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Chapter I: Introduction

1 Motivation

Water is essential for human life. But the amount of fresh water on earth is
limited. Although two thirds of the earth’s surface is covered by water, only
1% is fresh water. Moreover, 1.2 billion people live in areas where water is
scarce, which has a negative impact on their life’s quality. Without access to
safe water, many communities suffer from water-related diseases that can lead
to higher mortality or morbidity. Additionally, the time spent collecting water
reduces the opportunity to carry out other activities like studying or working,
which affects the future wellbeing of many families. Improving the access to
safe water not only saves human lives, but also improves education of children,
reduces health-care expenses and improves economic productivity.

WHO has shown in several studies that access to water and sanitation
services is fundamental for improving global health. In 2008, access to safe
water could have prevented near 2.7 million deaths in children worldwide,
half of the cases due to diarrhoeal problems. Moreover, access to safe water
can prevent being seriously disabled due to lymphatic filariasis and trachoma.
WHO has calculated that each year 10 million people get seriously affected by
these diseases. So, having access to safe water and sanitation could improve
the lives of near 13 million people each year. This is because 9.1% of burden of
disease worldwide could be prevented by improvements related to safe water
and sanitation. Also, 6.3% of all deaths could be prevented by improving
access to safe water and sanitation (WHO 2008).

In 1977, United Nations 'Water Conference’ at Mar de la Plata set up
an International Drinking Water Decade, 1981-1990, with the objective to

make access to safe drinking water available across the world.! Although the

'In the last decades, several international organizations have included the support to the
construction and management of water systems in their agendas. The Inter-American De-
velopment Bank (IDB) is the largest funding agent in Latin America and the Caribbean, and
promotes the construction of water systems and the technical assistance to water managers
in cities with less than of 50,000 inhabitants, focusing on poor communities. It also helps
rural communities to have access to funding and technical assistance to operate their water
systems. The Global Water Partnership (GWP) is an international network which supports
countries in the development of Integrated Water Resources Management (IWRM). The
World Bank finances projects to increase access to water services both in rural and urban
areas of developing countries.



objective of easing access to safe water and sanitation for everybody at 1990
was not attained, this was the first relevant attempt to guarantee universal
access to the service. Just at the end of the 80s, WHO and UNICEF created
the Joint Monitoring Programme for Water Supply and Sanitation (JMP) in
order to report globally on the status of water and sanitation sector and to
support countries to improve the performance of their water systems.

The importance of water for economic development was finally highlighted
by the UN in September 2000, after world leaders adopted the Millennium
Declaration. The main objective of the Declaration was to reduce extreme
poverty in the world. After this Declaration, the UN established the Millen-
nium Development Goals (MDG).? The main objective was to reduce extreme
poverty achieving eight goals by 2015. Within these Goals, the importance
of access to safe water was highlighted in the objective number 7. In par-
ticular, the goal was to halve, by 2015, the proportion of population without
sustainable access to safe drinking water and basic sanitation. This objective
is also related with the Goal number 4, which consists in the reduction of child
mortality. Indeed, access to safe water reduces the probability of being ill due
to water-related diseases, which is one of the main causes of morbidity and
mortality in children under five years in developing countries.

From 2000 to date there has been a huge increase of water coverage in
the world, and the objective established in the MDG was met 5 years before
the deadline. Also, between 1990 and 2015, 2.6 billion people gained access
to improved drinking water and 2.1 billion people gained access to improved
sanitation. Moreover, between 1990 and 2015 the global mortality rate of
children under five years has declined from 90 to 43 deaths per 1000 live births,
reducing the number of deaths to 6 million per year at 2015. Results are much
less positive in rural areas, where children under five years are about 1.7 times
more likely to die than those living in urban areas. Although in the last decade
many countries have made important progress to attain the MDG’s, nowadays,
still 16,000 children under five years die every day mostly from preventable
causes.

In addition to water, access to energy can also improve the quality of life of
rural population worldwide. As UN(2005) noted, energy services are related
with almost all MDG’s because having access to energy services has a multiplier

effect on health, education, transport, telecommunications, safe water and

?United Nations. Millennium Development Goals. http://www.un.org/millenniumgoals/
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sanitation. Moreover, the use of solid biomass for indoor cooking has been
reported as being one of the main drivers of respiratory diseases in developing
countries, especially in the case of children and women, who spend more time
at home.? In addition, the use of inefficient cookstoves reduces the time that
women and children can allocate for productive or educational activities, since
they have to dedicate a lot of their daily time for cooking and gathering fuel.

It is estimated that 1.2 billion people worldwide lack access to electricity
while more than twice depend on biomass (wood, agricultural waste, dung)
for cooking (Bonjour et al. 2013). Although the 71.77% of the world popu-
lation living in rural areas has access to electricity, this value is reduced to
69.34% if we focus on those countries whose incomes per capita are considered
medium or low. Moreover, there is much dispersion between different countries
and regions. Developing countries of the Pacific and East Asia have a rural
coverage of 92.80%, similar to that of the developing countries in Latin Amer-
ica (86.10%) or Middle East and North Africa (90%). However, Sub-Saharan
African countries have a limited coverage of 15.32%. This area encompasses
the countries with the lowest rural coverage. In addition, rural population of
developing countries relies on a combination of pollutant and modern fuels for
energy purposes like cooking or heating.

Taking this into account, improving access to clean fuels and non-polluting
stoves is also a key policy for improving health and living conditions of the
population of developing countries, mainly in rural areas. International or-
ganizations have created programs to increase energy access worldwide. For
example, World Bank has 368 active programs in the energy sector, being
Africa the region with the most active programs (131). From this 368 pro-
grams, 85 are devoted to improve rural services and infrastructure, and more
than a half, 44, are carried out in Africa, like AFREA, which aims to help to
meet the needs and widen access to energy services in Sub-Saharan African
countries in an environmentally responsible way.

In the case of cookstoves, from a pool of 87 developing countries, 14 have

launched initiatives to substitute inefficient cookstoves for improved ones (UN.

SESMAP (2002, 2003a, 2004) explains the close relationship between fuel type, kitchen
type and kitchen ventilation with the exposure to particulate matter. The smoke produced
during the combustion of solid fuels contains pollutants (particulates, carbon monoxide,
formaldehyde, etc.). Also, exposition to particulates less than 10 microns in diameter (small
particulates) is a risk factor for acute respiratory infections (ARI) and for acute lower res-
piratory infections (ALRI). Small particulates are also related with chronic bronchitis and
chronic obstructive pulmonary disease.



2013). It is important to remark the actions taken by Global Alliance for
Cleaner Cookstoves (GACC) and Energising Development (EnDev). GACC
was created in 2010 and focuses its intervention in substituting traditional
cookstoves for improved ones. In particular, its objective is to replace 100
million cookstoves by 2020. EnDev promotes sustainable access to modern
energy services worldwide. EnDev?* works in 24 countries improving access to
renewable energies, increasing grids or substituting traditional cookstoves for
improved ones.

To emphasize the relevance of water and energy services for the poor, note
that after the deadline of the MDG’s, the United Nations established a new
set of goals called Sustainable Development Goals (SDG) with a time horizon
of 15 years. Through these Goals, UN wants to achieve both the eradication
of poverty and attaining a sustainable development in economic, social and
environmental terms. The SDG highlight both the importance of water services
and the access to clean energy. Within this Goals, United Nations wants to
achieve universal and equitable access to safe and affordable drinking water
and access to affordable, reliable, sustainable and modern energy for all the
population by 2030.°

The objective of this thesis is to analyse the provision of water and energy
services in developing countries. It contains two empirical papers focusing in
the particular case of Peru. In this sense, it is important to remark that Peru
is a country that has benefited from an important growth in last years, but
where a large number of communities living in rural areas face severe problems
to access safe drinking water and clean energy sources. In the case of water
services, piped water coverage is lower than similar countries of the region and
in the last years it has been difficult to increase coverage through public or
private firms. The regulation of the water sector in Peru has undergone a
major change in the last decades. On the one hand, there has been an impor-
tant decentralization process to give more responsibility to the regional and
local municipalities for managing and supervising the provision of the service.
On the other hand, the government has established a clear separation in the
regulation of the urban and rural areas, and has promoted the participation

of rural communities in the expansion and management of water systems. In

4Tt is funded by Australia, Germany, Netherlands, Norway, United Kingdom and Switzer-
land.
SUnited Nations. https://sustainabledevelopment.un.org/topics



urban areas the service is usually provided by large public firms that are under
the responsibility of local and regional authorities and supervised by a sectorial
regulatory agency. In the rural communities of less than 2,000 inhabitants the
service is usually provided by communal organizations that are called Juntas
Administradoras de Servicios de Saneamiento (JASS), which are supervised
by local governments.

In 2006 the government of Peru approved the Plan Nacional de Saneamiento
2006-2015, which established various priority actions for rural areas, such as the
modernization of the management of the water sector; ensure the sustainability
of the infrastructure; improve the quality of the service; and increase the access
to improved water. The Plan states that local governments should supervise
the JASS and that should be prioritized the rehabilitation of the systems, the
training of the JASS members and the health education of the population. It
also shows the need to modify the tariff structure in order to guarantee that
revenues generated cover the operational and the maintenance costs, and that
prices reflect the quality of the service.

In the case of energy, only half the Peruvian population living in rural
areas use non-contaminant fuels for cooking purposes. In 2012, the Ministry
of Energy and Mines (MINEM) of Peru approved the Plan de Acceso Universal
a la Energfa 2013-2022 to meet the needs of the most vulnerable population.
The objective of this plan is to provide universal access to energy and improve
energy efficiency. One of the projects that have been developed in this regard
is the Fondo de Inclusién Social Energético (FISE), which is a social energy
compensation system for the low income population. The main objective of
FISE is the universal access to natural gas for both residential and vehicular
uses. In the residential case, the FISE program aims to promote access to
LPG (liquefied petroleum gas) to families whose houses are located in the
poorest districts. To do so, discount vouchers of 16 nuevos soles (about 53)
are offered to buy an LPG cylinder. The FISE has been applied in the poorest
municipalities of Peru, which are identified through a poverty map elaborated
by the statistical office of Peru (INEI, Instituto Nacional de Estadistica e
Informdtica). In those districts, the voucher is offered to poor households.
It is important to note that this program not only promotes the use of LPG
but also offers LPG cookstoves to poor households that cannot afford them.
Hence, this program is promoting the substitution of traditional cookstoves for

cleaner ones.



2 Historical background

At 50s, many economists favoured state ownership of firms in several industries,
as monopoly power and externalities produced market failures (Shleifer 1998).
This trend eased the rapid growth of the public sector in developing countries
during the 60s and 70s decades. In the case of colonial countries this trend
was influenced by inheriting a public company at the time of independence.

Despite the ideological trend advocating that public ownership of these
companies would improve its efficiency, the growth of the public sector was
also motivated to capture rents by governments (Van der Walle, 1989). On
the other hand due to the absence of a sufficiently mature private sector that
would facilitate the privatization, in some developing countries there was only
public provision.

From the 80s it was noted that most of these companies had difficulties
to cover costs which in turn caused a burden on the governments of many
countries. Furthermore, the services offered by public firms were not meeting
the standards that people expected from them, mainly due to service rationing
and supply interruptions (Estache, Foster and Wodon, 2002). The low quality
of the service and the limited coverage caused the discontent of the population.
This situation, coupled with the government fiscal problems, facilitated the
privatization of public firms in several countries (Van de Walle, 1989).

In developing countries, reforms in sectors like energy, transportation or
telecommunications were more intense in the 90s, and were favoured by tech-
nological change. International organizations, like World Bank and the IMF, a
number of private transnational banks and governments of some countries pro-
moted these reforms, trying to increase the efficiency of markets (Bierstekker
1990, Ramamurti 1992, Bayliss 2002, Brune et al. 2004). Moreover, priva-
tization was often a requirement to be eligible to get funding through World
Bank and the International Monetary Fund (Bayliss 2002). In general, many
of the reforms introduced in this period were focused on reducing the role of
the state in the economy to rely on market mechanisms. (Bierstekker 1990)

According to World Bank (2001) revenues earned by governments of de-
veloping countries due to privatizations in the 90s amounted to more than
300 billion dollars. Moreover, this figure goes up to 1101.6 billion dollars for
the period 1985-1999. Although privatization was more common in developed

countries, it is important to note that the bulk of transactions were in low and



middle income. According to Brune et al. (2004), from a total of 8172 trans-
actions during this period more than a half, 4269 took place in middle income
countries. Also the three regions more active were Eastern Europe and Central
Asia (2453 transactions), Sub-Saharan Africa (1662) and Latin America and
the Caribbean (1601). Moreover, emphasize that the privatization of telecom-
munications and energy infrastructures were the most active in this period. In
addition, the most active region in the 90s was Latin America, where privati-
zations achieved a revenue of approximately $ 177 billion, equivalent to 56%
of the total revenues for all regions during this decade (World Bank 2001).

As privatization was justified by the expected improvement in efficiency
caused by the private management of the service, several papers have analysed
whether privatization has achieved the goal of improving efficiency and eased
access to the service to the population of developing countries. Several stud-
ies show that the most important factor that facilitated the improvement of
market efficiency in this period was the introduction of effective competition
(Martin and Parker 1997, Villalonga 2000, Megginson and Netter 2001, Prizzia,
2001, Shirley and Walsh, 2001, Estache et al., 2012). The technological change
favoured the introduction of competition in telecommunications and energy
sectors, easing the impact of privatization. On the contrary, these changes
have been of minor importance in the water and sanitation sector, which made
privatization difficult.

Several studies have analysed the effects of privatization across sectors.
McKenzie and Mookherjee (2003) analyse the effects of privatization in vari-
ous sectors of four Latin American countries (Argentina, Bolivia, Mexico and
Nicaragua). They conclude that privatization has facilitated the expansion of
the service in water, energy and telecommunications. Devkar et al. (2013),
using 67 studies as a basis for their work, found a positive relationship be-
tween the privatization of telecommunications, energy and water sectors with
the increase in service access and quality. Still, these authors point out that
the impact on access to the service is higher in telecommunications than in
the other two sectors. This is due to the problems for investing in basic in-
frastructure in water and energy services but also because private firms had
not incentives to expand services through rural areas.

Zhang et al. (2002, 2003) found that the main reasons of the improvement
in the energy sector have been the introduction of competition and the creation

of an independent regulatory agency. They explain that where liberalization



has taken place before privatization and has been accompanied by the creation
of an independent regulator it has increased electricity generation, generating
capacity and has stimulated an efficient use of capital. This result is justified
by Devkar et al. (2013) who sustain that privatization is efficient if it is
accompanied by the creation of an independent regulatory body. Regarding
coverage, although privatization increases access to the service, by itself does
not facilitate the extension of the service to rural areas. Clarke and Wallsten
(2002) found that after privatization 47% of urban households in Africa had
access to electricity, while only 7% of rural households did. This is because
private firms have focused their attention in urban areas, richer than rural
ones.

Privatization has not favoured coverage increases in rural areas, especially
in Sub-Saharan Africa. Still, it is important to note that in some cases priva-
tization has succeeded to increase coverage of electricity in rural areas, mainly
due to external reasons, such as the creation of laws, like in the case of Peru
(Alcazar et al. 2008), financing services through cross-subsidies (Tremolet and
Neale, 2002), or steams from special government or utility’s programs (Clarke
et al., 2005).

In water and sanitation the situation is more complex because of the dif-
ficulty to generate competition in this sector. Moreover, another important
problem to improve access to water services in developing countries is the
high cost and technological difficulties to expand the service. In this sense,
literature focuses on the impact of privatization on market coverage. High
provision costs make entry unattractive to private companies (Devkar et al.,
2013). Moreover, in some cases, privatization has led to price increases be-
cause the pre-privatization prices were often below costs for social or political
reasons (Bakker 2007, Casarin et al. 2007, Maranon 2005). This price increase
has caused the disconnection of poor homes, unable to afford the service. This
situation has facilitated the expansion of private water vendors in poor neigh-
bourhoods (Bakker 2007). On the contrary, Clarke, Kosec and Wallsten (2009)
when analysing the privatization of drinking water in Brazil, Argentina and
Bolivia do not find evidence that privatization has hurt the poorest house-
holds. In general, the access of poorest households to the service increased or
remained constant after privatization. It is remarkable that they found that
performance outcomes in cities operated by private and public operators were

similar.



To sum up, the economic literature has shown that privatization alone can-
not achieve universal access in these services. Taking this into account, in order
to achieve the SDG’s it is important to know what policies can encourage the
expansion of private firms in water and energy sectors to rural areas. Moreover,
some rural areas are so poor that neither private nor public firms are willing to
invest in basic infrastructures to provide these services. As a response to this
situation, in poor rural areas of developing countries it is common the pres-
ence of communal organizations for the provision of basic services, like water
or education. In this context, it would be important to examine how public
policies can improve the performance of communal organizations to ease the
expansion of the service in rural areas and achieve universal access.

Another important issue is to develop programs that improve the access
of the rural population to clean energies. In this sense, it is important to
clarify that rural populations of developing countries have usually very limited
economic resources and as a result they normally combine the use of modern
fuels, like electricity, with pollutants ones for cooking and heating purposes. In
this context, it is essential to analyse how to implement efficient programs to
achieve the substitution of traditional cookstoves by cleaner ones, like improved
or LPG cookstoves. These programs should devote special attention to low
income households because those are the ones that can obtain more benefits
from this substitution, and also because they cannot afford the change to clean
energies.

Finally, it is important to emphasize the importance of water, sanitation
and energy services in the health of the population. In this sense, it is remark-
able the study of Wang (2003), which analyses the effects of different variables
in the mortality rates. As expected, access to clean water and sanitation has
a positive effect on reducing the mortality rate, but a similar effect is found
for the access to electricity. Moreover, he shows that access to electricity is
an important driver for infant mortality and mortality among children under
5 years. In both cases, regardless of analysing the data at national or disag-
gregated level between urban and rural areas, access to electricity reduces the
mortality rates. The author does not explain the reasons for this result, but
it seems that electricity improves the health of household’s members because
it reduces the consumption of pollutant fuels like firewood, due to heating,

cooking or lighting.



3 Regulation and governance of water systems

in developing countries

Access to safe drinking water and energy is essential for improving the quality
of life and the health of people living in rural areas of developing countries.
In 2013 about 5 million deaths were due to diarrhoeal or respiratory problems
worldwide. Moreover, these problems are the main causes of death in children
under 5 years in developing countries. Annually about one million children
under 5 years die from respiratory problems in the world, which is the leading
cause of death in this age group. In the case of diarrhoea, between 1990
and 2013 there has been a reduction of 51% in the mortality caused by this
disease, but it remains a major cause of mortality in developing countries.
More than 600,000 children under 5 years die each year from diarrhoea-related
problems around the world. (Global Burden of Disease Study, 2013 and WHO,
2012). Providing access to piped water and sanitation infrastructures can
dramatically reduce child mortality (WHO 2002; Kosek, Bern, and Guerant
2003). In this regard it is noteworthy the study of Galiani et al. (2005)
where authors find that the privatization of drinking water in Argentina was
accompanied by a significant reduction in infant mortality among children
under 5 years, especially in the poorest households.

Mortality is not only a problem for children affected by diarrhoea. Lit-
erature has shown that there is also a relationship between having suffered
diarrhoea in childhood period and morbidity. Past and frequent episodes of
severe diarrhoea in childhood affect the normal growth of children and their
health conditions (Merrick, 1985; Behrman and Wolfe, 1987; Esrey et al., 1991;
Lavy et al., 1996; Lee, Rosenzweig, and Pitt, 1997; Jalan and Ravallion, 2003).

Access to safe water also reduces the incidence of other related diseases,
apart from diarrhoea. Esrey et al. (1991) analyse 144 articles where the effects
of access to potable water and sanitation services in relation to various diseases
are studied. Their conclusion from this literature is that access to these services
reduces mortality from diarrhoea by 26%, from trachoma by 27% and 29% by
ascariasis, among other diseases.

The conclusions of this literature make evident the need to analyse the
policies that are more efficient to expand the coverage of water and energy
services. One of the aspects that we analyse in this thesis is the effects of the

competition between water utilities and water vendors in developing countries.
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The presence of water vendors, water kiosks and standpipes can improve the
situation of the poor population living in urban areas served by public firms.
But this might reduce the revenues of water firms and as a consequence their
ability to expand the water network to rural areas. An adequate regulation of
the market is therefore essential to improve the social welfare.

The regulation and supervision of water quality and treatments is also
essential for improving health conditions of the population. In this sense, any
water policy in developing countries should be coupled together with policies
aiming at improving the quality of the service. In addition of extending the
infrastructure, it is important to improve the quality of the service to achieve
real improvements in population’s health.

As mentioned before, communal organizations are an important player in
the water sector in rural areas of developing countries. Indeed, communal
organizations that take care of the construction, maintenance and operation
of water systems have a significant presence in rural areas of Latin American,
especially in the Andean countries. Any public strategy for increasing the
accessibility of safe water in rural and remote regions needs to consider the
role of the communal organizations for the sustainability of the system and
for the education of the community members. FANCA (2010) estimated that
there are about 77,000 communal organizations throughout Latin America
serving more than 40 million people. In this thesis we examine which are the
factors that determine the existence of communal water organizations and we

also analyse their governance problems.

4 Substitution of traditional cookstoves

Energy deprivation makes it impossible for a society to improve health (GNESD,
2006). The importance of access to energy is verified by the number of devel-
oping countries that have adopted policies and set targets for increasing the
access to energy services. From 140 developing countries, 68 have set targets
for access to electricity, 17 to modern fuels, and 11 to improved cookstoves
(Bazilian et al., 2012). In the case of electricity, it is important to highlight
the problems arising from the use of polluting fuels as substitutes for modern
fuels. Specifically, 1.26 billion people are still without access to electricity and
more than twice as many people still use biomass for cooking (Bonjour et al.,

2013). It is important to note the use of polluting fuels for cooking. Elias et
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al. (2005) show that 90% of the energy use of poor households in developing
countries is for cooking. Indeed, pollutants emitted by traditional solid fuels
in inefficient cookstoves generate indoor air pollution (IAP), which is a major
factor of premature deaths (Bruce et al., 2000; Lim et al., 2012; and WHO,
2006a).

Inefficient cook stoves pose serious health threats as biomass combustion
inside the household is one of the main factors for indoor air pollution (IAP).
Moreover, there is a positive relationship between TAP and ARI symptoms
(Dey et al., 2011; Ezzati and Kammen 2001). Also, indoor air pollution has
been clearly associated to lung cancer, chronic obstructive pulmonary dis-
ease, and pneumonia. In addition, there is emerging evidence of the link be-
tween indoor smoke and tuberculosis, low birth weight and perinatal mortality,
asthma, cataracts, and cardio vascular diseases (Burki, 2011). This situation
is mainly because smoke contains an array of unpleasant chemicals—carbon
monoxide, methane, nitrous oxides, benzene, sulphur and arsenic (from coal),
and formaldehyde, to name a few. (Burki, 2011). The results of these studies
have highlighted the problem of the use of traditional cook stoves, and have
boosted the urgency in replacing these stoves by more efficient ones, such as
improved or LPG cook stoves."

