countries is available on request.
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Figure 4: Biggest obstacle as perceived by firms in sub-Saharan Africa

Business Customs and Inadequately
Accessto |Access to licensing and Crime, theft |trade educated Labor Political
Year finance land Courts and disord | El kf lati instability
All Countries 3.5 2.6 7.2 4.0 3.6 9.4 7.3 33 11.6
Sub-Saharan 59 23 7.5 25 46 137 25 8.8
Angola 2010 7.9 6.9 6.3 4.3 3.5
Burundi 2014 9.4 1.9 11.6 3.6
Benin 2009 25 8.0 4.5 4.8 11.2 23 53
Burkina Faso 2009 2.7, 9.7 6.8 6.1
Botswana 2010 73 10.1 83 39 5.6 2.8
Central 2011 5.9 2.7 7 3.6
Cote d'lvoire 2009 3.9 7.5 2.9
Cameroon 2009 7.4 5.1 34 2.0
Congo, Rep. 2009 29 21 8.7 5.4 29
Cabo Verde 2009 7.2 2.9 8.0 11.0 5.9 11.0 7.3
Eritrea 2009 6.0 BY/
Ethiopia 2015 4.6 7l 9.9 10.1
Gabon 2009 8.6 10.3 5.2 6.5 9.6
Ghana 2013 6.2 3.9 6.6
Guinea 2006 8.3 19 il
Gambia, The 2006 11.7 6.5 23 2.4 2.4 2
Guinea-Bissau 2006 7.5 7.7
Kenya 2013 9.6 4.7 2.7 4.6 4.5 9.6 9.8
Liberia 2009 25 2.4 4.1 23
Lesotho 2009 9.7 2.2 8.7 39 71 3.1 4.4 9.1
Madagascar 2013 5.5 4.9 6.8 2.7
Mali 2010 6.1 43 2.7 33 8.0
Mozambique 2007 5.2 4.1 7.8 4.2 9.1 5.2
Mauritania 2014 1.9 28 2.7 32 143 5.9 108
Mauritius 2009 21 25 23 8.0 3.8 11.3 6.9 2.0
Malawi 2014 71 3.6 10.7 3% 2.5 1.9 4.2
Namibia 2014 10.2 2.5
Niger 2009 21 5.7 2.5
Nigeria 2014/ 2.6 22 4.4
Rwanda 2011 5.4 2.7 4.6 4.6
Sudan 3.2 2.5 7.8 2.9
Senegal 49 01 41 24 62 8.1
Sierra Leone 2009 7.6 2.6 8.6 2.8 23 a2 6.9
South Sudan 2014 7.2 23 6.8 2.8 2.6 9.9
Swaziland 2006 10.3 2.7 5.4 5.2 3.4 6.8 2.5
Chad 2009 3.2 3.6 9.6
Togo 2009 9.0 4.6 9.5
Tanzania 2013 5 2l 25 19 3.2
Uganda 2013 6.6 7.7 2.6
South Africa 2007 7.5 2.7 29 7.1 6.7 5.6
Congo, Dem. 2013 420 01 15 5.0 4.0 3.9
Zambia 2013 8.6 37 2.5 2.6 2.6 23
Zimbabwe 2011 6.8

Note: Percentage of firms saying that the constraint is the biggest obstacle
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Figure 5: Biggest obstacle as perceived by firms in South Asia

Business Customs and Inadequately Practices of
Access to Access to licensing and Crime, theft (trade educated Labor Political the informal
omy Year |finance land permits Corruption Courts and disorder | Electricity workforce gul instability sector Tax ion |Tax rates Transportation

All Countries 15.7 3.5 2.6 7.2 11 4.0 3.6 9.4 7.3 33 11.6 12.4 3.4 12.1 2.9
South Asia 12.4 5.3 1.8 9.3 0.4 2.6 1.9 20.3 3.4 5.1 17.9 6.2 2.7 6.9 3.6
Afghanistan 2014 12.1 13.5 0.6 16.2 0.3 6.0 24 10.2 25 0.3 1.0 0.7 5.0 4.4
Bangladesh 2013 13.8 2.9 0.4 7.9 0.0 0.9 1.4 4.0 0.4 1.2 0.5 1.4 0.6
Bhutan 2015 23.8 31 1.5 0.9 0.4 2.0 2.2 6.9 3.8 22.6 1.8 9.6 11 12.1 8.1
India 2014 11.7 4.6 2.4 19.9 1.6 il il il.2 15.3 3.4 4.9 3.5 121 3.7 13.0 2.1
Sri Lanka 2011 14.1 9.8 6.4 2.0 0.5 2.1 2.7 11.4 6.4 6.6 1.0 16.0 6.1 11.9 3.1
Nepal 2013 8.6 2.9 13 0.8 0.0 0.0 13 0.9 0.4 3.0 0.1 1.0 5.1
Pakistan 2013 2.7 0.6 0.2 17.3 0.2 6.2 2.4 31 0.5 8.7 0.6 6.8 3.6 1.7