In recent years, several small projects have been adopted in developing
countries to replace traditional stoves for improved ones (Granderson et al.,
2009). Moreover, several international organizations such as the public-private
partnership Global Alliance for Clean Cookstoves (GACC) are financing pro-
grams to promote the use of clean kitchens. GACC and its partners are working
to establish a global market for cooking solutions in order to increase the adop-
tion of clean cookstoves. Their approach resumes in three points: enhancing
demand for clean stoves and fuels; enhancing the supply of clean stoves and
fuels; and fostering the establishment of a market for clean stoves. GACC has
focused its attention in 8 countries (called focus countries), Bangladesh, China,
Ghana, Guatemala, India, Kenya, Nigeria and Uganda. But it also operates

with partner countries that commit to their principles. At present, there are

6Laboratory studies have shown that LPG stoves emit no pollution in the home and that
ICS reduce the number of pollutants in the home, so these two types of cook stoves are good
responses for improving the health of household’s member (Singh et al 2012). In spite of
this, there are other studies showing that the efficiency of improved stoves reduces over time
and at long term the pollution emitted is the same as traditional stoves (Hanna, Duflo and
Greenstone, 2012).
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43 partners countries in all regions of the World.

The World Bank has also focused its attention on cleaner cookstoves and
launched the Africa Clean Cooking Energy Solution Initiative (ACCES). The
aim here is to promote enterprise-based, large-scale dissemination and adop-
tion of clean cooking solutions in Sub-Saharan Africa (World Bank, 2012).
ACCES seeks to achieve its goal by creating a consultative approach for the
cooking sector. It promotes enterprise-based approaches, promotes strategies
to make clean fuels and technologies accessible and affordable, promotes ef-
ficient biomass stoves up to the final transition to cleaner fuels, integrates
gender considerations and aligns with existing country strategies, programs
and partnerships.

Finally, EnDev is a multi-donor partnership that promotes sustainable ac-
cess to modern energy mainly in rural areas of 24 developing countries. EnDev
focuses in energy use for household applications, energy for cooking, and en-
ergy for small and medium-sized enterprises. The energy services and resources
promoted should be reliable, affordable, socially acceptable and good environ-
mentally. EnDev operates in the cooking sector through easing the dissemi-
nation of improved cookstoves thanks to self-sustaining markets. It promotes
the substitution of traditional stoves for improved ones but also tries to create
a market for these cook stoves: it incentives households to become consumers
of this type of stoves and local entrepreneurships to become suppliers.

In this thesis we will analyse the FISE Program created in Peru to promote
the use of LPG cookstoves. The Peruvian government subsidizes the use of
these cookstoves by giving vouchers to low income households. Moreover,
government offers LPG cookstoves to poor households that do not have one.
This measure contrasts with the initiatives of other countries that subsidize
or regulate the price of LPG, benefitting households that could afford the
service. Subsidizing the purchase of LPG by poor households is more difficult
as it requires identifying correctly the target group and supervise it closely,

but might be a more effective measure.

5 Main hypotheses of the thesis

In developing countries water utilities face competition from water vendors and
standpipes which provide water to the low income or non-covered population.

This situation can alter the investment decisions of the water utilities. In addi-
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tion, the expansion strategy of water firms can be affected by the regulation of
the sector and the structure of the market. In the last 15 years water coverage
has increased in rural areas of developing countries from 71.2% to 84.1%, but
only 1 out of 3 people living in rural areas rely on piped water.

Chapter II of the thesis proposes a theoretical model to study how the
presence of water vendors and the regulation of the market affect the decision
of water utilities to expand their coverage in rural areas. Specifically, we
want to know how the presence of a fringe of competitive vendors that offer
a low-quality service can affect the investment decisions of utilities in rural
areas. On the other hand, we want to analyse how the presence of these
competitors affects the decision of water utilities to release products of different
qualities, such as indoor connections and standpipes. The main hypothesis of
this chapter is that water utilities can adjust the quality of their services to
moderate the effects that water vendors have in their revenues. This situation
might entail a sharp reduction in the quality of standpipes, the low quality
technology. In addition, the presence of competitors might reduce the coverage
of indoor connections.

As mentioned before, the main objective of the water policy should be to
favour the access of all the population to high quality water services. Keeping
this in mind, we consider that a correct design of the water regulation should
take into account how water utilities strategically respond to the presence of
competitors. In this sense, the regulation of prices and the establishment of
universal service obligations for the standpipes can modify the incentives of the
firm to behave strategically. We also examine the implications of establishing
geographically uniform prices for the services.

Finally, this chapter also discusses the results of separating the provision
of indoor connections and standpipes through two independent firms. In this
case, our hypothesis is that this regulation will incentive firms to increase the
quality of their services and will incentive the water utility to expand the
coverage of indoor connections.

Chapter IIT examines the presence of communal water systems in devel-
oping countries. As explained before, an important problem to guarantee the
universal access to water services is the difficulty to expand water networks to
remote and poor villages with high delivery costs and very low-density popu-
lation. In many occasions, the state has failed to provide basic water services

to these areas at minimum quality levels and affordable prices. When this
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happens, citizens might turn to their communities for the self-provision of the
service. The objective of this chapter is to analyse the viability of community
managed organizations to deliver public services in the rural areas of devel-
oping countries. For this objective, we examine the Juntas Administradoras
de Servicios de Saneamiento (JASS), which are communal organizations that
provide water services to a large part of the Peruvian population.

Communal water organizations are very prevalent in Latin American coun-
tries and in Peru, but our hypothesis is that their creation in a particular
community depends on its socio-economic characteristics. We want to exam-
ine if the presence of the JASS is related to the cultural characteristics of the
community such as the concentration of the ethnic group of Quechuas, the
influence of pre-Columbian traditions of communal work, and the language
spoken in the community. On the other hand, we want to analyse if JASS
represent a cost-effective system to organise the provision of water services.
In this sense, our hypothesis is that communal organizations might be able to
provide water services with similar quality characteristics (coverage of indoor
connections, tariffs, water treatments, etc.) than public systems. Indeed, the
JASS might compensate for their lack of financial and technical resources with
the volunteer work of their members, their higher incentives to provide safe
water, and their higher knowledge of the needs of the community.

Finally, this chapter also discusses the governance problems that face com-
munal organizations and analyses different mechanisms that can be adopted
in order to improve their sustainability and accountability.

Chapter IV evaluates the effects of the FISE program introduced in 2012 in
Peru with the objective of substituting traditional cook stoves for LPG ones.
As mentioned before, increasing the proportion of the population using clean
stoves is an essential objective to achieve the 7th goal of the SDG. In this
chapter we want to test if the FISE program has been successful in target-
ing the low income households as beneficiaries, we want also to examine its
consequences in the cooking habits of the population. Cooking is one of the
most fuel consuming activities in rural areas, and it is important to imple-
ment policies that effectively increase the use of clean stoves. On the other
hand, we want to examine which have been the effects of the FISE program
in the health of the beneficiaries’ households. As explained, cooking is one of
the main factors for indoor contamination and the substitution of traditional

stoves for LPG stoves can moderate health problems of household members.
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On the other hand, LPG stoves can also be used to boil the water, and this
can reduce the prevalence of water-related diseases.

One regulation that has recently been introduced in some countries consists
in subsidizing the price of LPG cylinders, but the effectiveness of this measure
has been questioned because it usually benefits high income households that
can increase their consumption of this energy at a lower price. In the case
of the FISE program, the objective of the Peruvian government has been to
directly subsidize low income households that usually have a low consumption
of energy. In this regard, FISE program grants them discount vouchers to buy
LPG cylinders. Taking this into account, we want to test if this policy has been
efficient in order to increase the use of LPG fuel by low income households.

A different question is the impact of the program in the health of the
population. Although the program can be efficient in increasing the use of
LPG stoves for cooking, this will not necessarily improve the health conditions
of the household members. In this sense, it is important to note that the use of
LPG cookstoves could be complemented with the use of pollutant solid fuels
for cooking or heating purposes. We believe that if families continue using
pollutant fuels inside their home the health benefits of the program can be
reduced significantly, and this intervention would need to be complemented

with other measures.

6 Thesis structure

The thesis consists of three different essays analysing the hypotheses men-
tioned previously. The main objective is to analyse how different policies and
approaches can help governments in developing countries to ease the access
to water and energy services in rural areas, to improve the quality of water
services, and to substitute polluting traditional stoves for LPG stoves.
Chapter II presents a theoretical model to analyse the investment decision
of a water utility facing competition from water vendors. Chapter III describes
the presence of communal organizations in Peru, and empirically analyses the
factors that explain their creation in rural areas and their performance regard-
ing public water systems. Chapter IV analyses empirically the results of the
FISE program in Peru, which was implemented in 2012 to substitute tradi-
tional stoves for LPG ones. Specifically, we evaluate its effects in changing the

cooking habits of the population and its impact in different health measures.
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Finally, Chapter V highlights the main contributions of the thesis.

6.1 The regulation of water provision in developing coun-

tries

The objective of Chapter II is to analyse the optimal product line of a regulated
water utility facing competition from water vendors and supplying piped water
through two types of technologies, indoor connections and standpipes, in urban
and rural areas. We use a theoretical model to analyse how different policies
can influence the decision of a water utility to expand coverage in rural areas,
and to understand how these policies can affect the quality of the service offered
by the firm in both areas.

Scarcity of resources makes it very difficult to match the investment and
maintenance of urban water systems with the expansion of piped water to rural
areas. In developing countries, the proportion of population without access
to piped water varies significantly. In Sub-Saharan Africa, the unconnected
urban population can be around 80% in Central African Republic, Democratic
Republic of the Congo, Guinea-Bissau, Liberia, Madagascar, Nigeria, Rwanda,
Sierra Leone and Togo. In Latin America, the unconnected rural population
is as high as 40% in some countries like Bolivia, Cuba, Dominican Republic,
El Salvador, Nicaragua or Paraguay. Unconnected population usually obtains
water from alternative sources that have less quality, such as standpipes, kiosks
and water trucks, or through "informal" sources like resellers of piped water,
mobile water vendors and small scale independent providers. According to
Keener et al. (2010), informal water market can account for as much as one
third of overall coverage in some African cities. In many occasions, water
resellers are neither prohibited nor legalized. For various reasons, water firms
and governments simply don’t control their practice.

In the eighties and nineties, the discontent about the quality of basic ser-
vices and the fiscal difficulties led the Governments of many developing coun-
tries to privatize their utilities and to liberalize the markets (Van de Walle,
1989; Chong et al. 2004). As we have explained before, several empirical stud-
ies have analysed the effects of the reforms in the coverage and the quality
of piped water and its impact in the health of the population. In spite of
this, little attention has been devoted to analyse the effects that alternative

provision technologies and management systems can make on the population.
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Usually water firms expand standpipes and piped networks simultaneously in
order to cover the cost of the required investments. But, for example, water
authorities could expand standpipes at the expense of household’s connections
to increase coverage more quickly at lower cost. This measure implies to move
the focus of the universalization policies from the individual households to the
communities. Mara and Alabaster (2008) suggest the use of standpipes and
yard-tap cooperatives served by community managed sanitation blocks and,
for non-poor households, in-house multiple-tap cooperatives served by condo-
mial sanitation. It is expected that these technology mix can imply significant
cost savings because they require less piped length for the public distribution
network.

One of the few papers that has analysed the effect of water management on
the quality and the coverage of the service in developing countries is Laffont
and N’Gbo (2000). The authors show that in the presence of corruption it
might be adequate to cross-subsidize the expansion of the service to the poor
areas with the revenues obtained from the richer ones in order to avoid using
public funds. In this context, geographical uniform prices reduce coverage,
since they eliminate the possibility of setting higher prices in the rich areas to
finance cross-subsidies. In a different paper, Laffont et al. (2004) show how
a uniform price affects the coverage of the service when there is asymmetric
information between regulators and the regulated firms.

In this chapter, the strategy of a regulated water utility that faces the
competition of a fringe of competitive vendors is analysed. To do so we use
a theoretical model to analyse different policies a regulator can impose to
improve social welfare. First, we examine the case were the firm is not forced
to serve all the country. Next the analysis focuses on the effects of universal
service obligations on the investment decision of the firm. In this case it is
considered that the regulator forces the water firm to cover all the country
with standpipes while the water firm can decide the coverage of piped water.
One important assumption of this model is that the prices of the firm are
regulated.

The last part of the essay examines the case where the provision of stand-
pipes is delegated to an alternative provider. Moreover it is also analysed
how an imposition of a geographical uniform price for standpipes affects the
coverage of piped water.

One of the most interesting results of this chapter is that in the presence
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of competitors the water utility offers standpipes (low quality technology) in
addition to piped water, and that this strategy increases consumers’ surplus.
Standpipes increase the revenues of the firm and contribute to finance the ex-
pansion of the network. In spite of this, when the quality of the product offered
by the competitors is too low the utility might choose not to offer standpipes
to obtain more revenues from piped water subscribers. This situation favours
the expansion of the network, but excludes the low type consumers from the
service.

When the regulator forces the water firm to provide standpipes in all the
country, consumers living in rural areas are better off, but this reduces the
number of piped water subscribers in the urban region. This is because this
regulation reduces the profitability of offering the two technologies in some
rural villages in comparison with the profits that can be obtained by offering
only standpipes. As a result, the utility reduces its coverage.

Finally, the case where the provision of standpipes is delegated to an al-
ternative provider is analysed. The existence of the competitor affects the
coverage of the water utility but increases the access to the service by low type
consumers. It is shown that the imposition of a geographical uniform price for
standpipes could reduce or increase the coverage of the water firm depending
on the costs of increasing coverage. When the costs of increasing coverage are
low enough, a uniform price for standpipes incentives the water firm to reduce
coverage to reduce the competition with standpipes. On the other hand, when
costs are high, a uniform price for standpipes incentives the water utility to
increase coverage because this strategy reduces competition of standpipes in

those villages served with indoor connections.

6.2 Community managed water systems: the case of

Peru

Chapter III analyses the factors that determine the presence of communal
water systems in the rural areas of Peru, and it compares the performance of
these organizations regarding public water systems.

Access to water services is not homogeneous across regions. In rural areas
worldwide the rate of access to water is 82.5% but only 66.3% to piped water.
In the specific case of Peru, in 2012 only 71.6% of the rural population had ac-

cess to water and just 62.8% of the rural population had access to piped water.
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Some of the problems that make difficult the expansion of piped water services
to rural and remote areas are the poverty of the population and the governance
problems of local governments. Several policies have been adopted to remedy
this situation, including privatization, the liberalization of the market and the
use of intermediate solutions such as public-private partnerships, and as we
explain later, a number of academic papers have analysed the impact of such
policies.

An aspect that has been overlooked in the literature is that in many rural
and remote areas, public and private water systems are unsustainable because
local governments do not have the financial resources to maintain them and
consumers are unable to pay the full cost of the service. Moreover, local
communities often oppose to privatization. In these situations, communal
provision has emerged as an alternative to provide water services to population
groups that would otherwise be unattended.

Communal water organizations are civil associations of users who run the
service and often are also responsible for constructing and maintaining the
water infrastructures. Usually these organizations work independently of the
state, although in recent decades governments in several Latin America coun-
tries have regulated them and offered them training and technical support.
The importance of the local communities in guaranteeing the sustainability
of the water system has been recognized by governments and international
organizations alike, and most public plans elaborated in the last years have
directly involved the local communities. Quite surprisingly, though, very little
is known about the performance of these organizations.

A few papers have studied how to design effective projects for water supply,
concluding that demand-responsiveness, community participation and social
capital are key to the success of the projects. However, much less attention
has been devoted to analysing the factors that favour the creation of communal
organizations and their overall performance. Taking this into account, in this
chapter we analyse communal water organizations in Peru, which are called
Juntas Administrativas de Servicios de Agua y Saneamiento (JASS).

In recent years, several public programs in Peru have financed the construc-
tion and rehabilitation of water infrastructures in rural units, and the resulting
systems are usually managed by the JASS. Most of the JASS, however, face
major difficulties: they lack protocols that guarantee the quality of their ser-

vices, some of them do not have sufficient resources or technical training to
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treat the water properly; they lack well established subsidization schemes, and
many of their members are unable to pay the water fees. These challenges
have led some communities in Peru to create alternative organizations that
escape government regulation, and which are managed on private principles.
Still, the JASS remain as the main communal water organizations in Peru.

In this chapter we examine communal organizations in Latin America and
Peru, with the objective of understanding what are their main characteris-
tics and governance problems. In order to analyse these organizations we use
data from the ENDES Survey.” This is a detailed survey at the household
level elaborated by the Peruvian Statistical Institute. We use the informa-
tion about water providers, characteristics of the service, variables explaining
living conditions, health and socio-demographic characteristics of households
between 2006 and 2010. The number of observations is over 50,000. Using this
data we estimate an empirical model to analyse the main determinants of the
presence of communal organizations providing water. It is shown that one key
determinant is the location of a household. Rural households have more pos-
sibilities of being provided by a communal organization. Also, the historical
roots of communities affect their probability of being served by a communal
organization. The longer a municipality was influenced by the Inca Empire,
the higher the probability of being served by a communal organization. Finally
it is shown that the more homogeneous is the municipality, the higher is the
probability of being served by a communal organization.

Moreover, results show that households served by JASS pay lower monthly
bills than those served by public firms. The main reasons are that users have
lower income but also because they work as volunteers in the construction,
operation and maintenance of the systems. It is important to note that lower
fees increase access to the service. Another important result is that access
to piped water, inside or outside home, is less common for households served
by JASS. This is mainly due to the lack of financial resources of JASS. This
result explains that JASS users tend to spend more time to collect water. Not
surprisingly as some JASS users do not have a connection inside or outside
home, as said before. Finally, an important remark is that JASS systems tend

to operate without interruptions in comparison with public firms.

"Encuesta Demografica y de Salud Familiar.
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6.3 LPG Cook stoves in Peru: Evaluation of the FISE

Program

Chapter IV analyses the FISE program in Peru. Among other objectives, FISE
is promoting the use of LPG cookstoves by low income households. The main
objective here is to evaluate if the program has been successful in increasing the
use of LPG cookstoves among the target population. Moreover, it is analysed
if the program has improved the health of the household’s beneficiaries.

As explained before, a major health problem in developing countries is that
pollutants emitted by traditional solid fuels in inefficient stoves generate indoor
air pollution (IAP), which is a major factor of premature deaths (Bruce et
al.,2000; Lim et al., 2012; and WHO, 2006a). According to WHO (2005), 19%
of mortality in infants under 5 years is caused by acute respiratory infections
(ARI), which is the second cause of infant mortality worldwide. In Peru,
around 6.4 million people do not use modern and clean energy sources to
cook. More than 50% of the households in rural areas usually use kerosene,
wood or charcoal for cooking. As a consequence, lower respiratory infections
are the leading cause of morbidity and mortality in children under 5 years:
2,355 children under age 5 die every year because of these infections, which
represents 15.52% of total mortality in children (Global Burden of Disease,
2010).

In Peru, in 2012 the Government created the “Fondo de Inclusién Social
Energético (FISE), which aims to promote access to clean energy to the most
vulnerable population and reduce energy inequality in the country. One of the
main instruments used by FISE consists of the free delivery of LPG cook stoves
as well as discount vouchers for buying LPG cylinders. Vouchers substantially
reduce the price of LPG and each family can receive at most one voucher
monthly. To gain access to these benefits families have to consume less than
30 Kwh of electricity per month and their annual income should be lower than
18,000 nuevos soles.

In order to examine the FISE program we use a database created in 2015
by OSINERGMIN (the Peruvian regulator of the energy sector). This data-
base is mainly based on a survey that was conducted in several municipalities
in the Province of Ayacucho. The households interviewed were chosen after
stratifying the population taking into account their socio-economic character-

istics. The objective was to create a balanced sample where the characteristics
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of control (households not participating in the FISE program) and treatment
(households beneficiaries of the program) are the most similar possible. We
apply matching techniques to evaluate the results of the program.

In this chapter, we analyse the effects of the FISE program by comparing
several outcome measurements in a group of households’ beneficiaries of the
program and another group that because of its similar characteristics could
have participated in the program but that actually did not. Specifically, the
outcomes considered in the empirical model are: the weekly number of meals
cooked with LPG stoves; the respiratory problems of the population; the use of
kitchens to boil water and children’s school attendance. For this objective, we
use the information of both users and non-users of LPG cook stoves to estimate
a logit model that considers the connection status of households as dependant
variable. Then results of this model are used to predict the probability of
households to participate in the program. Afterwards, these probabilities are
used to identify counterfactual households using different matching algorithms.
First, the households in the district that do not participate in the program are
stratified into those which are likely to benefit from the program and those
which are not. The former are the hypothetically beneficiaries and they are
compared to the actual beneficiaries in Ayacucho. In addition, two classical
matching methodologies (nearest neighbour and Kernel) are used to further
verify the results.

The analysis shows that households with higher incomes are the ones that
use clean energy regularly. Specifically, in the richest quartile of the population,
28% of households use clean fuel for heating, while in the poorest quartile
the figure drops to 7.5%. On the other hand, we find that as family income
increases, the use of fuel wood stoves decreases and the use of LPG stoves
increases. Moreover, family incomes also determine the ratio of meals that
are cooked with LPG stoves weekly. Among the population with LPG stoves,
while the highest income quartile cooks about 75% of the weekly meals with
LPG stoves, in the lower one, this ratio drops to 56%. This result shows that
poor households combine the use of LPG stoves with traditional stoves, which
generate more pollution. This situation justifies the government intervention
to subsidize the use of cleaner energies.

The evaluation of the FISE program shows that it has promoted an increase
in the use of LPG as cooking fuel. Also, this increase is more important in

the lower strata of the population. In spite of that, the program is failing
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to completely replace traditional stoves for LPG ones. Our analysis does not
find a direct link between the reception of the voucher and a reduction of
cough or breathing problems in beneficiary households. Moreover, the voucher
reception does not seem to reduce the number of days that children miss school
due to respiratory problems. A possible explanation for this result is that the
households’ beneficiaries of the program still use firewood both for cooking
some of their meals and for heating. Finally, an interesting result of the chapter
is that voucher reception enables the replacement of traditional or improved
stoves by LPG stoves for boiling water. One possible explanation for this is that
LPG stoves require less time to boil water, and this makes more convenient for
households to boil water, which in turn reduces the prevalence of water-related
diseases. Indeed, our analysis shows that children in beneficiary households
miss fewer schooling days due to diarrhoeal problems. However, most of the
findings of this paper should be treated with caution due to the small sample

size.
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Chapter II: The regulation of water provision
in developing countries: coverage, quality and
prices!

1 Introduction

The relevance of water for human development and for the eradication of
poverty was highlighted in the United Nation’s Millennium Declaration of 2000
and since then important efforts have been made in many developing countries
to increase the access to water services. The main problem is the lack of access
to piped water to poor households living in the slum areas of cities and in rural
regions. However the scarcity of resources makes it very difficult to combine
the maintenance of urban water and sanitation systems with the expansion of
piped water to rural areas. This chapter analyses different regulatory inter-
ventions that can help to increase the access to water services and the quality
of the service when water utilities face the competition of water resellers.

In developing countries, the proportion of population without access to
piped water varies significantly. In Sub-Saharan Africa, the unconnected ur-
ban population can be around 80% in Central African Republic, Democratic
Republic of the Congo, Guinea-Bissau, Liberia, Madagascar, Nigeria, Rwanda,
Sierra Leone, Togo, or less than 20% in Botswana or South Africa. In Latin
America, the unconnected urban population is lower than 10% in most coun-
tries, although the percentage can be higher than 40% in the rural popula-
tion of some countries like Bolivia, Cuba, Dominican Republic, El Salvador,
Nicaragua, Paraguay. Unconnected population usually obtain the water from
alternative sources that have less quality, such as standpipes, kiosks and wa-
ter trucks, or through "informal" sources like resellers of piped water, mobile
vendors and small scale independent providers. According to Keener et al.
(2010), informal water market can account for as much as one third of overall
coverage in some African cities, and for more than this among the unconnected
urban population of cities with high up-front cost to connect to the network.
In many occasions, water resellers are neither prohibited nor legalized: for
various reasons utilities and governments simply don’t control their practice.

In the eighties and nineties, the discontent about the quality of basic ser-

1JoAN CALZADA AND ALEX SANZ

25



vices and the fiscal difficulties led the Governments of many developing coun-
tries to privatize their utilities and to liberalize the markets (Van de Walle,
1989; Chong et al. 2004). These reforms were favoured by the technologi-
cal change and by the pressures of some international institutions interested
in increasing the efficiency of markets (Bierstekker 1990, Ramamurti 1992,
Bayliss 2002, Brune et al. 2004). In the water and sanitation services these
changes were less important than in other services such as telecommunications
or electricity due to the difficulties of creating competition. Several empirical
studies have analysed the effects of the reforms in the coverage and the quality
of piped water and its impact in the health of the population (Mckenzie and
Mookherjee, 2003; Galiani et al., 2005; Wallsten and Kosec, 2008; Gassner,
Popov and Pushak, 2008; Galiani et al., 2009; Clarke, Kosec, Wallsten, 2009;
Calzada and Iranzo, 2013).

In regard of the welfare effects of privatization over agents, one paper that
has analysed these effects is Estache and Grifell-Tatjé (2013). Authors analyse
how the welfare generated by the water privatization in Mali was distributed
among agents involved. Agents who benefited the most were labor and suppli-
ers of water production and treatments due to an increase in wages and input
prices. For labor, two reasons explain this. First, a costly wage structure in-
herited from the public company. Second, the wages of a minority of workers
(specialized technicians from abroad), the board and the CEO.? In the case
of water production the agent most benefited was the electricity firm due to
power consumption,® also suppliers of water treatment materials benefited.*
Consumers had also benefited but in a lower extent due to a reduction in real
prices.” The more benefited had been residential consumers and the least ones
were the public fountain consumers. Finally, as the firm had been incurring in
loses,% the government had to subsidize the firm. This suggests that taxpayers
lost with the privatization. Also, it is remarkable that water supply rose 43%
and the firm reduced water losses from 40% to 30%.

2The share of labor gains obtained by managers and expatriates equate to a 50% of total
labor gains (Gomez-Ibanez, 2005)

3Electricity was also supplied by the firm itself and charged at one of the highest rate
per kwh in West Africa.

4When materials were imported, suppliers were related to the French owner of the firm.

SReal prices decreased in the period, a 3% for residential subscribers, 5% for public
fountains and 2% for industrial and high consumers.

6The firm operated in Bamako and in Outside Centers (secondary towns and cities).
While in Bamako operation generated profits, in Outside Centers operation generated losses
all over the period.
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In spite of this, little attention has been devoted to analyse the effects
that alternative provision technologies and management of water networks
can make on the population. Thus, for example, water authorities could ex-
pand standpipes at the expense of households connections to increase coverage
more quickly at lower cost.” This measure implies to move the focus of the
universalization policies from the individual households to the communities.
Mara and Alabaster (2008) suggest the use of standpipes and yard-tap coop-
eratives served by community managed sanitation blocks and, for non-poor
households, in-house multiple-tap cooperatives served by condomial sewage.
These systems imply significant cost savings because they require less piped
length for the public distribution network.

One of the few papers that has analysed the effect of water management on
the quality and the coverage of the service in developing countries is Laffont
and N’Gbo (2000). The authors show that in the presence of corruption it
might be adequate to cross-subsidize the expansion of the service to the poor
areas with the revenues obtained from the richer ones in order to avoid using
public funds. In this context, geographical uniform prices reduce coverage,
since they eliminate the possibility of setting higher prices in the richer areas
to finance cross-subsidies. In a different paper, Laffont et al. (2004) show how
a uniform price affects the coverage of the service when there is asymmetric
information between the regulators and the regulated firms.

Following Laffont’s theories, Estache and Wren-Lewis (2009, 2010) analyse
the key problems that face regulation of network industries in developing coun-
tries. Among other problems, authors show that limited fiscal efficiency of
developing countries joint with the limited ability of consumers to pay for ser-
vices limited the expansion of state-owned firms. Limited fiscal efficiency not
only reduces the expansion of the service but also can cause a trade-off between
affordability and access to the service. Price restrictions increase affordabil-
ity but decrease access. To solve this problem authors recommend the use of
cross-subsidies when the marginal cost of public funds is high. In this situation
access and affordability are financed through higher prices from richer areas or
consumers. On the other hand, when the marginal cost of public funds is low,
subsidies are the optimal solution to increase both access and affordability.

In addition, problems of limited commitment affect negatively the expansion

"Usually utilities expand standpipes and piped networks simultaneously in order to cover
the cost of the required investments.
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of the service in the long term. Moreover, when governments can not make
commitment, the firm has incentives to underinvest (Estache and Wren-Lewis,
2009).

Our chapter contributes to this theoretical literature by analysing the strat-
egy of a regulated utility when it can use different technologies to provide water
and faces the competition of water resellers. First, we analyse the strategy of a
regulated utility that faces the competition of a fringe of competitive vendors.
We show that in the presence of competitors the utility offers standpipes (low
quality technologies) in addition to piped water and that this policy increases
consumers’ surplus. Standpipes increase the revenues of the utility and con-
tribute to finance the expansion of the network. In spite of this, when resellers
offer a low quality product, the utility might prefer to eliminate standpipes to
obtain more piped water subscribers.® This situation favours the expansion of
the network, but excludes the low type consumers from the service.

We also consider the case where the water utility is forced to cover all the
country with standpipes and decides the coverage of piped water. We show
that this regulation increases the consumers’ surplus of the population living
in the rural areas, but reduces the number of piped water subscribers in the
rural region.

The last part of the chapter examines the case where the provision of stand-
pipes is delegated to an alternative provider. We show that the existence of
the competitor affects the coverage of the utility but increases the access to
the service by low type consumers. We also show that the imposition of a
geographical uniform price for standpipes reduces the coverage of the water
utility.

Our work is related to the theoretical literature that analyses the impact
of the economic regulation in the enhancement of public services in rural and
remote areas (Anton et al. 1998, Armstrong 2001,Calzada 2009, Chone et
al. 2000, Mirabel et al. 2009, Sorana 2000, Valletti et al. 2002, Estache and
Wren-Lewis (2009, 2010)). However, our model is more related with the litera-
ture that examines the incentives of a firm to commercialise a service through
different channels. Mussa and Rosen (1978) and Moorthy (1984) proved that

a monopoly can be interested in offering more than one version of a prod-

8Estache and Wren-Lewis (2010) also recommend the diversification of quality as a
method to increase affordability. Also, authors show that when regulators have limited
capacity, the firm has incentives to reduce quality if it is less likely observed by the regula-
tor.
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uct through different channels if the revenues collected for the extra versions
are higher than the loss of income due to the cannibalization of the original
product. Stokey (1979) and Salant (1989) proved that the commercialisation
of more than one version is optimum only when the marginal cost function
of improving quality is convex enough. Recently, some papers have analysed
the optimality of using several commercialisation channels when the firm faces
competition (Anandalingam et al., 2003; Valletti and Szymanski, 2006; and
Calzada and Ordonez, 2013). Nevertheless, these papers don’t consider the
case where there are increasing costs of expanding the networks or where the
retail prices are regulated.

The empirical literature has also studied which is the best market structure
to provide the water service in developing countries. There is a recent debate
in the literature and in some international institutions on whether investment
in water infrastructures should focus on providing safe "shared" drinking wa-
ter sources, or whether individual access should be prioritized. Devoto et al.
(2012) show that many households are willing to pay a substantial amount of
money to have a private tap at home. Taking this into account, facilitating
access to credit for households to finance lump sum quality-of-life investments
can significantly increase welfare, even if those investments do not result in
direct income or health gains. Other papers have analysed the effects of wa-
ter robberies in the profitability of water utilities. Wu et al. (2008) analyse
the privatization of the public firm offering water in the metropolitan area of
Manila in 1997. The division of the firm in two similar private firms, Maynilad
Company (joint venture between Suez and Benpres) and Manila Water Com-
pany (joint venture between Ayala, United Utilities and Bechtel) allows the
authors to examine the success of MWC in universalizing the service and the
failure of Maynilad.”

Our chapter continues as follows: Section 2 introduces the basic model.
Section 3 presents the case when the water utility provides piped water and
standpipes to the same region. Section 4 considers the case where the utility is

forced to supply standpipes in all the country and determines the coverage of

9Maynilad decided to operate in Manila in a similar way as Suez operates in developed
countries and was less attentive in universalizing the service. In the poor areas it installed
meters near houses and distant from the central meter, facilitating the theft of the service.
As a result, water losses increased significantly. On the contrary, MWC installed meters
remote from houses and near from the central meter. This strategy reduced the theft of
water from 58% to 35%.
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piped water. Section 5 analyses the coverage decision of the utility when the
management of standpipes is delegated to another operator. Finally, Section

6 concludes.

2 The model

A water utility can use two technologies to distribute water: it can offer high
quality water through indoor connections, H, and low quality water through
standpipes, L. We consider that the quality of H is u and that the quality
of L is w. Consumers can also buy the water through water resellers, R,
which offer an intermediate quality r € [w, u]. In developing countries resellers
usually provide a service preferred by consumers over standpipes, though this
depends on relative pricing. They are present in cities where the distance
between standpipes is too large or the usage too high. Resellers can also be
households of the neighborhood that offer more convenient hours of operation,
better water pressure or more flexible payment mechanisms that either public
standpipes or water utilities (Keener et al. 2010). For simplicity, in what

follows we consider that resellers are price takers and that satisfy p;, < pr <

10
PH-

The utility serves a country where all villages have the same population
and where consumers’ marginal valuation of quality is #, which is uniformly
distributed in the interval [0, 1]. Taking this into account, the net utility of a
consumer that buys service i € {H, R, L} is 0i — p;, where p; is the price of
the service. Finally, we consider that consumers living in areas not covered by
any provider, or that can’t afford the service, can still seek their own water
sources by harvesting rainwater, drilling shallow wells and collecting surface
water. We don’t model these alternative sources and simply consider that they

obtain a net utility equal to zero:

Ou — ppy, if he buys H from the utility;
. Or — pr, if he buys R from a water reseller;
Consumer’s net utility = ' -
Ow — pr, if he buys L from the utility;

0, if he uses an alternative water source.

The segmentation of consumers changes according to the services offered by

the utility. When the utility only commercialises H the consumer indifferent

10We have also analysed a model where resellers offer the low quality service, obtaining
similar conclusions. Results can be obtained from the authors upon request.
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between H and R is g, and the consumer indifferent between R and not
buying any service is rg. On the other hand, when the utility offers both
H and L the consumer indifferent between H and R is 0yg, the indifferent
between R and L is 0z, and the indifferent between L and not buying any
service is 0p.

For late reference, we also define consumers’ surplus in each village for the
case in which the utility oﬂ§rs both H and L and when it only offers H.

1 HR
CSygRr = /(911—11H)d9+ /(QT—pR)dS;
Consumer’s surplus = OmR 00
1 OuR 6RL
CSHRL = / (6w — ppr)dé + /‘(erfpmd9+ /(9w—pL)de_
9HRL ORL 9L0

The profits of the utility aepend on the services commercialised, the number
of consumers that buy each service and the coverage of its network. We assume
that villages are uniformly distributed in the segment [0, v], where v represents
the size of the country. For simplicity, we assume that v = 1. Villages are
ordered according to the cost of providing the service and we assume that
the cost of reaching village v is d%. On the other hand, to make the model
simple, we assume that the cost of distributing the water is zero for all water
sources. Hence, the only costs considered by the utility are those of expanding

its network. The profit of the utility is:

) .
- cin = ru(— oo —av2, When it only offers u.
Utility’s profits = RS 2 Y
rrrL = PO - 0 +en0rn — oo —ats, When it offers » , » and > w.

(1)

3 Versioning without universal access

This section studies the commercial strategy of the utility when it competes
with a group of resellers. The utility might offer only H or it might offer
both H and L to better fight resellers and obtain additional consumers. As
a benchmark, next we examine the commercial strategy of the utility when it
does not have any coverage restriction and the prices are unregulated.
Consider the following timing of the game: First, the utility decides if it
commercialises H or both H and L. Second, the utility sets the prices of the

services and its coverage level. And third, consumers make their choices and
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decide which water source to use.

Proposition 1 The commercial strateqy of an unrequlated water utility
when 1 € [w,u] is:

1) When w < r <ry and ro < r < 1 it offers both H and L, and only these
services are active.

2) When ry < r < ry it offers both H and L, and H, L and R are active.

Proof: See the Appendizx.

The proposition shows that in the presence of resellers the utility always
offers L in order to fight R and to protect its profits. Three cases can occur.
When r € [w, r1] the utility offered by R is so low that nobody buys it (Region
A in Figure 1). When r € [ry,rs] the prices set by the utility make some
consumers buy R (Region B). In this situation, there is a complete segmenta-
tion of consumers: low type consumers use standpipes, intermediate consumers
use water resellers and high type consumers use piped water. Finally, when
r € [rg,u] the prices of H are so low that nobody buys R (Region C). The
utility prefers to reduce the price of H if this can be compensated with a higher
price of L.We also observe from Figure 1 that with these prices the number of

consumers that access the service decreases because the price of L increases.
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Figure 1. Consumer segmentation with unregulated
utility.
(u=1,w=0.5 pr= 0.05)

It is important to highlight that in the three cases described above the
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presence of resellers allows low type consumers to access the service. First,
some intermediate consumers buy from the resellers. And second the utility
releases standpipes at a low price, which allow some additional consumers to
access the service. By contrast, when the unregulated utility doesn’t have any
competitor it doesn’t supply L and only high type consumers can subscribe to
piped water in the served villages.!!

To sum up, the presence of resellers modifies the commercial strategy of the
utility. The utility offers standpipes to maintain part of its revenues and as a
result it increases the affordability of the service. In spite of this effect, resellers
reduce the profitability of the utility and as a consequence there is a reduction
in the coverage. As shown in the proof of Proposition 1, the optimal coverage

of the utility for r € (r1,75) and for r < r; and r > ry are, respectively:

u—r+prl2+pr(z= + 7))

VHRL = 1d L G < VHo; (2)

Apr(r — pr)u+ ((r — 2pr)? — 2ru + u*)w
4d(r? — 2rw + uw)

VHL < VHo, (2)

Calling vy the coverage of the utility when it only offers H and there are
not resellers, it can be seen that the presence of the competitors reduces the
coverage of the utility.

Imagine now that the prices of H and L are regulated, but that the man-
agers of the utility still decide the versioning strategy and the coverage. The
timing of the new game is as follows. First, the utility decides which services
to commercialise. Second, it sets its coverage. Third, the regulator establishes
pu and pr. And finally, consumers decide which service to buy.

Proposition 2 The versioning strateqy of a requlated water utility is: 2
1) When w < r < Ty the utility only releases H, and H and R are active.
2) When 71 < r < Ty the utility releases both H and L, and only these

services are active.

' This result has some resemblances to the versioning model of Valletti and Szymanski
(2006), who show that a pharmaceutical laboratory is interested in releasing a fighting
version when it faces the competition of a generic product. In their model, the fighting
version cannibalizes the high quality product, but this is compensated by the additional
revenues obtained from the fighting service. In our model, the fighting version reduces the
market share of resellers but doesn’t affect the high quality product.

2For py < pr+u—r and % < pr < PEZ the versioning strategy could be slightly

different. See the appendix.
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3) When T < r < T3 the utility releases both H and L, and H,L and R
are active.

4) When T3 < r < u the utility only releases L and only L and R are
active.

Proof: See the Appendizx.

When the regulator regulates the prices, the utility releases one or two
services depending on the quality offered by resellers. When 73 < r < u the
quality of the resellers is very high and the utility only finds profitable to offer
L at the regulated prices (Region D in Figure 2). When 75 < r < T3 the
utility releases both H and L and some consumers buy R because its relative
price is not too high (Region C). When 7; < r < Ty the utility offers the two
services but now the consumer’s utility from buying R is so low that nobody
buys it at the regulated prices (Region B). In this interval, if the utility only
offers H some consumers buy R because it is cheaper. If it offers both H and
L it obtains less revenues from H but this is more than compensated with L.
Moreover, nobody buys R. Finally, when w < r < 7; the utility only offers H
because the release of L would generate less revenues than those that are lost
with the cannibalization of H (Region A). An alternative interpretation of this
case would be to assume that the utility degrades the quality of standpipes in
order to increase its profits.

The main result from this proposition is that price regulation changes the
versioning strategy of the utility and the segmentation of consumers. In region
A the utility eliminates L in order to increase the number of subscribers to
H. But this situation has the paradoxical effect of reducing the number of low
type consumers that are able to access the service. This result does not occur
for r > 7 because in this case the utility always releases L to fight against R.
Indeed, in this case, the relevant consumer is not 0 but 6, which is smaller.
Also note that % < 0, which implies that an increase of the regulated price
reduces the likelihood that the utility only offers H. This result is relevant
for the regulatory policy in the sector because it shows that, when the quality
of R is close to the quality of L, a reduction of py can incentive the utility to
degrade the quality of standpipes or to eliminate them in order to obtain more

profits.
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Figure 2. Consumers’ segmentation with price
regulation.
(u=1,w=0.5 p=20.1,pyg= 0.2, p=0.02)

The versioning strategy of the regulated utility also determines its coverage
level. The next result shows the coverage levels for the intervals defined above.

Corollary 1 The coverage offered by a requlated water utility is:
pH(r—u—prtpH).

1) When w <r <7, and the coverage is vgr = B v e
2) When 71 < r < Tq the coverage is vy = pL(Zpr*pjg:ﬁ;{ww(pHﬂ*w);
3) When Ty < r < T3 the coverage is: vVgpy = é(pH(pR:fi_Hu)+pL(5T;ffw));

4) When T3 < r < wu the utility only exist if it offers L.
Proof: See the Appendizx.

Figure 3 shows the coverage, aggregated consumers’ surplus, and the profits
of the utility as a function of r when the prices of the utility are regulated.
It is shown that the coverage is higher for » < 7, than for 71 < r < 7o,
because for low values of r the utility doesn’t realease L and it has more
consumers that subscribe to H and pay a high price. As a consequence, the
utility serves a larger number of villages. For r < 7; the aggregate consumers’
surplus decreases with r because the increase of subscribers that use H or R
in the marginal villages doesn’t compensate the reduction of consumers that
can access to the service in the covered villages. On the other hand, for r > 7,

coverage and consumers’ surplus also decrease with r. In this region, the
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number of subscribers that use R increases with r and as a consequence there
are less and less consumers that buy H or L from the utility. In spite of this,
the reduction of coverage of the utility is so important that compensates the

increase in the consumers’ surplus that obtain the users of the reseller.
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Figure 3. Equilibrium results for a regulated utility.
(u=1,w=0.5 p=20.1,py= 0.2, p=0.02)

4 Versioning with universal access

The previous section has analysed the case of an utility that installs in each
village piped water and standpipes. However, in developing countries utili-
ties usually restrict the provision of piped water to urban areas and provide
standpipes or yard taps in a larger number of villages. In order to analyse the
implications of this situation, we next examine the case where the utility is
forced to supply L in all the country and can decide over the coverage of H.
Moreover, we allow the utility to set different prices for L in the villages cov-
ered by the two services (urban area) and in the villages covered only with L
(rural area). Specifically, the profit function of the utility can now be written

as follows:
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™ = (1~ 0r) + 1O — 0o+ P~ 0] —v) —d (3

where the indifferent consumers are the same than in the previous section,
but now QIL]O is the indifferent consumer between buying L and not buying
in the urban villages, and 6% is the indifferent consumer between L and not
buying in the rural villages. Observe that in equation (3) the cost of expanding
the network only refers to the cost of deploying the piped water. On the other
hand, we assume that resellers are present only in the urban areas. As before,
we start the analysis by considering the case of an unregulated utility. The

timing of the game is the same than in Proposition 1.

Proposition 3. Imagine an unregulated utility that provides L in all the

country. The utility offers H and L in v € [0,v*] and only L in v € [v*,7],

(u—v)(4p pr—4p% +(u—2r)w) A~
4d(f2727,£+uw) for r < ry and v* = Ogrp, =

where v* = Uy =
w

“ru) for r >rq.

2o —r-+u—w—p (Lt
4d

Proof: See the Appendiz.

In the urban villages [0, v*] the unregulated utility sets the prices of H and

L as in Proposition 1, py = pR_TTJ““ and p7 = BE%. This occurs because the

segmentation of consumers doesn’t depend on the coverage. On the other hand,

w
2
because in this area it doesn’t face the competition of resellers. In the proof of

in the rural villages [v*,7] the utility sets the monopoly price for L, pft =

this proposition we also show that the coverage of H decreases when the utility
is forced to offer L in all the country. Indeed, vy < vgr and Uggrr < VgrrL,
where vy, and vggp are defined like in equation (2). With universal access
of L the utility only expands the piped network if this generates more profits
than just selling L. As L is present in all villages, the utility covers a smaller
part of the country than when it is completely unregulated, because now the
profitability of expanding the network is smaller.

This result reveals a trade-off between the objective of universalizing the
access to L and the expansion of H. When the utility is forced to offer a low

quality service to the whole population it reduces the coverage of piped water
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in peri-urban areas.

Imagine now that the regulator sets the prices of H and L and that the
managers of the utility maintain the control over the coverage of H. We
assume that the regulator can set different prices for L in the urban and the
rural villages to make this situation comparable with those of Proposition 3.
In particular, we consider that p® = t p¥, where t > 0. The timing of the

game is the same than in Proposition 2.

Proposition 4.  Imagine a requlated utility that provides L in all the
country and decides the coverage of H. The utility offers H and L in v €

[0,vgRre] and only L in v € [vggrr, V], where

pu(pr —pr)  pL(PL —pr)  PP(1 —t2)]
r—u r—w w '

_ 1 o
UHRL = E[pH +tpy +

Proof: See the Appendizx.

The regulation of py reduces the profits of the utility in the urban villages
and as a result it reduces the coverage of H. Indeed, it can be verified that

% > 0 and that vypg; reaches a maximum for the monopoly price py =

(utpf—r)
2

that before were consuming R, this effect is not enough to compensate the loss

. Although the reduction of py attracts to the utility some consumers

of revenues.

It is also immediate to see that the coverage of H increases with p¥, because
this makes urban villages more profitable. But the coverage is determined
by the relative prices of L in the urban and the rural villages. Notice that
dﬁg% < 0 for t < 2?%. This implies that the utility chooses the maximum
coverage when the regulator sets a price equal to zero in rural areas, i.e. when
t = 0. Moreover, with this price vy r;, = Ugrr. This is because with this price,
the marginal village covered with piped water is the one that has zero profits,
and this village is the same than in the case where the utility was not forced
to serve all country with standpipes. Also, with uniform prices, that is when
t = 1, rural villages are less profitable for the utility and it prefers to expand
H. By contrast, when t = 2}% > 1 the regulator sets the monopoly price in
the rural villages, pf' = tp] = %. In this case, the utility is less interested in

expanding its piped network because it obtains more revenues with L. Figure
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4 shows the coverage, consumer surplus, and the profits of the utility as a
function of ¢ when the prices of the utility are regulated.

Finally, the following corollary shows that when the utility is regulated the
coverage of H can be higher than without regulation. This occurs when py is
not too low and the relative prices of L in the urban and the rural villages are
not too different.