Note: Percentage of firms saying that the constraint is the biggest obstacle. Source: Authors analysis of Enterprise Survey data.

19



Figure 4 shows two striking results. First, by far the most important constraint perceived by
firms in sub-Saharan Africa is access to finance. Over a quarter of firms identify this as their
biggest obstacle compared to 15.7% globally. Indeed for 10 of the 43 African economies
included, more than a third of firms saw access to finance as their biggest constraint.
However, the second striking result is that, after access to finance, electricity is the next most
important constraint faced by firms. Fully 13.7% of firms in sub-Saharan Africa said that this
was their most important constraint, larger than the share for corruption, political instability
and informal sector practices (and much larger than the share of firms pointing to issues such
as access to land, customs and tax). In six of the 43 African economies included?!, more than
a quarter of firms rated electricity as their top concern (compared, for example, to only five
that had a similar percentage arguing that political instability was the key constraint).

Figure 5 presents an even stronger confirmation of the extent to which electricity is a
constraint in the South Asian economies. Here electricity is the top constraint with more than
a fifth of firms across the region arguing that it is the biggest obstacle (compared to only
12.4% for access to finance). In three of the seven economies (Pakistan, Nepal and
Bangladesh), more than a quarter of firms see electricity as their biggest obstacle — in
Pakistan 45% of firms see this as the top obstacle. Electricity even trumps political
instability, the second most frequently mentioned obstacle.

Given this striking affirmation of the importance of electricity as a constraint, it is worth
exploring in more detail the nature of the constraint faced by firms in both regions. Appendix
Table A.2 shows data on the full range of electricity related variables collected by the
Enterprises Surveys for sub-Saharan Africa; Appendix Table A.3 provides the same
information for South Asia.

Table A.2 shows that sub-Saharan African economies typically face 8.5 electricity outages
each month, but with some countries experiencing outage on daily basis. Typically outages
last for over 5 hours and lead to losses of 5.5% of annual sales. Consequently, more than half
of the firms surveyed own or share a generator — in the Central African Republic and the
Republic of Congo, more than 80% of firms own or share a generator, with more than 30% of
their electricity coming from this source (despite it being many times more expensive than
grid electricity). One of the reasons is the difficulty in obtaining an electricity connection —
which typically takes 33 days, but can be up to 194 days in Ethiopia. Unsurprisingly, 38% of
firms across the region said that electricity was a major constraint.

The challenges faced by firms with electricity appear to be even worse in South Asia.
Outages occur 25 times a month (although this figure is biased by the extremely high number
of outages in Bangladesh (64.5) and Pakistan (75.2)). Although the duration of outages is
slightly shorter than in sub-Saharan Africa, the losses are typically higher with a similarly
high share of firms owning or sharing generators. Obtaining an electricity connection is even
more difficult in South Asia than in most sub-Saharan African countries. As a consequence,
46% of firms see electricity as a major constraint (75% in Pakistan).

21 Central African Republic, Rep. of Congo, Guinea, The Gambia, Guinea-Bissau, Nigeria.
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Having provided a brief review of the findings of the Enterprise Surveys on electricity as a
constraint, it is useful to compare these with the results of the systematic review of the 55
HRYV papers presented in Appendix 1. Two major conclusions can be drawn.

First and most significant for our core research question — is that there is strong agreement
between the review of the literature and firm perceptions that poor electricity supply is a
major constraint in many countries. As noted above, the systematic review suggests that in
most countries slow growth is the result of low returns to economic activity. This, in turn, is
driven by failures in the microeconomic and sectoral policies pursued by governments, and
low social returns, predominantly caused by poor infrastructure. The dominant complaint
about poor infrastructure concerns access to and the unreliability of electricity. Thus the firm
level data strongly corroborates the findings of the systematic review with regard to
electricity.