Corollary 2. vygrp > Oggrr for t <t.

Proof: See the Appendizx.

To sum up, our previous analysis has shown the effects of regulation in the
commercial strategy of the utility. Price regulation can improve social welfare
and the situation of some consumers, but it can reduce the access to piped
water to some consumers in the peri-urban areas. The reduction in the price
of piped water increases the number of users that consume this service in the
urban villages and reduces the purchases to resellers. In spite of this, this
regulation reduces the coverage of piped water if the price of standpipes in the

urban villages is much lower than in the rural villages.
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Figure 4. Equilibrium results for a regulated utility.
(u=1,w=0.45,r=20.65 p=20.1, pg= 0.535,
pr= 0.025)
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5 Separated management

The previous sections have analysed the case where the water utility manages
and supplies piped networks and standpipes. In spite of this, nowadays there is
an important debate in developing countries on how public standpipes should
be managed. Recent studies conclude that in many cities standpipes are dys-
functional and are poorly maintained. This reduces the number of standpipes
in use as well as its quality. Taking this into account, alternative manage-
ment systems have been suggested (Keener et al., 2010). One possibility is to
delegate the operation of standpipes to other operators or water agencies. In
this section we analyse the coverage decision of an utility that competes with
another firm that manages standpipes in all the country. Therefore, the main
change in our model regarding the previous sections is that now each firm only
offers one service and that the prices of indoor connections and standpipes are
set independently.

Consider first the case of an unregulated utility that offers H and that has
a cost d% for expanding its network. The utility competes against another
unregulated firm that offers L and covers all the country. Hence, the two firms
compete in a group of urban villages and there is an incumbent firm that is a
monopoly in the high-cost rural villages.

The utility obtained by the consumers depends on their location and on

the services they consume:

Ou — pY, if he buys H in the urban region
, . fw — pg if he buys L in the urban region
Consumer’s net utility = ) ) )

Ow — plt if he buys L in the rural region

0 if he uses an alternative water source

Next we present the results of the competition when the incumbent sets
different prices in the urban and rural villages, p¥ < p% (price discrimination)
and when it sets the same price p! = p® (uniform price) throughout the
country. We analyse the following game in three stages. First, the utility
determines its coverage. Second, the two firms set their prices. And third,

consumers choose their preferred service.

Proposition 5 The prices and the coverage of H when firms are unrequ-
lated are:

i) With price discrimination: pY = QU(E); Y = /iu(:%}l); ph = =
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vl = %u( (41__:)2)-

ii) With uniform prices: p%

(1-r)u(24+k(v-1)). _ (k—1D)kru(v—2) .,

U=r)ul2+k(v—1)) (k—l)ru(v—2) d
4+r(3v—4) » PL= 4+K(3v—4) v

u < .
S

where Kk = %
w

Proof: See the Appendizx.

The first part of the proposition shows the results with price discrimination.
In urban villages the differentiation of the products (k = w/u) increases the
prices of H, but it has an ambiguous effect on the price of L. Moreover, prices
are independent of the coverage level of H. In rural villages, the incumbent
sets the monopoly price for L, since it doesn’t face any competitor. Finally, the
coverage of H also depends on product differentiation. Specifically, % < 0,
which implies that a reduction in the differentiation reduces the profitability
of H and as a consequence the utility reduces its coverage. In the proof of the
proposition we also show that v? is higher than the coverage that would choose
the utility if it could commercialise both H and L. Therefore, competition
reduces prices, increases the access to the service, and increases the coverage
of H.

The second part of the proposition presents the equilibrium outcomes when
the incumbent sets a uniform price for L. As before, the prices depend on
the level of product differentiation (k). Specifically, the increase of product
differentiation increases the prices. In this case, however, the prices of the two
firms depend on the coverage of H. In the proof of the proposition we show that
11~ () and that % = 291 (). This occurs because the expansion of the

dov do¥

duopoly area forces the incumbent to reduce its price more aggressively, which

alllows it to attract a larger group of consumers in urban villages. Indeed, when
v" = 0 the incumbent is a monopoly in all the country and as a result it sets
the monopoly price, but when 0 < v* < 1 its price is lower than the monopoly
price but higher than the competitive price. The existence of the uniform
price changes the indifferent consumers between H and L in each village. In
the proof of the proposition we show that % > 0 and % < 0, meaning
that the expansion of v when there is a uniform price increases the number of
consumers buying L because some consumers that before were consuming H
now shift to L and some low type consumers that before were not consuming
now buy L.

Finally, it is interesting to mention that the establishment of a uniform

price for L affects the coverage of H. Figure 5 compares the equilibrium
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results with price discrimination and uniform prices. The coverage of H is
higher with uniform prices of L if d is high enough. By contrast, it is smaller
for low values of d. When d is large the two firms compete in a few villages,
so the imposition of a uniform price forces the incumbent to increase the price
of L and to set it closer to the monopoly price. This situation incentives a
significant group of consumers to shift from L to H, increasing the profits of
the utility and its coverage. On the contrary, when d is low, the firms compete
in a high number of villages, so the imposition of a uniform price forces the
incumbent to set a price close to the competition price in the duopoly area.
As a result, the profits of the utility are smaller in the urban villages and it

chooses a smaller coverage.
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Figure 5. Utility’s coverage with uniform price or price discrimination.

(u=1,w=10.25d=0.8d=0.3)

Imagine now the case where the prices of H and L are regulated, and the
regulator can set different prices for L in the urban and the rural villages. In
this context, we want to analyse the coverage decision of the utility when there
is price discrimination for L. The timing of the game is as follows. First, the
utility decides its coverage level. Second, the regulator establishes the prices

of H and L. And finally, consumers make their choices.

Proposition 6 The coverage level of H when the firms are requlated is:

o — pY (—pY +pY 4+ (s—1)u)
o du(k—1)

Proof: See the Appendix.

As before, the coverage of the utility depends on the level of product differ-
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entiation (x). The larger the differentiation, the greater the coverage is. It is
also interesting to examine how the regulation of prices affects the coverage. If
the regulator sets a low price for L in the urban area this policy decreases the
number of consumers buying H, and as a result the utility serves less villages.
On the contrary, if the regulator sets a high price for L, there is a number of
consumers that change from L to H, increasing the profits of the utility. This
facilitates the expansion of the piped water network. Taking this in account,

we can compare the coverage of H with and without regulation.
du(l+k) 1]
P (r—4)2

Corollary 2. v" > v? for p¥ > p¥ +u(1 — k)|

6 Conclusion

The objective of the chapter has been to analyse the provision of water in
developing countries when the service can be offered through different tech-
nologies. First we have seen that the presence of water resellers forces the
utility to offer standpipes in order to retain some consumers. This strategy
increases the number of consumers with access to the service and the profits
in each village, providing incentives to the utility to increase its coverage. The
existence of water resellers facilitates the access to the service in the villages
served, although reduces the coverage of the utility.

We have also shown that forcing the utility to serve all the country with a
basic service reduces the profitability of piped water and also its coverage. This
implies that the obligation of delivering safe water to all the population causes
a trade-off between the number of villages with access to piped water and the
number of households with access to the basic service in each village. In spite
of this, an adequate regulation of the prices of piped water and standpipes can
moderate this situation.

The regulation of prices can create winners and losers. When the regula-
tor reduces the price of piped water the utility can reduce its coverage. As a
result, subscribers to piped water pay less for the service, but a larger group
of consumers are left without a connection. By contrast, when the regulator
complements lower prices of piped water with a reduction of the price of stand-
pipes in the rural areas the utility has incentives to expand the coverage of its
network. This occurs because the reduction of the price of standpipes reduces
the revenues of the utility in rural villages, and as a consequence it is more

profitable to expand the piped network.
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This chapter has also analysed the situation where the utility offers piped
water in a part of the country and the management of standpipes is delegated
to an independent firm. We show that this market structure reduces the profits
of the utility and, in consequence, its coverage. However, competition increases
the number of consumers with access to piped water in the villages covered by
the utility. We have also shown that this effect on coverage could be mitigated,
or even reverted, by forcing the competitor to fix a uniform price.

The results of this research can be useful for guiding the water policy in
developing countries, where there is an important presence of water resellers
and where an important part of the population can’t afford the access to piped
water. In order to increase access to water services, regulatory authorities
could impose the installation of standpipes in peri-urban areas and in some
rural areas. We have demonstrated that this policy allows consumers in high-
cost areas to get access to the service, although it reduces the number of
villages covered with piped water. To compensate this situation, prices can
be regulated to increase the profitability of piped water. Finally, we have
shown that the separation of the management of piped water and standpipes
reduces the coverage of the utility but increases the proportion of consumers
with access to the service in all villages. Moreover, we have found that setting
a low uniform price for standpipes throughout the country, when the costs of
expanding the network are high enough, can increase the coverage of piped

water.

7 Appendix

Proof of Proposition 1. Consider first the case where the utility only offers

H. The indifferent consumer between buying H and R is 0z = P2=LE and the
indifferent consumer between buying R and not buying is 6o = 2. Taking
this into account, the utility sets py and v to maximize 7y = py(1—60gr)v —

d%-. Solving the firm’s problem yields:

_Pr—THu (pr — 7 +u)® (pr — 7 +u)*

b 2 > VHR dd(u—r) "’ THE 32d(r — u)? )

With these results we find that Oy = pé}j—fx and Opy = P£. Notice that
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Opgr > Opo for r > 7 = %(pR +u — (p% — 6pru + u?)'/?). For simplicity we
assume that this condition is always satisfied.

Consider now the case where the utility offers both H and L. In this case,

the indifferent consumer between H and R is 0yr = PZ=P2 the indifferent

consumer between R and L is gy, = P2=PL  and the indifferent consumer
between L and not buying is 679 = £=. The utility sets the prices py, pr and
the coverage level v to maximize 7yrr, = [py(1—05r) +pL(OrL — O10)]v — d%

and this gives:

Pr—T+Uu PrwW

P = T; pbr = o )
oo 2er(u—r)(r—w) +r(r = w)’(r — w) + pR(r? — 2rw + uw)
HRL = Adr(u —7)(r — w) ’

(2prr(u —7)(r —w) +r(r —w)?(r —w) + ph(r* — 2rw + uw))2‘

i =
HRL 32dr2(r — u)?(r — w)?
(5)
Now, the indifferent consumer satisfies that Oyp = % > Opr =
pr(l=g;) > 0o = B for r € [ry,m3), where Oy > 010 for r > 71 and r < 7y.

(r—w)

We don’t show the values of 1 and ry for simplicity. For » < r; and r > ry

the utility sets pj = RHI—PRUEPRU=PHY ip order to guarantee that Opp = Opr.

T—Uu

Taking this into account, we get:

~ 2ppr(u—w) + (r —u)*w ~w(r? 4 2pr(u — w) + uw — r(u+w)
T 0 = 2rw + ww) br = 2(r?2 — 2rw + uw) ’

Y _ Apr(r —pr)u+ ((r — 2pR)* — 2ru+ u?)w.
e 4d(r? — 2rw + uw) ’
(4pr(r — pr)u+ ((r — 2pr)* — 2ru + v*)w)?

32d(r? — 2rw + uw)?

THL

With these results, we can now examine the optimal versioning strategy of
the utility. For r € [w,r] and r € [ro 1] the utility can offer H and L and
obtain 7y, or it can offer H and get myg. It can be verified that 7y > myg

for prp <r <wandr >w > 0.
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For r € [ry, 5] the utility can offer the two services and obtain wggy or
only H and obtain mygr. In this case, we obtain that myr > myrr when
prw(2r?(pr —r +u) + (4pgr(r —u) — 2r(r — u)? + p%(u — 3r))w) > 0, which it
is only possible for w > u, which contradicts our assumptions. Therefore the
utility always offers both H and L. QED

Proof of Proposition 2. Imagine that the regulated utility only offers
H. In this case, the indifferent consumer between H and R is Oy = P2=LE
and the indifferent consumer between R and not buying is 0o = ?%. Taking
this into account, the utility sets v to maximize 7yr = py(l — Oygr)v — d%.

Solving this problem yields:

pu(r —u—pr+pu) pY(pr — P — 7+ u)?

ViR = d(r — u) » THE S 2d(r — u)? ' (©)

Next, consider the case where the utility releases both H and L. The

indifferent consumer between H and R is Ogp = pz :’T’R, the indifferent con-
sumer between R and L is 0ry = P2-PL and the indifferent consumer be-

tween L and not buying is 079 = %. The utility sets v to maximize myry, =
[pr(1 —0ugr) + pr(OrL — Oro)]v — d% and obtains:

1, pu(pr —pg —7+u)  pr(prr —prw),
VarL = 5( + )
d u—r (r —w)w

(Pir(r —u) + prpr(u — r)w + pr(py — pr + 7 — ww(w — 7’))2.

THRL = 2d(r — u)?(r — w)?w? -

With regulated prices, we find that 1 > 0yg > O > 01 for r € [Fa, T3]

pPrw
PRTU—DPH

we find that 1 > Oygr > Ory > 010 for r € [Fa,T5], and for r > 75, nobody

when py > pr+u—r or when py < pr+u—rand p; < . Otherwise,
buys L. By contrast, Or;, < 09 for r < 75 and 0yr > 1 for r > 73. When
r < Ty nobody buys R and the consumer that is indifferent between H and L
is Oy = P2=PLIn this case, the utility sets v to maximize 7yr = [pr(1 —
QHL) +pL((9HL — eLo)]?} — d% This yields:

pr’u — 2pppLw + prw(py — u+w)
d(w — u)w ’

VHL =

46



2u — 2pgprLw + prw(py —u+ w))2

(pr
2d(u — w)?w? ' ®)

THL =

On the other hand, for » > 73 no consumer subscribes to H. As a conse-
quence, the utility maximizes the following profit function nr;, = [pr(OyL —

Or0)v — d% and gets:

_ pL(pLT — PR+ w), _ p%(l?LT — pr)2 (9)

VRL = dir —w)w ' TRL = 2d(r — w)?w?

Taking into account these results, we can establish the versioning policy of
the utility. For r € [w,Ts] the firm can offer H and L and obtain wyg;, or H
and obtain 7wy g. Considering that 5—; = t it can be shown that mgr0 — TR <
0 when r <7

- pr(u — w)w + pg(w — tu)?
L=

pu(t?u +w — 2tw)

(10)

For r € [T, 73] the utility offers the two services when 7wy p — mgr > 0,
which occurs when py < P22, However, this is always necessary in order to
guarantee that Orr > 019.

Finally, when py < pgr + u — r or when py > pgr +u — r and % <
pr < P22 we find that 1 > Opr > Opr > 019 for r € [Fy,75]. For 75,73, as
Orr < 010 , no consumer buys L but the firm offers H so only H and R are
active. On the contrary, for r > 73 the optimal decision of the utility is not to

serve the market neither with H or L.QED

Proof of Corollary 1.

The coverage that appears in the corollary is straightforward obtained from
Proposition 2. On the other hand it can be shown that vgr, — vgr > 0, if,
and only if, p;, < P2=. Moreover, when nobody buys R the coverage is higher
when the utility only offers the high-quality service as vy — vgr < 0 for all
values of py and py.

Finally, when the utility only offers the low-quality service its coverage

depends on the prices. Indeed vy > 0 for p;, > E&

Proof of Proposition 3. The utility offers throughout the country L,
and H and L to a group of low-cost locations (urban villages). In urban

villages, when it offers H and L the indifferent consumer between H and R
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U_ . B . _pU
is 0Y . = PZLPR the indifferent consumer between R and L is 0%, = ZA-LL
HR u—r RL r—w
U
and the indifferent consumer between L and not buying is 9%0 = %. On

the other hand, in the rural villages where it only offers L, the indifferent
consumer between L and not buying is Qfo = ’;—f. Taking this into account,
the utility sets py, pY, and p® and the coverage v that maximizes myp; =
[P (1 = 051R) +PY (0%, — 070) v+ pE(1 = 055) (1 —v) —d%. Solving the problem

we obtain:

v _ Pr—TH+uU  y  PRW rR_ W,

pH - 2 ) L 271 ) pL 27
. 20p — 7+ u—w—ph(-E + %)
UVHRL = Ad

And as a result, the profits of the utility are:

n (=2ppr(r —uw)(r —w) + r(r—u)(r — w)(r —u+ w) + p?%(TQ — 2rw + uw))?

= —(w+ 11
THRL 4(w 8dr2(r — u)2(r — w)2 on

As in Proposition 1, with these prices the indifferent consumer in the urban

villages satisfies 0%, > 0%, > 07, for r € [r1,r5). For r < r; and 7 > ry the

utility sets p; = RHI—PRUIPRW_PHY tq engure that @y p = Orr. As a result, only

rT—Uu

H and L are active and we get:

(1 = w) (4pyr = 4+ (u = 20)w)

vHL = 4d(r? — 2rw + uw)

Finally, we compare the coverage levels of the utility when L is offered in
all the country and when it is offered in the same villages that H. Consider
vgrr and vypas determined in Proposition 1. For r € [ry,rs] we get that
vy —vy = 45 > 0. On the other hand, for » < r; and r > ry we observe that
Uy — 1 = 35 > 0.QED

Proof of Proposition 4. The regulator sets py, p¥, and p® = tp¥ and
the utility sets v. When the utility offers H and L the indifferent consumers
are the same as in Proposition 3. Taking this into account, the utility sets v to
maximize Trrr, = PG (1 — 0%5) + 0¥ (0%, — 0%)]v +pi(1 — 05)(1 —v) — d%.

Solving the problem yields:
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U (.U 2 (42
Srnp = l(pu i Pu(py —pr)  pL(pL —Pr) N P (t* — 1)) (12)
avH L r—u r—w w
Moreover, the profits of the utility are:
2tp¥ww — ) Y GY —pp+r—w —ww sV (r —wwg + tw — 1) + 92 (1 — W) (2 = 1) - t2w))?
HRL= + (13)

2w?2 2w2(d(r — u)2(r — w)?2)

Proof of Corollary 2. Observe that vyrr, — vgrr > 0 for t < t. We do

not show ¢ because it is a long expression. QED

Proof of Proposition 5. When the utility offers H in the low-cost urban
villages and the incumbent offers L in all the country we can identify two
types of indifferent consumers. In the urban villages, the indifferent consumer
between H and L is 0%, = % and the indifferent consumer between L and
not buying is 9%0 = %LI. In the rural villages the incumbent has the monopoly
and the indifferent consumer between L and not buying is 65, = 1;—5. The
profit functions of the firms when the incumbent can price discriminate are:

mr = [pf (05, — 070)]v + pE(1 = 075) (1 = v);

T = [Y(1 — 05,0 — .

Taking this into account, we first examine how firms set prices in the second

stage of the game:

RU

¥ = Copht = 20 14
I{—4)7 pL Ku<l€—4)’ pL 2 ) ( )

where we have used that x = w/u. Replacing in the profit function we get:

duv(l — k) dv* KU

_ _ (12 + (k — 4)k)v
e e S R

(1- (kK —4)2

(15)
Moreover, with the above prices the indifferent consumers are : 6%, =

U R
Finally, in the first stage of the game the utility decides its coverage. Dif-
ferentiating the profit function in (15) with respect to v we obtain that the

49



optimal coverage is:

d(k — 4)? (16)

We can compare v¢ with the coverage that would set the utility if it could
provide the two services. When the firm operates in all the country offering the

high-quality service in the urban area and the low-quality service in the rural

area, the coverage set by the utility is v = “*. If we compare this coverage

with the one that the company would establish with competition we see that

(uw) w(Bu—w)]
4d(w—4u)? > 0.

Consider next the case where the incumbent is forced to set a uniform

V—V =

price in the urban and the rural villages. In this case, in the urban villages

U _
the indifferent consumer between H and L is 0%, = © LPL and the indifferent

consumer between L and not buying is 9%0 = EL. In the rural villages the

indifferent consumer between L and not buying is 0},—30 = EL. Keeping this in
mind, firms choose py and p;, and v to maximize their profits.

T = [pL(Q%L - 9%0)]“ +pr(l— 0150)(1 —v);

= (1 = 05w — d%

Solving the second stage of the game we find the following results:

k—1u2+ k(v —1 ku(k —1)(v —2

DR is 1) iD=
4+ k(3v —4) 44 k(3v —4)
— 2% (u — -1
L 0= 2= wu(u+ (0= D) s
(4u + (3v — 4)w)?
o= v(8u2(u — 2dv) 4 Su(u(v — 2) + d(4 — 3v)v)w + (2u(v — 5)(v — 1) — d(4 — 3v)2v)w?2 — 2(v — 1)2w3) (1)
2(4u + (3v — 4)w)?

M . D U _ 2+s(20-3),
oreover, with the above prices indifferent consumers are 6, = TrnGu D))

k—1)(v—2
9%0 = 9?0 = %'

From this we also obtain the following results:

50HL . Ii(z—i‘li) . (SQLO . 2(%— 1)<H—|—2)
Sv (44 k(30 —4))2 >0 Sv (44 K(3v —4))2 <0

This occurs because with a uniform price, the decrease of the incumbent’s
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price generated by the increase of v is twice as high as those of the utility.!?
Finally, in the first stage of the game the utility sets its coverage. From
the profit function in (19) we find that the FOC of profit with respect to wv.

Specifically v is a root that satisfies:

dv(4+k(3v—4)* — (1 —k)u(2+ k(v —1))[8+6k(v —2) + K*(4+3(v—3)v)] = 0.

QED

Proof of Proposition 6 When the prices of the utility and the incumbent
are regulated and there is price discrimination for L we have the following
indifferent consumers: in the urban villages, the indifferent consumer between
H and L is 6%, = I% and the indifferent between L and not buying is
0%, = %. In the rural villages the indifferent consumer between L and not
buying is 0150 = %L%. The profit functions of the firms are:

w1 = [P (0% — 070)v + pE(1 = 05) (1 — v);

’U2
m = [P (1— 05,0 — d%.
From the profit of the utility we obtain that the optimal coverage is:

r P (=pY + 0%+ (k= 1)u)
V= d(r — Du (20)

Finally , we can compare this expression with the coverage of the unregu-

U (U U
. . . . . —pf +(k—1)u
lated case when there is price discrimination, we get v"—v? = & (P dul()zfl() Ju)

%. This expression is positive if p¥ > p¥ + u(1 — li)[% —1]
Moreover we can show that product differentiation affects the coverage, as

» U (U _, U
b = Ve > 0.QED

13Partial derivatives of prices respect to the coverage level are:

dpa _ (k—Dk(2+K)u
v (4+k(3v—4))2

opr _ 2(k —DK(2+K)u
v (44 K(3v—4))2

< 0; < 0.
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Chapter III: Community managed water sys-
tems: the case of Peru

1 Introduction

The economic literature has traditionally considered the state to be responsible
for the provision, directly or through other actors, of public services. It can
obtain the resources needed to finance the services and has the coercive power
to enforce the regulation. Moreover, it is considered that the provision of public
services gives legitimacy to the state. Yet, in many developing countries the
state has failed to deliver basic services such as water or energy at minimum
quality levels and affordable prices. When this happens, the citizens might
turn to their communities for the self-delivery of these services (Alesina and
Zhuravskaya, 2011; and Lee et al., 2014). The community managed water
systems which are prevalent in rural areas of many Latin American countries
are a good example of this. In this chapter we focus on Peru and the so-
called Juntas Administradoras de Servicios de Saneamiento (JASS), a type of
communal organizations that provides water services to more than 3 million
people in rural and peri-urban communities of Peru.