Second, there is a marked difference between the perceptions of firms about the importance of
access to finance and the conclusions of the binding constraints literature. The enterprise
survey data show this as the most important constraint for businesses in sub-Saharan Africa
and in the top three for South Asia. However, the systematic review rarely finds that finance
is the binding constraint to growth. Only 12 of the 55 studies suggest that the high cost of
finance is a binding constraint to growth, including only two in Africa (DRC, Ghana) and
three in South Asia (Bhutan, Maldives and one of the Pakistan studies). This may be because
firms typically complain about difficulties in access to finance both for viable investments
and for non-viable ones, potentially creating an upward bias the perceptions of finance as a
constraint.

Relationship Between Electricity as a Binding Constraint and Electricity
Prices

In addition to our core question of whether electricity is a binding constraint to growth, we
also explore briefly a subsidiary question about whether, in places where electricity is a
binding constraint, this is reflected in electricity prices. Clearly, if by “electricity prices” we
are referring to shadow prices, then the answer is obviously “yes”, since high shadow prices
are evidence for electricity being a binding constraint. Whilst a high shadow price does not
guarantee that electricity is a binding constraint (since there may be other constraints that
matter even more), if electricity is a binding constraint then, by definition, the value
associated with releasing the constraint i.e. the shadow price, must be high. Hence a high
shadow price is not a sufficient condition, but it is a necessary condition for being a binding
constraint.

However, it is not immediately obvious therefore that electricity being a binding constraint is
associated with high prices paid by customers. If markets function effectively then being a
binding constraint would certainly imply high electricity prices; however, markets and prices
for electricity are strongly regulated in most countries. As a result it cannot be concluded that
high prices are reflective of electricity being a binding constraint. Indeed, the reverse could
be the case; that is, the binding constraint on electricity supply could well be the solvency of
the national utility which is often required to sell electricity for significantly less than its cost
of production. In such a situation, high prices might be reflective of an attempt to improve
the financial standing of the utility. In such a situation high prices might be reflective of a
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better functioning electricity system, whilst lower tariffs might be more likely to reflect the
existence of a binding constraint.

Unfortunately, the literature on the relationship between growth constraints and electricity
prices — other than that reviewed above — is extremely sparse. There is a range of papers that
look at electricity prices, but principally in the context of how reform of the sector influences
such prices (Steiner 2001; Hattori and Tsutsui 2004). A handful of papers have explored the
impact of regulatory reform on electricity prices in developing countries (e.g. Nagayama
2007, Estache et al. 2006) and Zhang et al. (2008) explores the impact of privatization and
regulation on economic performance in developing and transitional countries - but their work
does not look at the impact on prices.

Fortunately, the World Bank’s Doing Business survey (2016) added an additional module
over the last few years to estimate the cost of electricity for a standardised firm in a very large
number of countries.??> Whilst this represents only the de jure costs faced by a the imaginary
firm and therefore may not be reflective of the actual costs faced by typical firms?® in each
country, it is, to our knowledge, the only dataset with comprehensive coverage of electricity
prices in developing countries, particularly Sub-Saharan Africa and South Asia. We therefore
collated the prices per KWh for each of the countries in our review, separating them into
countries where electricity had been identified as a binding constraint and those where it was
not. The results are shown in Figure 6.

22 The World Bank Doing Business survey collects data on Price of electricity consumption in selected survey city by
estimating a cost for a standardised firm. In this case, the firm is actually defined as a warehouse that “operates daily from
9:00am to 5:00pm (not for 24 hours), without electricity cuts (assumed for simplicity reasons), has a subscribed capacity of
140 kVA, a power factor of 1 (1 kVA =1 kW), and a monthly consumption of 26,880 kWh. The warehouse is locally owned
by an entrepreneur and is operated for commercial purposes 30 days a month. Therefore, the hourly consumption is (26,880
kWh/ 30 days/ 8 hours) = 112 kWh.” If there are multiple electricity suppliers, the survey assumes that the cheapest supplier
per customers served is used. Finally, the estimates are based on the tariffs of March 2015 and March 2014.

23 In particular, many firms deal with unreliability of grid supply by running generators at much higher cost than grid
electricity or tariffs. Hence the cost of electricity estimates in the Doing Business survey are likely to significantly
underestimate the true costs faced by firms.
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Figure 6: Price per KWh for review countries with and without electricity as a binding constraint
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As highlighted in Figure 6 above, we observe slightly higher average electricity prices per KWh
in the countries where electricity is one of the binding constraints compared to the countries
where electricity is not a binding constraint. The average price of electricity in 2015 (2016) was
18.99 (19.42) US cents per KWh in the countries where electricity is binding compared to 16.85
(15.78) US cents per KWh in those countries where it is considered non-binding. However,
there is clearly no statistically significant difference between the two groups as the variation
within each group far exceeds the variation between them. For example, electricity is a binding
constraint in Papua New Guinea where the electricity price, at 44.3 US cents per KWh in 2015,
was substantially higher than in any other country in the sample. Similarly, electricity is
binding in Nicaragua where the price was 36.1 US cents per KWh in 2015 due to very poor
public and private infrastructure and ineffective pricing and subsidy policies resulting in very
high cost to non-subsidized users (Agosin et al. 2009). At the same time, Asian Development
Bank (2015b) argues that electricity is not a binding constraint in the Maldives despite having
one of the highest electricity costs in the sample (41.8 US cents per KWh in 2015). Similarly,
although the electricity sector is inefficient, electricity was not regarded as a binding constraint
in Guyana despite a price of 32.2 US cents per KWh in 2015 (Armendariz et al. 2007). These
examples illustrate that a high price, in and of itself, does not necessarily mean that electricity
is a binding constraint to growth — much depends on the other constraints that the country faces.

Equally, a low electricity price is not a guarantee that there is not a constraint. Electricity was
3.1 US cents per KWh in the Kyrgyz Republic in 2015. However, the Asian Development Bank
(2014b) argue that electricity is one of the top constraints to economic growth in the country.
This is because the low prices in the Kyrgyz Republic reflect tightly controlled electricity tariffs
which do not reflect the actual costs of production. But the existence of low prices is not a
reliable indicator of the existence of a binding constraint either. Bhutan had one of the lowest
electricity costs at 4.6 US cents per KWh in 2015, but electricity was not deemed a binding
constraint by the Asian Development Bank (2013), even though prices were set well below the
average cost of supply. Similarly, electricity is not considered binding in Zambia
(lanchovichina and Lundstrom 2008) where prices were only 4.5 US cents per KWh in 2015.
Thus having electricity as a binding constraint does not automatically imply either a high or a
low electricity price; and a high or low electricity price by itself is not a reliable indicator of
whether electricity supply is a binding constraint to growth — although, as noted before, there
may be a tighter relationship between the (unknown) true costs faced by firms and whether
electricity is deemed a binding constraint.

There is also a rather weak relationship between electricity prices and the reliability and quality
of supply. Figure 7 shows the relationship between the World Bank’s reliability of supply and
transparency of tariffs index and electricity prices for all the countries in our sample.?* There
is a high degree of variation in electricity reliability for countries with similar electricity prices.
For example, the Democratic Republic of Congo scores 1 in the index with an electricity price
of 11.5 US cents per KWh, while Morocco scores 7 at almost exactly the same price (11.6 US
cents per KWh). Such contrasts can be found at all prices levels between 5-20 US cents/KWh.
This said, there is an overall negative correlation between reliability and price (with a
coefficient of -0.22) driven in part by the fact that, for prices above 22 US cents/KWh, the
overall reliability of electricity and transparency of tariffs index scores never rises above 4 (and

24 The index ranges from 0 to 8, with higher values indicating greater reliability of electric supply and greater transparency of
tariffs. See http://www.doingbusiness.org/methodology/getting-electricity for details.
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is zero for a large number of countries including Papua New Guinea, Maldives Benin, Kenya,
and Ghana).

Figure 7: The relationship between the price of electricity, reliability of supply and transparency of

tariffs
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A similar picture emerges when looking at the relationship between the duration and
frequency of outages and electricity prices for the countries in our sample (Figure 8).%° Prices
of between 10-22 US cents per KWh are associated with a very wide range of performance,
whereas very high prices are typically associated with poor and unreliable service.