The relevance of water for human development and the reduction of water
related diseases was highlighted in the United Nation’s Millennium Declara-
tion of 2000 and since then, most developing countries have made an important
effort to increase the access to drinking water. While in 2000, 17.5% of the
world population did not have access to safe drinking water, in 2012 this per-
centage had been reduced to 10.6%. In Latin America and the Caribbean,
access to drinking water increased from around 85.3% in 1990 to 94.2% in
2012 -see Table 1. Moreover, the percentage of the population that has access
to piped water increased from 72.3% to 88.2%. In fact, the region reached the
Millennium coverage target five years earlier than planned.? That said, access
to water services is not homogeneous across regions. In rural areas the rate of
access to water is 82.5% and to piped water only 66.3%. In the specific case
of Peru, in 2012 only 71.6% of the rural population had access to water and
just 62.8% of the rural population had access to piped water.

1JoAN CALZADA, SUSANA IRANZO AND ALEX SANZ
2http://www.un.org/millenniumgoals/
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Table 1. Water coverage (in %) in Latin America, 2012.

National Rural areas

Country: Improved water  Piped water Improved water  Piped water
Argentina 987 98.6 953 94
Bolivia 881 83 719 57.3
Brazil 975 92.1 853 66.6
Chile 988 98.8 91.3 91.3
Colombia 912 87.3 736 66.4
Costa Rica 96.6 959 90.9 88.9
Cuba 94 76.7 87.3 576
Dominican Republic 80.9 66.5 772 50
Ecuador 86 .4 85 752 723
El Salvador 901 73.1 81 494
Guatemala 938 856 88.6 727
Haiti 624 87 475 42
Honduras 896 88 815 785
Mexico 94 9 90.9 a0.8 76.6
Nicaragua 85 63.5 B67.8 288
Panama 943 921 86.6 81.1
Paraguay 938 777 834 571
Peru 86.8 81.9 716 628
Puerto Rico* 936 86.8 936 B86.8"
Uruguay 995 99.5 94 .9 94.9
Venezuela™ 929 86.8 753 516
Latin America and Caribbean 94 2 88.2 82.5 66.3

Notes: () Year 2011 (**) Year 2007
Source: Joint Monitoring Programme for Water Supply and Sanitation.

Some of the difficulties that impede the increase in the coverage of water
services in rural areas are the poverty of the population and the inefficiency
of the public systems. Several strategies have been pursued to remedy this
situation, including privatization, the liberalization of the market and the use
of intermediate solutions such as public-private partnerships, and a number of
academic papers have analysed the impact of such policies.®> However, an as-
pect that has been overlooked in the literature is that in many rural and remote
areas public and private water systems are unsustainable because local govern-
ments do not have the financial resources to maintain them and consumers are
unable to pay the full cost of the service. Moreover, local communities often
oppose to privatization. In these situations, communal provision has emerged
as an alternative to provide water services to population groups that would
otherwise be unattended.

Communal water organizations are civil associations of users who run the
service and often are also responsible for constructing and maintaining the

water infrastructures. Usually these organizations work independently of the

3For example, the effect on the expansion of piped water and the fees paid by users have
been analysed in McKenzie and Mookherjee (2003), Wallsten and Kosec (2008), Gassner et
al (2008), Clarke et al (2009) and Tan (2012) whereas Galiani et al (2005), Galiani et al.
(2009) or Kosec (2014) had examined the effects on health outcomes.
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state, although in recent decades governments in several Latin America coun-
tries have regulated them and offered them training and technical support.
The importance of the local communities in guaranteeing the sustainability
of the water system has been recognized by governments and international
organizations alike, and most public plans elaborated in the last years have
directly involved the local communities. Quite surprisingly, though, very lit-
tle is known about the performance of these organizations.* A few papers
have studied how to design effective projects for water supply, concluding that
demand-responsiveness, community participation and social capital are key to
the success of the projects. However, much less attention has been devoted
to analysing the factors that favour the creation of communal organizations
and their overall performance. Focusing on the Peruvian experience, in this
chapter we shed some light on these issues.

The structure of the chapter is as follows. Section 2 reviews the literature
on community managed projects and the delivery of public services. Section 3
discusses the importance of water communal organizations in Latin America
while Section 4 focuses specifically on Peru. The main reforms underwent
in the water sector in Peru and the current organization of the sector are
described in subsection 4.1. Subsection 4.2 provides a detailed discussion on
the Juntas Administradoras de Servicios de Saneamiento (JASS) including an
analysis of the factors associated to their presence and their performance in
comparison with the public systems. Subsection 4.3 discusses some of the most
recent policies that have been adopted to complement the work of the JASS

and improve the water service in rural areas. Finally, Section 5 concludes.

2 Theoretical background: communal organi-
zations and the delivery of collective ser-

vices

One reason for the reduced access to drinking water in developing countries is
the inefficiency of state-owned infrastructure monopolies that typically result
in budget deficits. Faced with this problem, in the 1990s many countries intro-

duced different types of private service participation (PSP) in the management

*An exception is Calzada and Iranzo (2015) that analyses the effect of communal water
provision on child health in Peru.
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of the water service. This policy received the support of the World Bank and
donor agencies, which advocated for the privatization of deteriorated utilities
in order to promote investments and service coverage, and to reduce the fi-
nancial burden on government budgets (World Bank, 1995; Kirkpatrick et al.,
2006). The analysis of those reforms yields ambiguous conclusions. While
the proponents of private service participation point out that it has improved
performance through increased efficiency and cost recovery, allowing for addi-
tional financial resources and larger coverage rates among poor consumers, its
opponents argue that it has raised the cost of capital, reduced long-term in-
vestments in infrastructure, increased corruption and increased prices (Bakker
et al. 2008).

The debate is also reflected in the empirical literature that compares the
performance of public and private operators. For instance, Estache and Rossi
(2002) do not find evidence of superior performance of privately-owned water
utilities in Asian countries. Kirkpatrick et al. (2006) analyse a number of firms
in African countries and do not find a significant effect of privatization on the
cost of the service, although they show that private provision is associated
with much higher average water charges and more water metering. Hailu et al.
(2012) investigate the impact of water privatization in Bolivia comparing cities
where the service was privatized with cities where the system was managed by
a cooperative. They find that private concessions failed to meet the targets
stipulated in the contracts because expanding the service to the poorest areas
was unprofitable. Moreover, the increase in fees led to public outrage that
forced the government to renationalize the firms. Tan (2012) argues that the
poor results of privatization in terms of network coverage and efficiency might
be due to the natural monopoly nature of the water service that often requires
subsidizing the fees, and the high risk of infrastructure investment due to high
sunk costs, long gestation periods and uncertain revenues. By contrast, other
papers show some positive results of privatization. For example, Crampes and
Estache (1996) and Galiani et al. (2002) find that privatization led to benefits
in terms of the population provided with safe water and sanitation, and Galiani
et al. (2005) show large improvements in terms of water quality and reduced
child mortality in poor areas after the privatization process in Argentina in
the 1990s.°

>The impact of privatization on child health has also been studied in other papers. Galiani
et al. (2008) assess the effects of a program of expansion of the water network undertaken
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Another strand of economics literature stresses the importance of involving
local communities in the operation of public services and infrastructures. It
is believed that community-driven development (CDD) projects and decen-
tralization can overcome some of the difficulties to manage the provision of
public services such as schools, water services, and roads in certain areas of

6 First, the local communities have a superior knowl-

developing countries.
edge of the actual needs and they also have higher incentives to provide the
service at some quality standards. Second, community members are more
willing to financially contribute to the projects when they have some level of
decision-making. Consistent with this idea, the 1990s witnessed the flourishing
of community-managed rural water systems supported by various international
agencies. A number of papers have partially examined the results of this model,
although they have not explicitly compared community-managed systems to
public systems. For instance, Katz and Sara (1997) show that the performance
of the service is associated with the level of participation of the community in
the design and management of the projects. They also argue that community
members are more willing to meet investment costs when they have control
over the funds. Galiani et al. (2009) examine a program launched in 2002 by
the private firm Aguas de Argentina, together with the local governments and
the regulatory agency, to extend water facilities to urban shantytowns. They
argue that the success of the program was largely due to the involvement of
the beneficiary communities. Bakerlian and Wakeman (2009) and Whitting-
ton et al. (2009) analyse the performance of community-managed rural water
supply programs in 400 rural communities in Bolivia, Ghana and Peru. They
find that the projects operated by communal organizations were performing
remarkably well after their construction; most of the private taps were working
several years after their creation, consumers were using the system and they
were largely satisfied. Spaling et al. (2014) examine the factors that affect the
sustainability of community water supply projects in Kenya. They explain how
managers try to gain the support of community members by setting personal
meetings and sharing information and feedback. Mark et al. (2014) analyse the
sustainability of handpumps in 200 rural communities located in two regions

of Ghana. They argue that water systems for which more planning meetings

by the private firm Aguas Argentinas. Kosec (2014) studies the impact of privatization on
child health for a group of African countries.

6See, among others, Besley and Coate (2003), Mansuri and Rao (2004), Estache (2004),
Bardhan and Mookherjee (2005) or Casey et al. (2012).
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with community members had been held during the construction period were
more likely to collect sufficient user fees to cover the maintenance costs. More-
over, project outcomes were better within communities where a larger share of
households reported participating in management related decisions. So to sum
up, there is consensus in the literature that the participation of local commu-
nities is key to guarantee the success and sustainability of projects aimed at

delivering collective services.

3 Communal water organizations in Latin Amer-
ica

Communal water organizations have an important presence in rural areas of
Latin America. It has been estimated that more than 77,000 of such organiza-
tions provide water to around 40 million people. They are particularly preva-
lent in the Andean countries where the tradition of communal work traces back
to the ancient culture of cooperation of the pre-Columbian Maya and Inca civ-
ilizations.” For instance, in Ecuador there are around 7,000 Juntas Comunales
and Juntas de Administraciéon de Agua Potable serving 2,7 million people, the
20% of the total population (PROTOS-CEDIR, 2011). In Colombia, in the
2000s several public programs promoted the creation of Juntas Administrado-
ras, Juntas de Accién Comunal and Asociaciones de Usuarios and nowadays
there are about 16,000 communal organizations (Aquavitae 2010; Smits et al.
2012). In Venezuela, in 2002 the government created the Mesas Técnicas de
Agua, and in 2007 there were about 2,500 Mesas which participate in the or-
ganization, supervision and control of the service and serve more than 900,000
people in rural and indigenous communities (Matos et al. 2008). In rural and
peri-urban areas of Bolivia, there are around 4,500 Comités de Agua Potable y
Saneamiento (CAPyS), in which local communities own the infrastructures and
each household participates in the operation and maintenance of the service
(PROTOS-CEDIR, 2011). In Peru, there are more than 5,000 active Jun-
tas Administradoras de los Servicios de Saneamiento (JASS) and other users
associations that provide the service to around 30% of the total population
(PROTOS-CEDIR, 2011 and Cornejo, 2012).

In many cases, these organizations are the result of government projects

"The Maya word for this type of cooperative work is kuchuj and the Inca word is minka.
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that sought the support of local communities to expand water facilities and
improve service quality in the 1990s. In effect, during those years the general
opinion of water specialists was that water systems in rural areas were per-
forming very poorly (Bakalian and Wakeman, 2009); systems were not being
repaired, revenues were insufficient to pay for the operation and maintenance
costs, communities did not have a sense of ownership of their infrastructures
and households were not satisfied with the service. In this context, a consensus
emerged among international donors and national authorities that rural water
supply programs should incorporate elements of the demand-driven commu-
nity management models (Sara and Katz, 1997 and Whittington et al. 1998).
Communal water organizations are also the default type of provision in areas
where, due to economic and technical difficulties, the state fails to provide
the service, even though in many countries the government typically regulates
their activities and monitors the quality of water. Moreover, communal orga-
nizations need to be legally recognized in order to receive funds and technical
assistance (FANCA, 2006). Yet, the relation between the communal organiza-
tions and the state differs importantly across countries. While in some coun-
tries they have considerable autonomy and do not receive any institutional
support (e.g., Guatemala or El Salvador) in others they are very dependent of
the state (Costa Rica).

The legal structure of the communal organizations is quite similar across
countries. Their members are simultaneously owners of the water infrastruc-
ture and users of the service. Each household is considered a user and typically
one family member participates in the assembly. The decision making tends
to follow a vertical structure: the assembly democratically chooses the man-
agement board and supervises its activities. Then the management board
defines the projects, plans the activities and supervises the provision of water
services. The members of the communal organizations contribute with their
work to the construction and maintenance of the facilities and can also un-
dertake administrative activities.® Some organizations also hire personnel to
perform administrative or specialized activities, but this depends on the size
and resources of the community. The fees of the service are usually set by the
assembly, and only in some countries they are approved by a regulatory au-

thority (e.g. Costa Rica). This leads to different types of governance problems.

8For example, in Ecuador the monthly water fee is calculated taking into account the
number of days (mingas) worked for the organization.
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For example, many communities set the prices too low and/or there is a high
percentage of users that do not pay for the service, which results in difficulties
to finance the infrastructures and might call for extra payments from the users.
Other management constraints faced by the communal organizations include
the lack of property rights over the water sources or the land containing the
water sources, the high electricity costs to pump the water, inadequate treat-
ment of the water and lack of training of the personnel running the service.
Notwithstanding these problems, in the last years the communal organizations
have made important progress to improve their governance. Many of them take
part in national and international associations with the objective of coordinat-
ing their activities. Among other things, these associations purchase untreated
water, chemicals and equipment, distribute technical guides or provide train-
ing and legal advice. For instance, in Colombia associations like AQUACOL
and AMAC have been quite successful in increasing the quality of the water
(Smits et al. 2012); in Bolivia, associations like ASICA SUR (in the region
of Cochabamba) buy water to the municipal water firm and deliver it in bulk

9 Some organizations have also coordinated

to the communal organizations.
among themselves to manage the hydric resources of their geographical region

or to act as lobby groups vis-a-vis the local or regional authorities.

4 The case of Peru

4.1 Regulatory changes and current organization of the

water sector

In line with the reforms undertaken across Latin American countries, in the
last decades the water sector in Peru has undergone a number of regulatory
changes that have shaped its current organization. The first important set of
reforms took place in the early 1990s when the government of Alberto Fujimori
initiated the decentralization of the management of water systems. Several
subsidiaries and operational units of the state-owned firm SENAPA (Servicio
Nacional de Abastecimiento de Agua Potable y Alcantarillado) were trans-

ferred to the regional and local authorities.!’ In 1993, local governments were

9National associations are also important in Honduras (AHJASA), El Salvador (AN-
DAR), Costa Rica (ASADAS), and exist in countries like Guatemala, Panama or Peru.
Decreto legislativo No 574 y No 601
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made responsible for managing and regulating the water and sewerage sys-

tems,!!

and in 1994 the government approved a new law for the sector, Ley
General de Servicios de Saneamiento (LGS),'? which defined the new roles of all
firms and participating institutions in the sector and created a national regula-
tor called Superintendencia Nacional de Servicios de Saneamiento (SUNASS).
The regulator was initially in charge of supervising the investment plans and
the operation of the service across the country, assessing the performance of
the operators and approving the fees, but in later reforms its mission was re-
stricted to the supervision of the public firms in urban areas. The government
also created new institutions to finance the investments and launched invest-
ment projects such as the Programa Nacional de Agua Potable (PRONAP)
whose objective was to expand the coverage of the service.?

The LGS succeeded in improving the efficiency of urban water operators.
It transformed 44 large municipal firms into societies called Entidades Presta-
doras de Servicios (EPS). Today these firms belong to the provinces or the
municipalities and manage the water and sewerage services in the urban areas
of the municipalities. The only exception is the Lima’s operator, SEDAPAL,
that remained under the control of the central government. The LGS also
established that in each municipality the administrative sub-units called pop-
ulation units with less than 2,000 inhabitants (that is, the population units
classified as rural)'! the service had to be operated by JASS (Juntas Admin-
istradoras de Servicios de Saneamiento).'> The JASS were expected to also set
the prices and maintain the infrastructures. However, at the time these legisla-
tive changes had little effect, especially in rural areas, because they were not
enforced (Castillo, 2001). Another problem regarding the water investments
made in rural areas in the 1990s was that the projects were not designed in ac-

cordance to the actual needs and views of the affected population and the local

"Ley Orgénica de Municipalidades. Ley No 27972.

2Ley General de Servicios de Saneamiento (No. 26338) of 1994 and the Reglamento D.S.
24-94-PRES.

13See Tamayo et al. (2000) for a detailed analysis of this period.

4 Peruvian municipalities are divided in smaller administrative units called population
units (centros poblados). According to a criteria of size and geographical dispersion these
units are classified as rural or urban. In particular, the Plan National de Saneamiento 2006-
2015 defines rural units as those with less than 2,000 inhabitants and which are not the
capital of the municipality. There are 734 urban units that concentrate around the 70% of
the Peruvian population (496 units have between 2,001 and 10,000 inhabitants) and 85,138
rural units that concentrate the rest of the population (about 8 million inhabitants).

15Before that, the responsibility of providing the service in the rural areas belonged to the
Health Ministery (MINSA).
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authorities. Moreover, they did not take into account that the new equipment
would have to be operated and maintained by the local communities. Some
infrastructures were never used because nobody in the community was able to
operate them, and soon deteriorated due to the lack of maintenance (Castillo
and Vera, 1998; Solto, 1999; Bodero, 2003; and MVCS, 2003; Calderon, 2004).

The second important regulatory period occurred in the mid-2000s when a
different approach was adopted in the rural areas. This involved the delegation
to the JASS of the construction and operation of the water systems, and more
responsibilities to the regional and local authorities to supervise these commu-
nal organizations. In 2002, the new government of Alejandro Toledo created
the Ministerio de Vivienda, Construccién y Saneamiento (MVCS), which is at
present the department responsible in Peru for the water policy, and in 2003
the Ley Orgénica de Municipalidades (LOM) established that provincial and
local authorities were ultimately responsible for managing, regulating and su-
pervising the provision of the water and sanitation services.'® In some rural
areas, the lack of economic resources of some municipalities made it difficult
to attain these goals, and so in 2005 the MVCS modified the water regulation
and set the JASS responsible in rural population units for the delivery of the
water services. This reform had important consequences because it introduced
the dual provision system that is present today: in the urban areas of the
municipalities the provision of the service is to be carried out by EPS and
regulated by SUNASS while in the rural population units the service is to be
operated by JASS and supervised by the local and regional authorities.

More precisely, the current organization of the water service in Peru is
as follows. In the urban population units, the majority of households are
either served by an EPS or by the local government that is, there is public
provision. There are 54 EPS supplying the service to around 60% of the
country’s population whereas local governments provide the service in more
than 220 small cities not covered by EPS, which represent 9% of the country’s
population. Privatization has a very limited presence in Peru. In 2005, some
municipalities in the Department of Tumbes privatized the water service but
this policy has not been extended to other departments partly due to the

opposition of the population and the concerns on the governance problems

16The LOM 2003 (Ley 27972) does not clarify how local governments can assist the JASS
in their activities, but municipalities must supervise, give technical assistance and help the
expansion of the water infrastructure.
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associated with privatization.!” Finally, some households in urban areas obtain
water from private wells, communal organizations, or from small scale local
operators that might supply water through tankers, barrels, small networks
and other systems. The reason for these alternative providers is that EPS do
not cover all their territories and some households can not afford the prices.
The fees set by these alternative providers are not regulated and usually the
service does not follow any quality control (MVCS, 2007).

In the rural population units, the JASS constitute approximately 85.5% of
all the organizations providing the water service that is, there is communal
provision. The JASS operate and maintain the water systems, set the fees,
construct and supervise the creation of new projects. In the rest of cases,
local governments take care of the service (Rojas, et. al 1999, and Calderon,
2004).18

Most of the support offered to rural communities is channelled through
investment institutions. In 2003, the MVCS created PRONASAR (Programa
Nacional de Agua y Saneamiento), a program that financed and coordinated
the creation and rehabilitation of water systems.!'” The communities had to
propose projects to PRONASAR which then selected the projects taking into
account their efficiency, equity and the needs of the communities. An impor-
tant characteristic of this program was that it promoted the participation of
rural organizations and local governments in the design and development of
the projects.?? It also gave training to the JASS and technical assistance to the

municipalities. In 2012 the Programa Nacional de Saneamiento Rural (PNSR)

17The first attempts to privatize public firms like SEDEPAL occurred in 1995 Tamayo et
al. (2000). Yet, the first private concession was signed in 2005 in the Department of Tumbes.
The winner of the tender (Aguas de Tumbes) received a concession for 30 years, and was
committed to make investments to reach some expansion and quality objectives (increase
coverage from 56% to 95% in 5 years, and increase service continuity from 7.3 hours to 23.5
hours). This had to be compensated by an increase in fees. However, failure to meet the
expansion objectives led the owners of the firm to sell it to Aguas de Manizales de Colombia
in 2011 (Salinas, 2013 ).

8 There are also some small rural population units that are not attended by either local
governments or formal communal organizations.

1YPRONASAR was partly financed by the World Bank. More generally, an important part
of the resources used in rural areas come from international cooperation organizations like
the Agencia Suiza para el Desarrollo y la Cooperacion (COSUDE), the Canadian cooperation
(ACDI), the PAS-World-Bank, or the Agencia Interamericana de Desarrollo (AID).

20 Community members participated actively in many aspects related to the planning of
their water systems, such as the site of the project, the fees or the choice of technology.
Projects gave women a more important role in the decision-making process, and required
households to pay all of the operation and maintenance cost and at least a part of capital
costs (Sara and Katz, 1997; Whittington et al., 1998 and 2009).
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replaced PRONASAR. The general objective of this program is to increase
access to water and sanitation services for the population living in rural areas
and to improve the sustainability of water systems. PNSR has focussed in
communities with high needs and high prevalence of water related diseases in
children under five. It gives priority to the rehabilitation of water systems,
the training of the JASS and the health education of the population. In rural
areas, PNSR implements the so-called Project Cycle which involves a three-
stage process. First, it promotes the creation of a JASS and a supporting unit
in the local government (Area Tecnica Municipal or ATM). If the JASS al-
ready exists, the program initiates its legal recognition. Second, the members
of the JASS are trained. And finally, the JASS undertakes the management,
operation and maintenance of the service with the supervision and assistance

of the ATM.?!

4.2 The Juntas Administradoras de Servicios de Saneamiento
(JASS)

4.2.1 Legal structure and general aspects

The JASS are civil associations that manage the water and/or sanitation ser-
vices in many rural and peri-urban areas of Peru. They were first legally
recognized in the Ley General de Servicios de Saneamiento of 1994 which also
established that in rural population units of less than 2,000 inhabitants the
provision of water services had to be organized by communal action. However,
it was not until 2003, with the Ley Organica de Municipalidades, that this
measure was detailed out and enforced. The Ley Organica de Municipalidades
urged local authorities to promote the creation of JASS and supervise the
provision of public services. Municipalities also had to give financial and tech-
nical support to the JASS according to their possibilities, and resolve disputes
among their members. The JASS, in turn, had the obligation to be legally

registered and were set responsible for running the water service in rural pop-

2IPRONASAR and PNSR have been complemented by other programs. For example, in
2006, the government of Alan Garcia declared an emergency situation in the water sector and
approved a plan to expand the networks and improve the quality of the water. In 2007 the
government approved Programa Agua Para Todos (PAPT), a program aimed at facilitating
access to the service to the most vulnerable population in the country. This program has
transferred an important amount of resources to local and regional authorities and to the
EPS for the construction and rehabilitation of water and sewage infrastructures.
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ulation units, maintaining the infrastructures and supervising the construction
of new ones, setting household fees and penalizing the users that did not meet
their obligations. In 2010 the government passed a new law that regulated the
JASS.?? Tts main purpose was to establish the process to elect and renew their
representatives and to guarantee the transparency and accountability of these
organizations.