25 The Doing Business survey uses the system average interruption duration index (SAIDI) and the system average
interruption frequency index (SAIFI) to estimate the duration and frequency of power outages in the largest business city of
each country. If SAIDI and SAIFI are below 12 (equivalent to an outage of one hour each month), a score of 1 is assigned. If
SAIDI and SAIFI are below 4 (equivalent to an outage of one hour each quarter), 1 additional point is assigned. Finally, if
SAIDI and SAIFI are below 1 (equivalent to an outage of one hour per year), 1 more point is assigned. Hence a score of
zero indicates a poor quality of service, while a score of 3 indicates a highly reliable service.
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Figure 8: The price of electricity and the total duration and frequency of outages per customer a year
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While the Doing Business data provides an indication of the relationship between electricity
as a binding constraint and prices, it is based on the calculation of prices that should be
payable by a stylised reference firm. More recently, the World Bank have undertaken an
analysis of the financial viability of electricity sectors in 39 countries in Sub-Saharan Africa
based on data compiled from utilities (Trimble et al, 2016). This shows a major gap between
electricity costs and tariffs, with only two countries in Africa (Uganda and Seychelles) having
financially viable electricity sectors. There is a significant gap between the average tariff
charged in many countries and the costs of supply, making tariffs an unreliable guide to
whether or not electricity constitutes a binding constraint.?®

However, understanding the relationship between binding constraints and the true cost of
supply, it is not the same as determining the relationship between electricity being a binding
constraint and the prices paid and costs incurred by users. There is, to our knowledge, no
systematic data on the costs of electricity to households across Africa and South Asia. One
reason for this is that determining costs to users is extremely difficult because it depends not
only on the official tariffs but also on the honesty and efficiency of bill collection and the
ability of households to obtain electricity from more than one source. Yet obtaining such
information is important because, without it, it is extremely difficult to conduct credible
analysis of the impact of electricity sector reforms on poverty and the distribution of income
or consumption. This should be an important focus for data collection going forward.

% Indeed, the average tariff for the five African countries for which binding constraints studies suggest electricity is a major
constraint have lower average tariffs than the three countries for three African countries for which we have binding
constraints studies suggesting that electricity is not a major constraint.
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Summary and opportunities for further research

This review of the literature on the binding constraints to economic growth has shown that
electricity is one of the top constraints to growth in developing countries. Almost all of the
55 studies reviewed mentioned electricity with around two-thirds discussing electricity access
and reliability. Well over half of the studies cited infrastructure as a binding constraint to
growth (second only to “micro risks” as a constraint) and 40% of all studies identified
electricity as a binding constraint. The studies make clear the particularly low levels of
access in Sub-Saharan Africa and South Asia, especially in rural areas and the poor quality
and reliability of supply. The existence of electricity as a binding constraint is revealed in
several countries through high shadow prices, significant economic costs associated with
outages, widespread attempts to avoid the constraint — notably by the use of generators, and,
in all likelihood, the relatively poor performance of energy intensive sectors (although the
evidence for this in this review is thin). Moreover, the importance of electricity as a
constraint is confirmed by data from the World Bank’s Enterprise Survey which suggests that
it is the second most important obstacle for firms in Sub-Saharan Africa and the most
important obstacle in South Asia. Finally, the limited data available on electricity prices
suggests that prices are slightly higher on average in countries where electricity is a binding
constraint, but that prices are a poor proxy for electricity being a binding constraint.
However, very high prices do appear to be associated with poor quality and reliability.

Going forward, we suggest three areas where we believe that research could play a useful role
in generating evidence useful for policy and one area where, perhaps controversially, we
suggest that less effort should be put.

First, the literature reviewed has provided a picture of the extent to which electricity is a
constraint at the country level. However, such analysis is very generic and doesn’t, in itself,
provide clear guidance to policymakers. To make further research more useful for policy it
needs to be more granular — for example, understanding how access to and the quality of
electricity affects firms and households. There is also a clear need for better data on who has
access to electricity (including disaggregation by gender — a subject barely mentioned in the
studies reviewed), how much, where they obtain it from and how much they actually pay.
Such data is essential to understand the microeconomic constraints to income growth at the
household and firm level.

Second, at a macro level, there is a need to understand what drives electricity prices. Our
study has shown the enormous variation in prices across countries (and we also uncovered
some evidence for similar wide variations in costs within countries). Prices are not a reliable
indicator of whether electricity is a binding constraint, nor in general of quality and reliability.
Rather prices are driven by a combination of cost factors, including geography and resource
endowments, as well as policy and implementation variables, such as the efficiency of
generation, transmission and distribution, the extent of theft, and the pricing policies adopted
by governments. Trimble et al. (2016) has started to assess the relative contribution of such
influences in Sub-Saharan Africa and therefore the right policy balance between efforts to
reduce costs and improve efficiency and attempts to put in place appropriate pricing policies
for sustainable improvements in supply. But we do not have this information for other areas
of the developing world, nor a clear link between tariffs and the actual prices paid by
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consumers. To achieve this would require a comprehensive programme of data gathering on
electricity prices akin to that which has already exists for fossil fuel prices.

Third, and perhaps most important, there is a need to understand why the low levels of access
and poor quality persist. Much effort has focused on measuring the extent of access and
quality and the impact of power sector reforms (e.g. Jamasb, Nepal and Timilsina, 2015).
There is also an important literature which attempts to learn lessons about power sector
reform (see Choynowski 2004, Besant-Jones 2006, Dornan 2014a) and work which explores
the political economy of reform (Kojima, Bacon and Trimble, 2014, Dornan 2014b, see
McCulloch, Ward and Sindou, forthcoming, for a review). However, further work is needed
to understand the underlying motivations and constraints faced by different groups of actors
since this could help to explain why progress is difficult as well as potentially identify context
specific ways in which progress can be made. Research could usefully explore instances
where rapid progress has been made in either access or quality or both and unpick the factors
and approaches that enabled such progress to be made. This could be assessed through
coordinated case studies designed to explore both the persistence of failure and the triggers
for success.

The area in which we suggest less effort should be placed is in further refinement of “binding
constraints” studies. This may be surprising — many such studies are of poor quality and even
those that were selected were not always consistent in the quality of their analysis. It is
clearly a good thing for there to be a methodology which attempts to objectively assess the
relative importance of different constraints for a country’s growth. However, in our view, the
binding constraints methodology is too generic to provide operationalisable recommendations
for energy policy. In most situations, it is relatively easy to determine whether electricity
provision is a significant constraint or not using readily available data on access and
reliability, along with the views of the business community. The key challenge is not to
further refine that judgement, but to explore in more detail why the problem exists in each
country and what are the most effective approaches to addressing it.
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Appendix Tables