The institutional structure of the JASS consists of a general delegate as-
sembly, a management board and a supervisory board that has veto power
over the management board. The assembly is composed of all the members of
the organization. It approves the statutes of the organization, its rules, and
the board. It also chooses the supervisory board. Every year the assembly
has to approve the work plan, the annual budget, and the household fees.
The management board must include at least five people (President, Secre-
tary, Treasurer, and two additional chairs) and it is in charge of managing
the water system. There is no specific regulation that explains which are the
technical and financial activities that the board must undertake, but it usually
proposes the household fees, bills the water, collects the payments, establishes
a penalty system, elaborates the annual budget and the work plan. Regard-
ing the infrastructure, it supervises the installation of household connections,
standpipes, sewerage and sanitary latrines. Finally it also represents the or-
ganization vis-a-vis national agencies (such as SUNASS , the municipalities
or health centres) and international bodies (NGOs, World Bank and others).
The members of the JASS have the right to use the water services and be part
of the management board or the supervisory board. In return, they must pay
a household fee and participate in the construction, rehabilitation and main-
tenance of the infrastructures. Each family is also responsible for maintaining
its own connection. The families that do not participate in the community
activities need to pay additional fees.

The JASS face several economic difficulties and limitations, which is to be
expected given that they are usually the water provider in rural and remote
communities that are too poor to have a public water system. This partly
explains why the fees charged by the JASS tend to be lower than those charged

by public firms, and why many families do not pay for the water service.?

22Gee Resolucién Ministerial No 205-2010-Vivienda and Resolucién Ministerial No 207-
2010-Vivienda

23Tt is estimated that half of the rural households do not pay for water services Enaho
(2011).

65



When the revenues collected do not cover the operating and maintenance costs,
the JASS need to ask their members for additional payments or collective
works, and in many cases this is still not enough to finance their activities,
hire qualified staff and buy materials. Moreover, the lack of resources limits
the ability of the JASS to implement subsidization schemes to help low-income
households.

Some JASS receive external training, especially those that participate in
projects financed by PNSR or international donors, but many others do not
receive any support. As a result, a number of JASS lack technical protocols
to treat the water and often the chemicals needed are not affordable by the
community and must be supplied by the public administration. Also, rural
communities have very little access to education on how to improve the health

24 Finally, it is worthwhile mentioning that some

habits of the population.
JASS have created second-tier associations, such as the Asociaciones de Juntas
Administradoras (AJASS), that seek to strengthen the representativeness of
their members in public and private agencies, provide training and centralize
the procurement of inputs in higher amounts as to decrease operating costs

(Pou and Campos, 2001).?°

4.2.2 Explaining the presence of the JASS

As explained above after the legislative changes introduced in the 1990s and
2000s, the JASS became the designated organizations to provide the water
services in the rural areas (or rural population units) of Peruvian municipalities
while the urban population units were to be served by public systems. In
practice both types of provision, communal and public, are still present in
rural and urban population units. However, the JASS and other types of
communal provision are much more prevalent in rural population units.

The existence of communal water systems is also related to the difficul-
ties of public authorities to set up and manage the water service themselves.

Often, municipalities lack the financial and the appropriate technical and hu-

24In spite of this, Calzada and Iranzo (2014) find that in rural communities the children
that access the service through the JASS are less likely to suffer from water-related diseases
than those that obtain water from public systems. This suggest that rural communities
might be more effective in managing the service than local public administrations that
might also face economic difficulties and have a reduced presence in the community.

25 A small group of JASS has created a national association called Red Agua Segura that
offers training to the communal workers (www.gestoresdeaguasegura.org).
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man resources to run the service. Moreover, in small and remote communities
the provision of water can also be technically challenging and financially very
costly because economies of scale cannot be exploited. Thus, the JASS become
the default water provision system in poor and remote municipalities.

Another important determinant of the JASS has to do with the history
of Peru and other Andean countries. The JASS find their historical roots in
the Minka tradition of communal work used during the pre-Columbian Inca
civilization to build roads and public buildings, as well as in some agricultural
activities. As descendants of the Incas, the ethnic group of the Quechuas has
maintained the tradition of communal work. Hence, we would expect the JASS
to be more prevalent in municipalities with a large presence of Quechua pop-
ulation. Related to this, the literature on collective action points out another
potential explanatory factor for the emergence of communal organizations: the
cultural and ethnic composition of the communities. It has been argued that
the creation and viability of such organizations and the provision of certain
public services are more likely in more homogeneous communities. For in-
stance, Barnerjee et al. (2008) argue that some important characteristics of
the community for collective action are the shares of different ethnic groups,
social heterogeneity and income inequality. Several papers have empirically
analysed the relevance of social composition in the provision of public goods.
Miguel and Gugerty (2005) consider the effect of ethnic heterogeneity on school
spending in western Kenya, obtaining a negative effect of ethnic heterogeneity
on public spending on schools, maintenance and per pupil availability of desks
and textbooks. For India, Barnerjee and Somanathan (2007) find that stan-
dard measure of ethno-linguistic fragmentation applied to caste and religious
divisions was negatively related to access to several public goods in the early
1970s.2°

We use simple regression analysis to assess the importance of the above de-
terminants in explaining the access to water of Peruvian households through
communal organizations. The data come from the ENDES Survey (Encuesta
Demogrifica y de Salud Familiar) which is a detailed, nationally representative
survey at the household level elaborated by the Peruvian Statistical Institute
that every year interviews thousands of households in Peru. We use the years
between 2006 and 2010, that include over 50,000 observations. Among others,

20For other related work, see also Alesina and La Ferrara (2000), Barnerjee et al. (2008),
Alesina et al. (2012) or Glennerster et al (2013).
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the survey contains information about the type of water provider, charac-
teristics of the service (payments, water availability, etc.) as well as several
variables describing the living conditions, health and socio-demographic char-
acteristics of the households. In the pooled sample for 2006-2010, almost 50%
of the households reported obtaining the water from a public operator, 44%
from a communal organization (JASS and others), 3.6% from a private oper-
ator, and about 2% from another type of private firm. As private provision
accounts for a very small percentage of households and they are geographically
concentrated in one region (Tumbes) we do not consider it here. We estimate

the following empirical model:

Communalpm: = o + Xy .+ 05 + 1, + €nmt, (1)
where h indexes the household, m the municipality and ¢ the year. The variable
Communalp,, is a dummy that takes value 1 if the household obtains the water
from a JASS (or another communal organization) and 0 if it obtains it from a
public system (that is, a public firm or a local government); X,,,; denotes the
different explanatory variables we consider. In all the regressions we include
region and year fixed effects, 0, and 7, respectively, to control for unobserved

heterogeneity across regions and years. Finally, €., is the error term.

Table 2: Explaining the presence of communal organizations
Dependent variable: Water obtained from a JASS or another communal organization

Explanatory variables: () (1) (11 (IV) V) 1) [Vl [V
0.533g™

Rural population unit 05371

(0.0235)
Per capita professional personnel in municipality

Altitute (in meters)

First Inca period

Second Inca period

Third Inca penod

Fourth Inca period

Share of Quechuas in municipality
Lang. homegeneity —incl. Spanish

Lang. homegeneity —excl. Spanish

(0.0233)

-10.4825*

(4.6365)
0.0001*™*
(0.0000)

0.2854**
(0.0957)
0.2554**
(0.0806)
0.5153**
(0.0742)
0.2447
(0.1304)

0.7168*
(0.0704)

-0.0378
(0.1630)
0.3575™

(0.0943)
Lang homogeneity —excl. Spanish, weighted by 0.7966***
non-Spanish share (0.0614)
Region Fixed Effects YES YES YES YES YES YES YES YES
Year Fixed Effects YES YES YES YES YES YES YES YES

Observations
R-squared

53,404
0.309

53,140
0.310

53,404
0.144

53,292
0.141

53,268
0173

53,268
0.130

53,114
0.140

53,114
0.190

Notes: Robust standard errors in parentheses clustered by municipality, *** p<0.01, ** p<0.05, * p=0.1

Data from ENDES 2008-2010; unit of analysis: household.

See the text for adetailed description of the dependent and explanatory variables

Estimation results are reported in Table 2. Column I shows that house-

holds in rural population units, (sub-units of municipalities classified as rural)
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are more likely to be served by communal organizations. The point estimate,
which is clearly statistically significant, suggests they are 54 percentage points
more likely to have communal provision than households in urban population
units. As indicated by the R-squared of the regression, together with the re-
gion and time fixed effects this variable explains 31% of the variability in the
type of water provision across households. As apparent in the other models,
out of all the explanatory variables examined, the administrative classification
of population units as rural or urban is the best predictor for communal wa-
ter provision.?” This result is in line with the legislative changes of the 2000s
that effectively set the JASS responsible for the provision of water in rural
population units. The management of a water system also requires qualified
personnel and so the municipalities that do not have the appropriate technical
personnel should be less likely to directly organize the provision of the ser-
vice. To test this, on Column IT we add the per capita professional personnel
of the municipality (that is, the personnel classified as either "professional"
or "technical")?® which is indeed negatively and significantly correlated with
the probability of communal provision. However, this variable increases only
slightly the overall explanatory capacity of the model. In order to capture
the costs of remoteness, on Column III in Table 2 we consider the altitude
of the municipality (in meters). Although the coefficient is small in magni-
tude, households located at higher altitudes are more likely to have communal
provision.

We use two proxy variables to assess the importance of the Minka tradition
of communal work: the share of Quechuas in the municipality total population
and a set of dummy variables reflecting the historical settlements of Incas
in Peru.?? The Inca Empire emerged in the Andean region in the XV and
XVI centuries. Its geographical expansion was initiated in the Cuzco region
around 1438, and continued until 1534 when the Spanish troops of Francisco

Pizarro entered Cuzco and completed the conquest of Peru (Espinoza, 1997).

27 A simple model with just region and fixed effects explains 13% of the variability. Thus
the contribution of the classification of population units in the overall explanatory power of
the model is considerable.

28This variable is obtained from the National Registration of Municipalidades (RENAMU)
which contains information about the employees and the equipments of the Peruvian mu-
nicipalities.

29Notice that in addition to reflecting the importance of the Minka tradition, the share
of Quechuas could be capturing other cultural aspects associated to communal provision.
Thus, it is important to use a more direct proxy reflecting the historical roots of communal
work.
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During this time we can identify four phases in the expansion of the Inca
Empire which are used to approximate the period of time in which each region
was under the influence of the Inca traditions and norms: (1) Pachacutec
(1438-1471); (2) Tupac Inca (1463-1471); (3) Tupac Inca (1471-1493); and (4)
Huayna Capac (1493-1523). We created four dummy variables that indicate
whether the municipality in question lies within an area dominated by the Incas
during each of those four periods. As observed in Column IV households in
areas of historical Inca dominance (particularly those of the Tupac Inca period)
are more likely to have communal water provision than those that were never
under the Inca rule. Likewise, the proportion of Quechuas in the municipality
is a significant predictor of the presence of communal water organizations — see
Column V. Thus, the link between these organizations and the Minka tradition
is also confirmed.

Finally, we explore the role of linguistic homogeneity in explaining the pres-
ence of communal water organizations. Besides Spanish (the most commonly
used language in the country), there are a number of native languages spoken
in Peru, including Quechua (the most important among the indigenous lan-
guages), Aymara and Ashaninka. The Census of Peru provides information

30 We computed the Hirshmann

on the languages spoken in each municipality.
-Herfindahl index to measure the linguistic concentration in each municipality.
Column VI on Table 2 shows that the coefficient on this linguistic homogeneity
index is not significant, which can be a consequence of the dominance of Span-
ish as the main language in many municipalities. Indeed, this index mirrors
the concentration of Spanish-speaking population across municipalities. As
an alternative, we compute a linguistic concentration index for all languages
except Spanish3! (column VII) and weight it with the share of non-Spanish
speaking population in the municipality (column VIII). As observed, the ex-
istence of communal water systems is positively and significantly correlated
with the non-Spanish linguistic homogeneity of the municipality (see column
VII) particularly when this is weighted by the share of non-Spanish speaking
population in the municipality (see column VIII).

To sum up, the regression analysis conducted shows that the presence of a

30There is a wide dispersion in the usage of indigenous languages across municipalities.
For example, the percentage of people speaking Quechua or Aymara ranges from zero to
close to 100% in some municipalities.

31'We calculate the shares of each language with respect to the overall non-Spanish speaking
population and compute the Herfindahl concentration index accordingly.
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JASS in an area is associated with its geo-demographic and cultural character-
istics, and importantly to the regulatory setting. JASS are prevalent in small
and less dense areas of the municipalities (the rural population units) and in
municipalities with less technical and economic resources. We also confirm the
hypothesis that cultural and historical factors, measured by the concentration
of Quechuas and the historical settlements of Incas, are important determi-

nants of communal organizations.

4.2.3 Performance and sustainability of the JASS

Despite their importance, there is a lack of studies assessing the efficiency and
performance of the JASS and other communal organizations in Peru. There
are some studies analysing the quality of drinking water and the performance
of the water systems in rural areas in Peru but they do not consider this

32" Yet, in order to design adequate policies, it is essential

type of provision.
to know how well communal organizations do in providing water services. In
this section, we present some analysis comparing the performance of commu-
nal organizations versus public water systems along several dimensions of the
service. Using the household data from ENDES described above, we estimate

the following empirical model:

Pl = a+ B.Communalp; + Xipmey + 0r + 1y + €ne (2)

where PI; is a performance indicator at the household level h; Communaly,
is a dummy variable that takes value 1 if the household has access to water
through a communal organization and 0 if it is through public provision; X,
is a vector of controls that includes individual characteristics of the person i
living in the household, characteristics of the household h and some controls at
the municipality level; 4, and 7, are region and year fixed effects respectively,
and €p; is a disturbance term. Regarding the individual characteristics we

control for the educational level, age and ethnicity. Among the controls at the

32For example, CEPIS (1999) analyzed 80 systems located in rural areas of Peru and
found that only 37.5% of them were performing chlorination treatments and that 63% of
the systems presented a high health risk. More recently, Miranda et al. (2010) shows that
only 0.5% of the children in rural households drink water treated with chlorine, compared
to 24.2% of the children in urban areas, and DHS (2011) finds that only 0.6% of households
in rural areas use water with a suitable dose of chlorine. Moreover, only 4.9% of children in
rural areas have access to water with absence of coliforms and E. coli, whereas this percentage
is 44.4% for children living in urban areas.
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household level we include the income level, assets (whether it has electricity,
fridge, vehicle, shared toilet, etc.), the number of household members and,
in most models, we also control for the source of water. That is, whether the
water used by the household comes from a pipeline inside or outside the house,
a public tap, a well inside the house or a public well, a water spring, a river or
lake, whether it is rain water, bottled water or others. Finally, we control for
the population and the per capita professional personnel of the municipality.
The performance indicators we examine are the following: the household
average monthly water payments, the per capita average water payments, ac-
cess to piped water (either inside or outside the house), 24-hour availability of
water, water storage and time to collect water. The first two indicators give
an idea of the affordability of the system and should be correlated to coverage
rates. The other indicators are (more or less direct) measures of water quality
and quality of the service. For example, piped water is considered to be safer
than other sources of water such as wells or public taps because it is usually
treated. Similarly, the storage of water is related to water quality not only
because pathogens tend to develop in stored water but also because often the
containers used to store water are contaminated. Finally, 24-hour availability
and time to collect water are both indicators of service quality as it is more
convenient to have uninterrupted and easily access to water. Moreover, unin-
terrupted access to water fosters the use of water for hygienic purposes, which

might have additional positive effects.

Table 3: Performance indicators of the water service

Dependent variable:  Water Bill Per capita Water Bill Piped Water Water 24h  Store Water Time to Collect Water
m an {m V) ) VI

Communal provision -6.8450™* -1.5068™* -0.1662** 0.0717/ -0.0057 0.4443™

(0.5107) (0.1468) (0.0194) (0.0215) (0.0100) (0.1946)
Mother controls YES YES YES YES YES YES
Household controls YES YES YES YES YES YES
Municipality controls YES YES YES YES YES YES
Region Fixed Effects ¥YES YES YES YES YES YES
Year Fixed Effects YES YES YES YES YES YES
R-squared 0.360 0.304 0.157 0.163 0.218 0.382
Observations 32,344 32,344 33,519 24,050 24 968 31,896
Notes: Robust standard errors in parentheses clustered by municipality, *** p<0.01, ** p<0.05, * p<0.1

Data from ENDES 2006-2010; unit of analysis: household.
See the text for adetailed description of the dependent variables and the controls.

Table 3 reports the estimation results. Columns I and II show that house-
holds served by JASS pay on average lower monthly bills, in absolute terms
and per capita, than those served by public systems. This is partly due to

the compensation that users received for their volunteer work in the construc-
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tion, maintenance and operation of the communal systems. Lower water fees
facilitates the access to the service and so it is a positive aspect of the JASS.
However, if the revenues of the JASS are insufficient to pay for the operating
and infrastructure costs, low fees might also contribute to the deterioration of
rural water systems.?> Column III shows that access to piped water, whether
inside or outside of the home, is less common for households served by com-
munal organizations than it is for households served by public systems, and
this correlation is statistically significant. This is not surprising given that the
JASS usually lack the financial resources to build and maintain the pipeline
network. By contrast, communal provision is positively associated to unin-
terrupted service (column IV). This might have positive implications for the
health of the population since a continuos service encourages a higher use of
water and reduces storage. Indeed, column V confirms that JASS users tend
to store water less, although the coefficient fails to be statistically significant.
Finally, Column VI shows that JASS users spend more time to collect water,
which is consistent with the lower access to piped water in these organizations.

All in all, this analysis suggests that despite the economic difficulties faced
by the JASS these organizations are still capable of providing water services
to populations that would otherwise not be attended by public (or private)
systems. Moreover, the crude quality measures examined here suggest that
they do so at reasonable standards.>* Thus, it seems as if the JASS are com-
pensating for their financial and technical deficits with the volunteer work of
their members, higher knowledge of the actual needs of the community and
increased incentives to provide a safe water service.

Another essential aspect in the design of any water policy is the sustain-
ability of the water systems. A system is considered to be sustainable if the
infrastructures last at least 25 years.>®> The Peruvian government and several
international institutions have developed a number of pilot projects to analyse

36

the sustainability of rural water systems. With respect to earlier ones,”® recent

33In a study examining water projects in 400 communities in Bolivia, Peru, and Ghana,
Whittington et al. (2009) find that the fixed monthly fees charged to households was very
modest, and that less than half of the communities could recover costs through the fees.

34In a more exhaustive study, Calzada and Iranzo (2015) also find that communal water
provision in Peru results in improved child health outcomes.

35 According to MVCS (2003), this requires an adequate design of the facilities; the pro-
motion of healthy habits in the population; the environmental protection of the hydric
resources; and the supervision of the systems to guarantee their maintenance of the facilities
and the participation of the community.

36In 1999, a study by the Water and Sanitation Program of the World Bank (WSP)
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studies report an improvement in the sustainability of the systems, although
results are sensitive to the particular definition of sustainability used and the
systems analysed. Whittington et al. (2009) analyse a group of rural communal
organizations and conclude that many of them have succeeded in maintaining
their system under acceptable conditions. However, they argue that most of
their efforts are devoted to repairing, rather than maintaining, the systems.
MVCS (2011) reports that only 30% of the systems are economically sustain-
able, 40% are in deficit and in the remaining 30% users do not pay for the
service. Finally, ENDES (2011) explains that one of the reasons for the lack
of sustainability of water systems is that less than 60% of them are managed
by a JASS and only 14% of them have a member that had received some
training to operate the system. The deterioration of water infrastructures is
also explained by the lack of involvement of the community in public projects
(MVCS, 2006) which altogether suggests that communal water organizations

can also help to the sustainability of the systems.

4.3 New management systems in rural areas

In the last years, new management systems have been introduced in some
parts of Peru to intensify the supervision of local communities and the use of
specialized personnel to operate and maintain the water systems. After a sus-
tainability study carried out in the region of Cuzco, agencies called Sanitation
Offices (Oficinas de Saneamiento) were created in a number of municipalities
in the region with the objective of giving technical support and training to
the JASS. Most municipalities contracted personnel to run these offices and
endowed them with financial resources. In Cuzco, these agencies give support
to 105 JASS. The success of this experience has stimulated the creation of
similar agencies in other regions, although some municipalities are reluctant
to devote resources to them.

Another innovative project was developed in 2003 by the MVCS in collab-
oration with the Water and Sanitation Program (WSP) of the World Bank

showed that only 31.7% of rural systems were sustainable, while 22.1% and 1.9% were very
deteriorated or had collapsed respectively. These results were later confirmed in 2003 in re-
search undertaken by the MVCS in preparation for the program PRONASAR. The program
PROPILAS, that replaced PRONASAR, examined the sustainability of water services in
five provincial municipalities (Cutervo, Hualgayoc, Jaén, San Marcos and San Pablo ) be-
tween 2006 and 2008 and showed that in most municipalities the percentage of sustainable
systems was less than 1 %.
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and financial support from the Canadian International Development Agency
(CIDA). They implemented a pilot project called Proyecto Piloto Pequenas
Localidades (PPPL). The key aspect of this project was the introduction of
specialized operators (Operadores Especializados, OE), small private or mixed
operators that are in charge of maintaining and operating the water system.
They obtain the concession from a tender and usually are managed by people
in the local community. The project was initially carried out in 9 small munic-
ipalities; 5 of which opted for a regional private operator, 3 chose a mixed local
firm and one opted for a national private operator (WSP, 2007). The project
favours the coordination between the municipality, the community association
(Junta Vecinal de Vigilancia del Agua) and the OE. The municipality is the
owner of the infrastructure and sets the fees and the coverage of the service
with the agreement of the community. The community association informs
about the project, channels the claims of the users, supervises the operation of
the OE, monitors bill collection and runs health and hygiene programs, all this
with the assistance of the municipality. An interesting characteristic of this
project is that the OE has to offer the community a menu of different rates
and qualities (household connections, standpipes, types of treatments for the
water, characteristic of the sewerage system, etc.) and then the community
chooses one option according to the needs and financial resources.

Finally, the governance problems of the JASS have led some communities
to create alternative water organizations. For example, in 1997 the inhabitants
of the municipality El Ingenio (in the region of Ica) left the JASS and created
a users’ association which adopted a new management system agreed upon by
all the users.

The evaluation of these new management models, particularly the special-
ized operators, shows positive results in terms of coverage of water and sani-
tation services, continuity of the service, and payments (WSP, 2008). Hence,
PNSR is now extending the management system based on specialized opera-
tors to other small towns. In the years to come it will be interesting to assess

in detail the performance of this alternative management model.

5 Conclusions

Communal water organizations are prevalent across countries in Latin America

and constitute the default type of provision in poor and disperse rural commu-
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nities in which local governments lack the necessary economic and technical
resources to provide the service. In Peru most of these organizations take the
form of Juntas Administradoras de Servicios de Saneamiento ( or JASS). After
a process of administrative and political decentralization, in the early 2000s
the Peruvian government transferred to the JASS the responsibility of plan-
ning, constructing and operating the water systems in rural areas. This meant
the acceptance and legal recognition of this type of provision system that had
been informally used in the country for decades.

In this chapter we show that the presence of JASS and other communal
organizations in Peru is related to the ethnic and socioeconomic characteristics
of the municipalities, and particularly to the influence of the Minka tradition
of communal work dating back to the Inca civilization. Communal water
organizations are more likely in municipalities with a large percentage of the
ethnic group of Quechuas and in areas where the Inca settlements used to
be. The JASS also tend to be the provision system in municipalities with
fewer technical and professional resources capable of operating the service and,
due to the regulatory changes introduced in the 1990s and 2000s, they are
also prevalent in the rural areas of the municipalities, in the so-called rural
population units.

Based on the empirical analysis conducted here, Peruvian communal water
organizations do not appear to perform significantly worse than the public
systems. First, the fees charged by the JASS are lower than those set by public
firms or local governments, which facilitates the access to water of groups of
the population that would hardly be served by public or private providers
otherwise. As a downside, the fees charged by the JASS do not always cover
the costs of operation and maintenance of water systems, and in some instances
these infrastructures get deteriorated. Second, although access to piped water
is less common in the JASS, the quality of the water service, at least based on
the indicators examined here, does not seem to suffer significantly. Communal
systems offer more uninterrupted service and the storage of water is lower than
in the case of households served by public operators and local governments.
Thus, the JASS seem to be compensating for the lack of financial and technical
resources with the volunteer work of their members, their higher incentives to
provide safe water and their higher knowledge of the needs of the community.
All in all, the analysis of the Peruvian experience suggests that despite the

limitations of the communal organizations, they might be a cost-effective way
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to provide water services in rural regions of developing countries.

The challenge for the next years is to develop management models to com-
plement the work of the JASS and help them improve their performance. For
example, institutions like the Oficinas de Agua that give training and technical
support can help the JASS in maintaining the water infrastructures. Another
way to improve the performance of the water service in rural communities is
by means of specialized private operators that can run the water system under
the supervision of the local community. The key element of this model is that
the local communities keep the ownership of the infrastructures as well as the
supervision of the service so that it is not perceived as the sector has been
privatized, while the service is operated by a specialized firm. In the years to
come it will be interesting to also assess the performance of these alternative

management models.
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Chapter IV: LPG Cook Stoves in Peru: Eval-
uation of the FISE Program!

1 Introduction

An important part of the world population does not have access to modern
energy sources. 1.26 billion people are still without access to electricity and
more than twice as many people use biomass for cooking (Bonjour et al.,
2013).? This situation creates a major health problem in developing countries
since pollutants emitted by traditional solid fuels in inefficient stoves generate
Indoor Air Pollution (IAP), which is a major factor of premature deaths (Bruce
et al.,2000; Lim et al., 2012; and WHO, 2006a). According to WHO (2005),
19% of mortality in infants under 5 years is caused by Acute Respiratory
Infections (ARI), which is the second cause of infant mortality worldwide. In
Peru, around 6.4 million people do not use modern and clean energy sources
to cook. More than 50% of households in the rural areas usually use kerosene,
wood or charcoal for cooking. As a consequence, lower respiratory infections
are the leading cause of morbidity and mortality in children under 5 years:
2,355 children under age 5 die every year because of these infections, which
represents 15.52% of total mortality in children (Global Burden of Disease,
2010).

The recognition of this health problem has led several international organi-
zations and national authorities in many developing countries to dedicate part
of their efforts to the replacement of traditional wood stoves for more efficient
and healthy ones. Organizations such as Global Alliance for Clean Cookstoves
(GACC), the World Bank or the EnDev Project (Energising Development) are
funding programs to promote the use of clean kitchens in developing countries.
Most of these programs are for African and Asian countries, but there are also
projects in Latin American countries like Bolivia or Peru. Many programs have
also been developed at the national level. For example, in India, the National
Biomass Cook stoves Program was initiated in 2009 with the objective of pro-

viding 160 million households with improved cook stoves (ICS) that use solid

1JoaN CALZADA AND ALEX SANZ

2Elias et al. (2005) show that 90% of the energy use of poor households in develop-
ing countries is due to cooking. The main reasons for this are the households’ cultural
and socioeconomic characteristics, availability of fuels, environmental characteristics of the
kitchens and governmental policies. See also Leach (1992) and Masera et al. (2000).
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fuels (Venkatamaran et al. 2010). In Guatemala, the Ministry of Energy and
Mines in the Mines Energy Policy 2013-2027 aims to install 100,000 healthier
cook stoves in the country (GACC, 2014b). The objective of this chapter is
to evaluate the FISE (Fondo de Inclusién Social Energético) program in Peru,
which is a public program that tries to replace traditional stoves for LPG stoves
in the poor households and municipalities of the country. In this chapter we
describe the main characteristics of the program and examine its effects.

In 2012 the Government of Peru created the “Fondo de Inclusién Social
Energético" (FISE), which promotes the access to clean energy to the most
vulnerable population and reduces energy inequality in the country. The two
main instruments used by the FISE are the free delivery of LPG cook stoves
and the concessions of monthly vouchers for the purchase of LPG cylinders.
The households’ beneficiaries of the program can receive a voucher per month,
which reduces significantly the price of LPG. To participate in the program
households must have a consumption of less than 30 Kwh per month and an

3 To evaluate the results of

annual income lower than 18,000 nuevos soles.
the program we use a survey conducted in 2015 by OSINERGMIN (the Peru-
vian regulatory agency for the energy sector) in the municipality of Ayacucho
(Huamanga).

Our analysis shows that the use of clean energies is much more frequent
in high income households. Using data from Huamanga, we show that in the
richest quartile of the population, 28% of the households use clean fuel for
heating, while in the poorest quartile the figure drops to 7.5% of households.*
We find similar results when we examine the type of kitchen used by house-
holds. The increase of family income reduces the use of firewood cook stoves
and increases the use of LPG cook stoves. On the other hand, family income
is also related to the ratio of meals that are cooked with LPG stoves weekly.
Among the households that use LPG stoves, while the highest income quartile
cooks about 75% of the weekly meals with LPG stoves, the lowest quartile
only cooks 56% of the meals with these stoves.” This result implies that poor
households need to combine the use of LPG stoves with traditional ones, which
are more contaminant and can generate respiratory problems. This situation

would justify the use of subsidies to promote the use of clean energies by the

3Peruvian minimum wage amounts to 750 nuevos soles (250 $)
4For more results see Table 15.
5For more results see Table 17 and 18.
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most vulnerable population.

The second part of the chapter assesses the effects of the FISE program
in the beneficiary population of Ayacucho. Specifically, we examine the effect
of the program in the weekly number of meals cooked with LPG stoves, the
respiratory and cough problems of population, the use of kitchens to boil water,
and number of days that children miss school due to respiratory and water
related diseases. For this objective, we first use the information of both users
and non-users of LPG cook stoves in the municipalities surveyed to estimate a
probit model with the participation status of households as dependent variable.
We then use the estimated model to predict probabilities of participating in the
program for all households in the sample. Finally, we use these probabilities
to identify counterfactual households using matching algorithms. Specifically,
we separate the households that do not participate in the program into those
that are likely to participate taking into account their observed characteristics
and those that are not. We refer to the former as hypothetically beneficiaries
and compare them to the actual beneficiaries in Ayacucho. To do so we use
two classical matching methodologies, nearest neighbour and Kernel.

Our analysis shows that the FISE program has succeeded to increase the
use of LPG as cooking fuel, and that this increase is especially important in
the lower strata of the population. In spite of this, it seems that the price
of LPG cylinders has prevented a complete replacement of traditional stoves
for LPG ones. On the other hand, the empirical analysis does not find a di-
rect link between the reception of the voucher and a reduction of cough or
breathing problems in the beneficiary households. Moreover, vouchers do not
seem to reduce the number of days that children miss school due to respiratory
problems. A possible explanation for this result is that beneficiary households
continue to use firewood for cooking some of their meals and for heating pur-
poses. Hence, the use of LPG stoves is not enough to reduce intra-household
contamination. Another interesting result of our analysis is that the voucher
enables the use of LPG stoves to boil the water. Indeed, households might be
using LPG stoves to boil the water because it requires less time. We also find
that in households that benefit from the program children miss less schooling
days due to diarrhoeal problems.

The structure of the chapter is as follows. Section 2 offers a revision of the
literature. Section 3 reviews the main characteristics of the FISE program.

Section 4 explains the data set and the methodology applied for analysing the
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impact of the FISE program. Section 5 shows the main results of the chapter

and, finally, section 6 concludes.

2 Background

There is a wide consensus in the literature that one of the most important
determinants for the use of traditional cook stoves in developing countries is
the households’ socio-economic situation. According to the “energy ladder”
theory, households replace traditional fuels by more efficient ones when their
socio-economic situation improves (Hosier et al., 1987). More specifically, this
theory envisions a three-stage replacing process: initially poor households rely
on biomass; as their income increases they switch to “transition” fuels, such
as charcoal, coal and kerosene; finally households with a higher income move
to clean fuels, such as LP@G, electricity or natural gas. However, recent studies
have shown that households usually consume a portfolio of fuels instead of just
focusing in one type, and that they use them to perform different tasks (Barnes
and Qian, 1992; Hosier and Dowd, 1987; Hosier and Kipondya, 1993; Heltberg
2004; Heltberg 2005; Masera et al. 2000; Pachauri and Spreng, 2003). For
example, ESMAP (2003b) reports that in Brazil the increase in revenues leads
to a decrease in the use of traditional fuels, but that the complete substitution
is made only at the highest income level. Similar results are found in the use
of fuels for cooking, since many households use more than one type of fuel
(Parikh, 2011, Ruiz-Mercado et al., 2011).

Several studies have found that income is the main factor determining the
fuel used for households when cooking (Bansal et al., 2013; Heltberg, 2005;
Nlom and Karimov, 2014). Moreover, it has been found that the use of fire-
wood decreases as family income increases (Ouedraogo, 2006; Arthur et al.,
2010). In spite of this, these studies are not conclusive. For example, Arnold
et al. (2006) and Cooke et al. (2008) find that income elasticity of the demand
for firewood is not significant. Hiemstra-van der Horst and Hovorka (2008),
Brouwer and Falcao (2004), Bhagavan and Giriappa (1995) obtain that house-
holds of different economic strata use wood as fuel. Davis (1998), Campbell et
al. (2003) explain that there are low incomes households that use electricity
and LPG as fuel. Other studies have found that prices are another determinant
factor when choosing a particular fuel type. For example, Jain (2010) explains

that the price of clean fuels is a key factor for the dependence on traditional
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fuels in India.

Distance to markets is another key factor for fuel adoption. Rural and
remote towns have a high cost to access modern energy (Elias et al., 2005).
Even when the population in these areas has access to modern fuels, they might
choose not to adopt them or to combine them with other sources because they
don’t have the assets to use them or because of the high maintenance costs
(Chaurey et al. 2004). This situation induces many households to simultane-
ously use several energy sources (Barnes et al., 2005).

Education is another key factor when choosing a fuel type. Several studies
indicate a positive relationship between the educational level of the mother
in the household and the use of cleaner fuels. Heltberg (2004) analyses the
cases of Brazil, Ghana, Guatemala, India, Nepal, Nicaragua, South Africa and
Vietnam and shows that the higher the educational level of the mother is, the
higher is the probability of using modern fuels and the lower the incidence of
using solid fuels. In a different work, Pandey and Chaubal (2011) found that
the number of educated women between 10 and 50 years in the household and
the average educational level of the household have a positive and significant
impact on the likelihood of cooking with cleaner fuels in rural India.

Household size is also a relevant factor in the households’ strategy. Nnaji et
al. (2012) show that in Nigeria fuel wood is used by households with a relatively
large size. Liu et al. (2003) and Carr et al. (2005) found a direct relationship
between the household size and the use of fuelwood and explain that this can
be related with the family income and the energy demand. Heltberg (2004;
2005) shows that larger households are more likely to use a wider variety of
fuels, both non-solid and solid ones. Of course, these factors can interact with
others. For example, Narashima and Reddy (2007) and Andadari et al. (2014)
found that in India and Indonesia household spending, along with household
size and education level, affect the choice of fuel.

Finally, behavioural and cultural factors such as cooking practices, meals
taste or the time required for cooking with each stove might also affect the
households’ choice of cooking fuel (Heltberg, 2005). For example, Masera et
al. (2000) found that in rural Mexico the population continued using fuel
wood even after gaining access to modern fuels. A justification for this is that
cooking “tortilla” with LPG requires more time and tastes worse. IEA (2006)
found similar results in India where households prefer cooking bread in wood

stoves.
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Another interesting part of the literature has focused on the health benefits
of using clean fuels. WHO (2006b) explains the potential benefits for human
health and for the local environment to invest in modern fuels and improved
cook stoves. They used a cost-benefit methodology to study the effects of using
clean energies in Kenya, Sudan and Nepal and found that they have health
benefits and reduce medical costs due to reduction of days being sick both
in adults and children. Other studies have shown that modern fuels and Im-
proved Cook Stoves (ICS) minimize health risks associated with polyaromatic
hydrocarbons (PAH) (Asaduzzaman et al., 2010; Garcia-Frapolli et al., 2010).

Since the objective of this chapter is to evaluate the use of subsidies to
promote the adoption of LPG stoves in Peru, it is interesting to highlight
that most studies have found that these stoves are the cleanest and most
commercially successful (Zhang et al., 2000). There is also a recent literature
that has analysed the deployment of LPG cook stoves. Akpalu et al. (2011)
found that Ghana’s favourite fuel is LPG, especially in coastal areas. Kojima et
al. (2011) analysed data from 10 developing countries in Sub-Saharan Africa,
South Asia, Latin America and Caribbean and show that the increase of the
educational level of the population jointly with the increase in the price of
alternative fuels incentive the use of LPG as cooking fuel. Yet the high costs
associated with modern fuels, such as LPG, prevents people from fully adopting
these energies (Davis, 1998; Elias et al., 2005). Another reason that hinders
the expansion of LPG is related to the purchase system. Unlike other fuels,
such as kerosene or firewood, LPG has to be purchased in large cylinders,
which can dissuade its use, especially among poor households (Foster et al.,
2000; Leach 1992; Masera et al. 2000).

Nowadays, the governments of several countries are using subsidy schemes
to promote the expansion of LPG. Still, its use is very concentrated in urban
and peri-urban areas, where the upper and middle classes are concentrated. In
this context, subsidies may entail a regressive component. Arze del Granado
et al. (2012) analyse welfare impacts of fuel price increases in 20 countries of
Africa, Asia Middle East and Latin America, using data from IMF and World
Bank, between 2005 and 2009. They found that the LPG subsidies were largely
captured by the upper classes of society. On the other hand, Ouedraogo (2006)
analysed the factors determining urban household energy choices in Burkina
Faso. He obtained that subsidizing LPG and LPG cook stoves can significantly

decrease the use of fuel wood in urban areas.
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3 The FISE Program: implementation and char-

acteristics

The FISE program was created by the Government of Peru in 2012 with the
aim of improving access to efficient and clean energy (natural gas, solar panels,

6 One of the most

LPG) to the most vulnerable sectors of the population.
important actions taken by the program has been promoting access to LPG
stoves, by granting discount vouchers that reduce the price of LPG cylinders.
To the best of our knowledge, this strategy of enabling universal access to
LPG stoves to all the population is unique and pioneer in Latin America.
Next we explain how this project was implemented and its most prominent

characteristics.

3.1 Description of the program

In 2012, the Ministry of Energy and Mines (MINEM) of Peru approved the
Plan de Acceso Universal a la Energia 2013-2022 to meet the needs of the most
vulnerable population.” The objective of this plan is to provide universal access
to energy and to increase energy efficiency. One of the projects that have been
developed in this regard is the Fondo de Inclusién Social Energético (FISE),
which is a social energy compensation system for the low income population.
Previously, the government implemented a similar program called NINA which
had the objective, among others, of replacing wood stoves for LPG stoves in
Lima.

The main objective of FISE is to universalize the access to natural gas for
both residential and vehicular uses. To do so, it promotes the use of Natural
Gas (NG), Vehicular Natural Gas (VNG), Compressed Natural Gas (CNG) and
Liquefied Natural Gas (LNG). The program provides funding to promote the
development of modern energies and subsidizes access to Liquefied Petroleum
Gas (LPG) in the most vulnerable groups of the population. Regarding the
case of vehicles, it has enabled the transformation of the national taxi fleet to

adapt vehicles for the use of natural gas as a fuel.®

6The Ley N° 29852 del 13 de abril del 2012, del Ministerio de Energfa y Minas, created
the Fondo de Inclusién Social Energético.

TLey N° 29852. Ley that creates the energy security system in hydrocarbons and also
creates the FISE. Ministerio de Energia y Minas. 13 of april, 2012.

8This project does not apply to the taxis in Lima.
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Although the FISE was initially created by the MINEM, since its creation
it has been managed by OSINERGMIN (Organismo Supervisor de la Inversién
en Energia y Mineria), the national regulatory agency for the energy sector.
This delegation was intended to be temporary, but has been extended since
then. The MINEM establishes the entry conditions in the market, defines the
potential beneficiaries of the vouchers and develops mechanisms to universalize
the use of LPG. It also prioritizes the projects to be implemented and defines
the strategy for the sector in the medium term. OSINERGMIN manages the

program and decides how to distribute its funds.

3.2 Program Beneficiaries

The FISE promotes access to LPG to households located in the poorest dis-
tricts of Peru. To do so, it offers a discount voucher of 16 nuevos soles ($5) to
buy LPG cylinders. The value of the vouchers has not changed since the cre-
ation of FISE. To identify the potential beneficiaries of the program, the FISE
uses the poverty map that has been created by the Peruvian statistical office
(Instituto Nacional de Estadistica e Informética, INEI). This map combines
information from several reports to calculate the per capita household spend-
ing and builds an indicator of poverty and inequality in the districts of Peru.
Once the poorest districts are identified, the FISE selects the poor households
that can participate in the program. Households in each district are classified
into seven stratums. Stratums 1 and 2 of SISFOH? (Sistema de Focalizacién
de Hogares) correspond to households classified as extremely poor (20% poor-
est population); stratums 3, 4 and 5 correspond to poor households without
reaching extreme poverty (30% of the population); finally, stratums 6 and 7
are considered non-poor households (50% of the population).

To participate in the program, households must meet several requirements:
(1) Reside in a district which presents a high level of poverty; (2) Have an LPG
stove, although the MINEM offers stoves for free to users that don’t have one;
(3) having an electricity consumption lower than 30 kwh per month; (4) Don’t

have access to the natural gas network;'® and (5) The household income must

9SISFOH is a system of information about the socioeconomic characteristics of house-
holds. SISFOH calculates a poverty index of households and classifies them into 7 categories
or stratums.

10F]ectricity distributors companies must inform the potential beneficiaries of the program
and should explain the requirements to participate. Potential beneficiaries must present their
National Identity Document (DNT), deliver the affidavit of possession and use of LPG stove
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be lower than 18,000 nuevos soles per year (around $ 6,000) and the home must
be made of poor materials.!! To encourage the use of LPG in households that
meet the above requirements but that do not have a gas stove, the program
offers for free a kit with an LPG stove and a 10 Kg cylinder. By mid-2014
about 340,000 of these kits were already given.

In 2012 a pilot project was implemented in the province of La Conven-
cién (Cusco) and it was found that some high income households were being
considered as eligible for receiving the voucher. As a consequence, when the
FISE was launched at a national level in 2013, a limit on the household income
was introduced and the power consumption limit was reduced from 100 to 30
kwh per month. In addition, to prevent that owners of several houses could
receive more than one voucher, it was established that only months with pos-
itive power consumption would be considered to calculate the annual power
consumption, and that in the case of rented houses the beneficiaries of the
voucher would be the renters.

The delivery of the discount vouchers has been delegated to the electricity
distribution companies. These must create a census with all the households
within their concession areas that meet the criteria to participate in the pro-
gram.'? They are responsible for issuing the discount vouchers via an SMS or
by stapling them in the beneficiaries’ electricity bills.

Figure 1 shows the evolution of FISE beneficiaries monthly since the be-
ginning of the program. At present, FISE operates in 1,715 districts in Peru
(92.6% of the total population). It also operates in 100% of the country’s
regions, being Puno the region with a larger number of beneficiaries, with
136,331 households. Figure 2 shows the evolution of the number of districts
with FISE beneficiaries.

and LPG cylinder, allowing its verification, and present the receipt of electricity consump-
tion. Electricity distributors companies verify this information and that applicants are in
the register of SISFOH.

1The household may not be eligible for the voucher if the home’s predominant wall
material is brick or concrete block, if the house has more than one floor, or if the dominant
material in the floor is parquet, polished wood, asphalt sheeting, vinyl, tile or terrazzo (or
similar).

I2FISE uses the electricity consumption data provided by companies to ensure that the
electricity consumption requirements are met. If the maximum consumption is exceeded,
households no longer receive their voucher, but may receive it again in the next month if
their consumption decreases below the maximum. FISE also has data on household income
collected by the SUNAT. If the family exceeds the required limit stops receiving the voucher
until next annual review.
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Figure 1: Evolution of families beneficiaries of FISE voucher monthly.
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Source: Elaborated by authors from Memoria Anual de Gestion FISE 2012-2013 and
2013-2014

Figure 2: Evolution of districts in Peru which have beneficiaries of FISE
voucher monthly.
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3.3 Project Management

There are three types of agents that participate in the project: the house-
holds’ beneficiaries of the vouchers, the LPG suppliers (Authorized Agents),
and electricity distribution companies. The project beneficiaries are the house-
holds that meet the requirements described before. These families receive the
voucher in their electricity bill or mobile via an SMS. The voucher allows them
to buy an LPG cylinder of 10 Kg at a discount of 16 nuevos soles ($5 approx.)
for a maximum period of two months. As the price of a 10kg LPG cylinder is
32 nuevos soles, beneficiaries can buy a cylinder at a zero price gathering the
vouchers of two months. Several studies have shown that the average life of
a 10 Kg LPG cylinder is longer than one month, because most of the families
complement the use of LPG stove with other stoves (improved or traditional).

LPG suppliers have agreements with electricity firms to accept the vouchers
as a payment option. Between July 2012 and December 2014 the number of
suppliers participating in the program has increased from 5 to 3,285.' This is
in part a consequence of the implementation of the "digital" voucher in 2013.
The creation of the digital voucher was a response to the problems caused by
the printed vouchers stapled on the electricity bills.**

Initially, the vouchers were issued printed along with the electricity bill.
There were delays of around 15 days between the date on which the LPG
agents were selling the LPG cylinders accepting the voucher and the date in
which the agents were receiving the 16 nuevos soles from the FISE program.
This situation discouraged the agents to participate in the program. Many
agents sold it with an extra cost for the beneficiary families of the voucher or

even refused to accept the vouchers. This situation created discontent among

3 There are two types of Authorized Agents LPG, LPG bottling plants and stores. The
bottling plants issue certificates in accordance with their sales representatives and perform
the supervision and training of their sales agents. The stores must request the certificate
of conformity to bottling plants, then they must apply to OSINERGMIN for registration in
the Register of Hydrocarbons, and must sign an agreement with the electricity distributor
companies to be an Authorized Agent to exchange the FISE voucher.