Table A.1: HRV Diag
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Table A.2: Electricity Data from Enterprise Surveys in Sub-Saharan Africa
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Cabo Verde 2009 3.2 5.1 9.2 2.5 5.5 48.8 10.9 24.4 30.5 53.1
Eritrea 2009 0.5 0.5 2.8 0.0 0.2 36.8 1.0 3.4 .. 0.2
Ethiopia 2015 8.2 4.6 5.8 4.6 6.9 49.1 21.5 48.9 194.3 33.3
Gabon 2009 4.6 3.6 5.4 0.9 1.7 22.9 1.8 9.6 34.5 58.0
Ghana 2013 8.4 6.6 7.8 11.5 15.8 52.1 10.5 21.5 44.7 61.2
Guinea 2006 31.5 6.3 6.8 13.0 13.9 59.9 35.4 59.2 16.1 83.6
Gambia, The 2006 21.0 6.1 6.9 9.8 11.8 63.9 20.7 32.3 63.9 78.1
Guinea-Bissau 2006 5.2 10.1 17.9 2.5 5.2 68.4 53.6 78.3 20.5 74.1
Kenya 2013 6.3 5.0 5.6 5.6 7.0 57.4 7.8 14.0 43.0 22.2
Liberia 2009 1.7 1.5 4.7 0.8 2.8 66.5 60.6 91.1 .. 59.1
Lesotho 2009 4.1 3.1 5.5 3.3 6.7 30.9 0.0 .. 13.9 44.2
Madagascar 2013 6.7 1.6 1.9 6.8 13.6 19.3 6.0 32.2 24.0 25.5
Mali 2010 2.7 3.1 5.8 1.2 4.1 20.1 2.1 22.3 32.9 33.5
Mozambique 2007 1.6 2.2 4.3 1.2 2.4 12.6 1.3 10.8 12.7 24.8
Mauritania 2014 5.3 2.1 2.6 1.2 2.4 42.2 5.1 17.2 16.1 57.9
Mauritius 2009 1.2 1.2 3.2 0.5 2.2 24.5 0.8 3.4 18.6 42.9
Malawi 2014 6.7 3.5 4.3 5.1 7.2 40.9 10.3 27.3 50.4 24.8
Namibia 2014 0.6 1.2 5.8 1.2 4.8 18.0 3.8 25.5 20.3 14.2
Niger 2009 18.5 1.5 1.6 1.1 1.9 34.5 5.2 20.1 37.1 63.2
Nigeria 2014 32.8 8.0 11.6 10.8 15.6 70.7 41.2 58.8 9.4 48.4
Rwanda 2011 4.0 2.7 4.3 1.0 2.6 48.8 3.0 7.8 31.4 15.4
Sudan 2014 3.4 2.3 2.5 1.1 1.2 54.1 3.8 7.2 5.8 7.6
Senegal 2014 6.0 1.1 1.8 1.7 2.8 64.2 4.7 9.0 24.8 48.2
Sierra Leone 2009 13.7 8.8 10.2 5.5 6.6 81.8 36.6 44.8 14.8 53.4
South Sudan 2014 1.5 0.5 4.7 1.8 13.6 73.3 68.9 94.2 9.7 58.6
Swaziland 2006 1.8 1.5 2.0 1.6 2.5 36.8 3.7 10.2 16.9 12.4
Chad 2009 19.6 7.5 8.8 2.3 3.3 75.4 52.0 69.7 10.6 74.6
Togo 2009 7.2 4.3 5.7 6.1 10.5 63.6 9.3 17.3 53.9 50.8
Tanzania 2013 8.9 5.1 6.3 5.5 15.1 43.0 8.2 24.5 52.6 45.8
Uganda 2013 6.3 6.8 10.1 6.3 11.2 52.2 8.4 17.6 18.1 26.8
South Africa 2007 0.9 2.0 4.5 0.7 1.6 18.4 1.9 10.9 15.8 20.8
Congo, Dem. Rep. 2013 12.3 4.9 5.6 6.2 7.8 59.5 21.7 37.2 16.0 52.2
Zambia 2013 5.2 2.1 2.8 5.5 7.5 27.3 4.4 17.7 18.9 27.1
Zimbabwe 2011 6.7 5.0 5.9 6.9 8.8 53.0 5.4 10.4 30.0 46.8
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Table A.3: Electricity Data from Enterprise Surveys in South Asia

If there were
outages, If there were If a generator
average outages, is used, Days to Percent of
Duration of a |duration of a average losses average obtain an firms
Number of typical typical Losses due to |due to Percent of Proportion of |proportion of |electrical identifying
electrical electrical electrical electrical electrical firms owning |electricity electricity connection electricity as a
outagesina |outage outage outages (% of |outages (% of |or sharing a |froma from a (upon major
Economy Year |typical month ((hours) (hours) annual sales) |annual sales) |generator generator (%) generator (%) |application) |constraint
All Countries 6.4 2.4 4.4 2.6 4.7 32.6 7.3 20.3 315 30.9
South Asia 25.4 3.1 5.3 6.6 10.9 45.4 12.4 24.4 55.1 46.1
Afghanistan 2014 11.5 2.6 3.8 5.1 9.6 48.0 18.1 38.3 111.3 65.8
Bangladesh 2013 64.5 0.9 1.2 3.7 5.5 62.8 16.3 26.1 84.7 52.0
Bhutan 2015 0.4 1.6 8.1 1.5 3.7 9.5 0.9 10.2 21.3 14.1
India 2014 13.8 1.1 2.0 2.0 3.7 46.5 4.0 8.8 21.9 21.3
Sri Lanka 2011 4.1 1.1 1.5 2.0 3.0 35.1 1.6 4.8 42.4 25.6
Nepal 2013 8.7 1.2 3.6 10.5 17.0 50.5 20.9 41.3 21.3 68.8
Pakistan 2013 75.2 13.2 16.9 21.2 33.8 65.4 25.2 41.4 82.8 75.3

50



	1.3 cover template
	1.3_McCulloch_Feb2017_CLEAN
	Is Electricity Supply a Binding Constraint to Economic Growth in Developing Countries?
	Abstract
	Acknowledgements
	Introduction
	The Binding Constraints Approach
	Literature Review Methodology
	Review of Binding Constraints Studies
	Comparison with Enterprise Survey Data
	Relationship Between Electricity as a Binding Constraint and Electricity Prices
	Annexes