14The implementation of the digital voucher has received several national and international
awards. At the national level, it has been awarded with the Business Creativity Contest
organized by the Peruvian University of Applied Sciences (UPC). Internationally, include
recognition of the Organization of American States (OAS) and Asia-Pacific Economic Coop-
eration. In two reports of these organizations it is appreciated the work done by FISE. The
OAS noted that the FISE promotes efficiency and represents a breakthrough for achieving
environmental, economic and social sustainability. For its part, the APEC recognizes the
proper functioning of FISE in his document "Peer review on fossil fuel subsidy Reforms in
Peru".
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both beneficiaries and LPG suppliers, and led many suppliers to unsubscribe
from the program.'® The digital voucher was created in July 2013 to eliminate
these problems and since its introduction the number of suppliers has increased
significantly (Figure 3). Currently, digital voucher complements the printed
ones.

The digital vouchers allow the LPG suppliers to receive the value of the
voucher at the time of the transaction. This has facilitated the diffusion of the
project in urban and rural areas, and has also led to an increase in demand.
On the other hand, the digital voucher has reduced the administrative costs
of the project. It is interesting to note that the use of digital vouchers in
Peru is possible because more than 60% of the rural population has a mobile
phone. In spite of this, some reports have found that is necessary to train the

beneficiaries so they can correctly use the phone.

Figure 3: Authorized LPG Agents

LPG Authorized Agents

Source: Elaborated by authors from Memoria Anual de Gestion FISE 2012-
2013 and 2013-2014

Finally, the electricity distribution companies are responsible for managing

6

the digital voucher.!® Specifically, they send a code to the beneficiary via

15Some LPG agents did not accept vouchers or increased the price of the cylinder to
those buyers who used the vouchers. Another problem was that the electricity distributors
companies sent the vouchers through the receipts of electricity on open envelopes. This led
to some postal employees to collect the codes to redeem vouchers fraudulently.

16The cost incurred by these companies to implement the FISE program in their jurisdic-
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SMS that can be used to pay the LPG cylinder. When the LPG supplier
receives this code it also sends an SMS to the bank with information about the
beneficiary and the code, and it receives an immediate transfer. Previously, the
bank receives the money from the electricity distributor, and this periodically
receives compensation from the FISE administrator.

Each month, the electricity distributor sends to the FISE information about
the electricity consumption of the beneficiary. This allows verifying if the ben-
eficiary consumes less than 30 Kwh per month.!” If the beneficiary consumes
more than this amount the FISE communicates to the electricity distributor
that it cannot issue the voucher for the next month. The FISE also controls
the number of transactions completed by each beneficiary to avoid fraudulent
uses of the vouchers. For example, the FISE is able to detect if a beneficiary

makes more than 3 exchanges in one month.!8

3.4 Financial Resources

FISE is financed by three types of surcharges: 1) surcharges of 2.5% on the
monthly bill of electricity free users from SEIN (Sistema Eléctrico Interconec-

tado Nacional). Free users'’

are those who have a price that is not regulated
and can negotiate contracts directly with electricity utilities; 2) surcharges of
$1 per barrel for liquid products derive from hydrocarbon and natural gas
transported by pipelines; and 3) surcharge of $ 0.055 per monthly thousand
cubic foots to transport natural gas through pipelines. This implies that the
agents that contribute more to finance the FISE are large consumers of elec-
tricity, large suppliers of derived liquid hydrocarbon and natural gas liquids
and large consumers of natural gas.?’

Figure 4 below shows the FISE financing sources in 2014. In that year,
81.53% of FISE revenues were obtained through the aforementioned surcharges

and 18.47% through the contributions of OSINERGMIN. In total $147,228,005

tion is previously approved by OSINERGMIN and are subsequently refunded by the FISE
administrator.

170On annual average.

I8FISE can also know the storage capacity and the number of transactions carried out by
the LPG suppliers. This allows FISE to detect fraudulent behaviors.

19Free users are those who consumes more than 2500 KWh monthly.

20Producers and importers of liquid products derived from hydrocarbons and liquid nat-
ural gas are responsible of collecting the FISE surcharge and of transferring it to FISE every
month. Similarly, the firms that transport natural gas through pipes collect every month
the surcharges and transfer them to FISE.
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were raised, 50.36% more than in the previous year. The largest increase
was obtained due to pipeline transportation surcharges resulting from liquid

hydrocarbons and natural gas, which increased by 311.76%.

Figure 4 FISE Resources

FISE Resources

® Surehargeson the monthly bill of electricity
free users from SEIN

= Surcharges for liquid products denve from
hydrocarbon and natuml pas transported by
pipclines

= Surcharpe per monthly thousand cubic foots
to transport namural gas through pipelines

= OSINERGMIN

Source: Elaborated by authors from Memoria Anual de Gestion FISE 2012-
2013 and 2013-2014

4 Data and methodology

4.1 Database

The main objective of this section is to evaluate the results of FISE program
during the first years of its life. To do so, we use a survey conducted by
OSINERGMIN in April 2015 in the province of Huamanga, one of the 11

2l Huamanga has a population of

provinces of the Department of Ayacucho.
221,390 inhabitants, 2981.37 km?, and is divided into 16 districts, one of which
is the city of Ayacucho. The average height of this province’s villages is 2,500
meters. The survey was conducted on houses located in the following five

districts of the province: Andrés Avelino Céceres, Ayacucho, Carmen Alto,

2IThis research is considered a pilot study. It is important to note the small sample size,
that the survey contains no anthropometric measurements of individual respondents and
also no actual measurements of pollution inside home.
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Socos and Vinchos. The initial objective was to focus the survey on Vinchos,
as it was supposed to be representative of the country’s reality. In this district,
the potential beneficiaries of the program have an exchange rate of the vouchers
very close to the national average (60%). Moreover, between the launch of
the program until March 2015, the average exchange rate per person was the
same as the national average (about 6 vouchers were exchanged per person).
However, this district has a higher percentage of beneficiary households and
a higher level of poverty than the national average. Currently, 2 out of 3
households in Vinchos are beneficiaries of the program. In spite of this, the
survey was later on expanded to other nearby districts in order to increase
the size sample and get a suitable control group. The data collected contains
information from 458 households in the above mentioned five districts in the
province of Huamanga, although most of the households are located in the
districts of Vinchos and Ayacucho, 193 and 171 households, respectively. These
households correspond to a universe of 1,816 people.

To evaluate the FISE program we use the matching technique, which con-
sists of comparing different outcomes in individuals participating in the pro-
gram (treatment group) with individuals who have a similar propensity to par-
ticipate in the program but that actually do not (control group). A potential
problem with this technique is that results can be biased if the socio-economic
characteristics of the two groups are different. To overcome this problem,
initially a random sample of voucher beneficiaries in several districts of the
province of Ayacucho was chosen as a treatment group. Subsequently, using
information from the SISFOH and FISE database, households that had not
applied to participate in the FISE program but had similar characteristics to
the treatment group were included in the control group.

Table 1 shows that for some of the variables considered in the survey
there are significant differences between the treatment and the control groups.
For example, while in the control group 74% of households regularly use the
Quechua or Aymara as a communication language in the family, in the treat-
ment group the figure rises to 94% of households. Significant differences in the
percentage of households who have migrated to the area are also observed, 11%
in the treatment group and 32% in the control group. On the other hand, 64%
of household heads in the control group have successfully completed primary
education, while the percentage drops to 43% for the treatment group. One ex-

planation for these differences is that at the time of the survey no information
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was available on household income. Indeed, while the average monthly income
of households in the control group is 797 nuevos soles, for the treatment group
is 390 nuevos soles. We try to address this situation in our analysis.

In relation to household expenditure on electricity consumption, note that
the households in the control group have higher expenses than those in the
treatment group. A significant difference in the monthly expenditure on LPG
is also observed, which is about 16 nuevos soles ($ 5) monthly, equivalent to
the discount voucher offered by the FISE. This result would indicate that the
reception of the voucher allows beneficiaries to consume the same amount of
LPG than non-beneficiary households. The objective of this section is precisely
to determine in which extent the FISE voucher helps beneficiaries to use more
LPG than households with similar characteristics which do not receive it.

Table 1 also explains what the uses of LPG stoves are, and what heating
systems are used in the households interviewed. In both groups there is a
similar percentage of households using only wood as a heating fuel. However, in
the control group there is a higher percentage using only modern heating fuels
(LPG and electricity). On the other hand, in the treatment group homes are
more prone to use a combination of wood and modern heating fuels. Finally,
households in the treatment group are those that use more LPG stoves and

fewer traditional stoves.

—Insert table 1 here—

Another remarkable aspect of the collected data is that about 67% of house-
holds have the perception that LPG stoves reduce the cooking time regarding
traditional or improved stoves. This result is confirmed when we analyse the
daily cooking time by type of stove. The number of hours per day a household
spends in cooking is 2.01 hours if it uses an LPG stove, 2.05 hours if it uses
an improved stove, and 2.34 hours if it uses a traditional stove. On the other
hand, in 63.59% of the households surveyed, the woman is who decides the
type of stove that is purchased by the family.

A potential problem that could arise when choosing treated and untreated
households in the same district or in the same province is the existence of
spillovers, which arise when a program benefits, indirectly, the control group.
For example, the electrification of a village improves the economic conditions

of the people accessing electricity, but indirectly it also modifies the socioe-
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conomic situation of people next to them. In the case of LPG stoves we do
not believe there is a major problem of spillovers because LPG vouchers only
benefit families who use them to cook and that will be less exposed to in-
door pollution. On the other hand, we consider unlikely that the program
beneficiaries resell the gas cylinders to other people, because the objective of
the program is precisely to benefit the poorest households and those with low
electricity consumption, and because the FISE program has a tight control of
fraud. Also note that the FISE program has been implemented in mostly all
the Peruvian municipalities and as a consequence we cannot compare house-
holds in treated and in control municipalities to avoid for potential spillovers

of the program.

4.2 Measures to evaluate the impact of the program

To assess the effects of the FISE voucher in the habits of the population, we
examine the following indicators: 1) ratio of weekly LPG cooked meals; 2)
presence of cough or respiratory problems in the household in the last month;
3) number of days children have missed school due to respiratory problems;
4) whether water is boiled or not; 5) use of LPG stoves to boil water; and 6)
number of days that children have missed school due to diarrhoea.

The objective of our empirical analysis is to determine whether the use of
discounts vouchers increases the use of LPG stoves and reduces the likelihood
of having respiratory problems. At first, there should be a direct relationship
between the use of LPG stoves and the reduction of pollution inside homes.
However, it is important to note that in rural areas of Peru many homes
combine the use of LPG stoves with firewood or improved stoves, which can
maintain high the pollution level inside the household. For this reason, the
main variable that we use in our analysis is the ratio of weekly LPG cooked
meals.

To study the effects of FISE voucher on health, we use indicators that re-
flect the existence of respiratory problems that may be caused by the use of
wood (solid fuels) for cooking. Reducing emissions should reduce the probabil-
ity of finding household’s members who have had respiratory problems. The
indicators we consider are whether a household’s member has had respiratory
problems or cough in the last 30 days. In addition, we also consider the number

of days that children have missed school due to respiratory problems.

95



Another objective of the chapter is to analyse the effect of the vouchers
in the decision of households to boil water, since boiling water can have a
very important role in preventing water related diseases. The use of LPG
stoves allows boiling water faster than firewood stoves and may encourage this
practice. To assess the impact of the program, we use as an indicator whether
the household boils water or not, and if the household boils water using an
LPG stove. To determine the effects on health, we also consider the number
of days that children have missed school due to diarrhoeal problems.

Table 2 shows the descriptive statistics for each of these outcome indi-
cators, differentiating households between beneficiaries and non-beneficiaries
of the FISE voucher. The table shows significant differences in the use of
LPG stoves among the two groups. In particular, program beneficiaries cook
in average 13% more weekly meals in their LPG stoves than those who are
not beneficiaries. Secondly, children in households participating in the pro-
gram miss school 0.17 days less per month than children of non-beneficiary
households because of diarrhoeal problems. For the other variables, we do not
find significant differences between the two groups. Despite this, in order to
properly compare the two sample groups it is necessary for the two types of
households to have similar socioeconomic characteristics. Hereafter we show

how the data has been processed to have a proper counterfactual.

—Insert table 2 here—

4.3 Identification strategy and propensity score

To make the matching between households in the control and the treatment
group, it has been taken into account the electricity consumption and house-

holds’ characteristics®? (e.g. education level of people in the household, house-

22Variables used: use of solid fuels for cooking, use of a LPG stove, number of house-
hold assets, participation in social programs (SIS, cunamas, P65, together, techo propio),
access to electricity, access to drinking water, availability of latrines within home, being
in possession of a telephone (fixed or mobile), ratio of overcrowding, materials used in the
construction of the house, number of people in the household, presence of children with
school backwardness, the presence of over 18 years old adults with elementary education ,
years of education of the household head, years of education of the spouse of the household
head, average years of education of the workers at home, unemployment of all household
members, illiteracy of the household head, household head gender and education, age of
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hold demographics, participation in other social programs, etc.). With these
variables a probit model was estimated to calculate the distribution of the
propensity to receive the treatment. In particular, the coefficients of the pro-
bit model allow calculating the probability of each household to participate
in the program. These propensity scores are then used to find a group of
non-beneficiary FISE households that can be appropriately grouped with ben-
eficiary households to analyse the impact of this policy. Thus, households
with the same propensity to receive the treatment are compared, but while
some receive the voucher, others do not. Finally matching algorithms are used
to assign each beneficiary household with households not participating in the
program with the closer propensity score.

On the basis of the variables included in the survey, first we carry out a
logit analysis to verify that the variables used to create the sample are not
significantly different between the control and treatment group.?® The covari-
ates included in the logit model should affect both the possibility of receiving
treatment and the dependent variables we want to study. In particular, the
variables used are: number of assets at home, having a telephone (fixed or mo-
bile) at home, access to other social programs, access to water and sanitation
within the home, characteristics of the home (if the floor is made of soil, if the
walls are of a material other than brick and if the roof is of a material other
than concrete), being in possession of an improved and / or traditional stove,
electricity monthly expenses, educational levels of the head household and his/
her spouse, if the head household is illiterate, the age and gender of household
head, whether at home nobody works, along with a dummy for each district.

Table 3 shows the estimations of the logit model. The Pseudo R2 is quite
high, being of 0.4948. In spite of the methodology applied to create the data-
base, we find that some variables are still significant, meaning that there are
differences between the treatment and the control group. One explanation for
this is that initially the selection of households was conducted with the SIS-
FOH 2013 database, while the survey for this research is from 2015. On the
other hand, when conducting the sample, the variable household income was

not included, as it was not available. However, at present this information is

household head, districtal dummy, dummy if the home is in a rural nucleus of population
and the electricity consumption in the last 12 months. Importantly, the last variable is the
one that has a greater weight in the propensity score.

Z3Note that the same logit analysis is performed by quartiles in the subsamples. The
results of the different regressions are shown in Table 12.
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available and we include it in our matching analysis to avoid biased results.
Afterwards, we calculate the propensity score for the two groups of house-
holds, including the variables that were significant in the previous model and
the variable on household income.?* Figure 5 shows the results of the propen-
sity score. It can be noted that the database is not perfectly balanced, since
there is a different distribution between the two groups of households. As ex-
pected, non-treated households have values of propensity score close to 0 and
treated households have values closer to one, due to the criteria for participa-
tion in the FISE program. Still, for the whole range of the estimated propensity
score, there are enough treated and untreated households that would allow us

to calculate the treatment effect from our database.

—Insert table 3 here—

Figure 3: Propensity Score database

© = Pro';;‘ens ity Score £ =

|_ Untreated I Treated

5 Results: Nearest neighbour and kernel match-
ing

Taking into account the results of the propensity score, we have applied several
matching algorithms to determine the effect of FISE voucher on the outcome
indicators. First, we used the "nearest neighbour without replacement" (NN),

which uses for each treated household one (or more) households in the control

2 Due to the high correlation between the variables Vinchos and the variable income, it
has been decided not to include the variable Vinchos in the calculation of propensity score
or when assessing the effect of the voucher in the different indicators.
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group that have the propensity score closest to the propensity score of the
treated household within the area of common support. Thus, households as
similar to each other as possible are compared. One of the risks of using this
method is that it is possible to compare households whose propensity score
values are not close enough, and as a result have different characteristics.
To ensure the robustness of our results we also present the results using the
kernel matching algorithm. In this case, the algorithm selects each of the
households in the treated group and compares it with all households in the
control group. That is, it compares each of the treated homes with the average
of all households in the control group.

We begin our analysis analysing the effects of the FISE voucher on the
use of LPG stoves. We note that the participants in the program (households
receiving the voucher and potentially an LPG stove) cook 42% more of their
weekly meals using an LPG stove compared to other households who do not
receive the voucher. On the other hand, when we focus the analysis only on
the households owning LPG stoves we observe that the FISE increases the use
of LPG stoves about 17% (i.e. 4 weekly meals). Therefore, the program fulfills
two objectives: it encourages the replacement of traditional or improved stoves
for LPG stoves; and promotes greater use of LPG stoves in homes that already

have them.
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Table 4: Outcome mdicators for sample

IOutlcomf Estimation Treatment effect t-statistic Observations
indicator
Nearest neighbour O; :2%?:;‘3 7.24 351
Ratio Ipg (1)%# . ;
- 0.4366407+%* . .
Kernel (0.0540036) 8.09 351
Nearest neighbour 001 ?lﬁg-ilq_i;‘ 2.03 267
Ratio Ipg (2) . '
- 0.169491* . -~
Kernel (-0.0881808) 1.92 267
9
Nearest neighbour 3322?332 0.3 236
Families Wete e
boiling water _ 0.1123906 1
Kernel (0.0950783) 0.1 236
Families Nearest neighbour DDIISE])_:){]? 1 ; L.77 178
boiling water i Y
using LPG o 0.1783419* B} .
stove Kernel (0.1003804) 1.78 178

*=% Significant at 1%; *= significant at 5%; * significant at 10%

The results above show the effects of the FISE voucher on the whole pop-
ulation. However, an important aspect in the evaluation of the program is
to determine which groups of people are the most benefited. To give insight
into it, we repeated the previous analysis dividing the sample into quartiles
according to household income. Due to the small sample size, we take into
account all households in the data, regardless of whether or not they have
an LPG stove. Table 5 shows that FISE voucher has a more pronounced ef-
fect in households with lower income. In particular, households in the lowest
quartile participating in the program cook between 53% and 56% more weekly
meals with LPG stoves. This amounts to about 12 weekly meals. In the sec-
ond quartile, the results indicate that FISE voucher increases the number of
weekly meals cooked with LPG stoves in about 20%. However, the results are
not significant if we use the nearest neighbour technique. This could be a con-
sequence of the reduced sample size. The results for the third quartile confirm

the robustness of the previous results: FISE voucher increases the weekly use

25The ratio LPG (1) indicator uses the entire sample whether or not the household has
an LPG stove. By contrast, the ratio LPG (2) indicator only takes into account those
households with LPG stoves.
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of LPG stoves between 35% and 41% (between 7-9 meals per week). Finally,

in the top quartile, FISE voucher does not increase the use of LPG stoves.

Table >: Outcome indicators for the use of stoves by quartiles

Onteome

- Estimation Treatment effect t-statistic Ohzervations
indicator
N ) 0 58387 o+ .
Ratio LG (first MNeaszst neizhbone 0.0854933) 6.4 a9
guartle
Kernel ']'fl"':j_sg‘llfﬂ'_' ' 673 99
Ratio IPG Nearest neighbons ,I.]'_ .JU?._.. 1.05 30
second gartile) A 1654318)
S IEED
Kecnel e 203 50
Ratio IPG Nearest neizghbons Il-.!lli{ ?;-. u . 3.35 5

third cuartile)

0.3520909+++

Kermnel 01283704 274 5
Bato LPG Neagest neizhhons :I'I]Ellglcﬁ 0.01 79
fouh gartle) - -0.206246
Fernel :'f;a j;;i 0.23 63
“+ Sigmificant at 1% ** significant at 3% # significant at 10%

The FISE program could help to improve population’s health, by promoting
people to boil water more often. However, results of Table 4 do not validate
this hypothesis. We note that households participating in the program are
not more prone to boil water than those not participating and having similar
characteristics. These results are maintained when we divide the sample in
quartiles (we do not show these results here for simplicity). This situation
might reflect that a large part of the population is aware of the importance
of boiling water. The 87.5% of the control group and 82.3% of the treatment
group do it regularly. However, if we focus on the households that have an
LPG stove, we find that an 18% more of households in the treatment group
boil water with their LPG stove in comparison with the control group. This

result suggest that one of the channels through which the FISE can improve
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the living conditions of the population is the substitution of the traditional
stoves for LPG stoves to boil water. These stoves boil water quickly and use
less resources.

An important objective of the FISE program is to reduce the indoor air
contamination. It is believed that the substitution of traditional stoves for LPG
stoves can moderate the toxic emissions inside the house and reduce respiratory
diseases, especially those of women and children, which spend more time at
home. In order to contrast this hypothesis we want to contrast if the population
benefiting from the program has had less respiratory problems or cough less in
the month prior the interview than the households that don’t participate in the
program. Moreover, we also consider the number of days that the children?

in the family have missed school due to respiratory problems.

Table 6: Cough and respiratory problems

Omtcome indicator | Estimation Treatment effect t-statistic Ohzervations
} ) 00459315 _ _
Nearest neizhbone 042 32
01021125
Congh problems o
} ) 1.06385858 _
Femel o 0.53 32
S0L0T9LE4
0
Neagest neizhbong nsinn 0 328
Respiratory -0.0626632)
problems 0.0451504
Kermnel o 0.97 323
00463471
4 Sigmificant at 1%0; #* sigmificant at 3%0; * sigmificant at 1070

Results in Table 6 do not suggest a relation between program participation
and reduction of respiratory problems. Tables 7 and 8 show similar results
when the sample is divided into quartiles. A justification for this is that many
homes combine the use of LPG stoves with traditional stoves, for economic and
/ or cultural reasons. Moreover, many households continue to use polluting
fuels for heating purposes making that indoor air pollution remains high. The
data of the survey was collected in April, which is considered the Fall season in

the Sierra region of Peru. In future studies it would be recommendable making

26 The age of children in the survey who attend school and have been chosen for the analysis
goes from 2 to 12 years old.
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measurements of intra-domiciliary pollution in different periods of the year to
identify more clearly the effects of the program. Finally, another limitation
of our analysis is that it considers all the population living in the households,
including adults and children of different sex and ages. But the exposure of
these groups to intra-house contamination can vary importantly and also the
effects of the emissions on them. In this sense, a bigger sample size will allow to

obtain more precise estimates of the impact of the program in each population

group.

Table 7: Cough problems by quartiles

- - - . Treatment . - .
Cmiteome indicator Estimation effect r-statsnc Observations
Mearest 01960784 15 a0
Neighbour -0 1311029 N h
COmartde 1
- 1.1581589 ‘n -
Kermel 01104387 1.32 a0
_?\;euest iI.I]J*__E 078 -3
Neighbour -0 1425813
Omartide 2
- L0338727 R -
Femel 01054767 0.35 3
Nearest -0.0533333 - g
Neighbour -0 1977024 i B
Chartile 3
_ -0043746
Bl :I il .
Femel -0.1932069) = o
Mearest 013 050 -
Neighbens -0.2354408) b -
Chartile 4
- 0L.224449] —_
18 . 0.95 5
Fecmel 102346036 %
¢ Significant at 1% ** sigmificant at 5% * sigmficant at 10%%
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Table 8: Respiratory problems by quartiles

8] i . . - L - .
. :EEG:;E Estimation Treatment effect t-ztatistic Obzerrations
indicator
- .. 017647 0G=+ -
Nearest Neighbour " |;|J‘|]"|-S'|=. 252 9l
Qmatile | - 'I],,S:,.T_"_' :
Cern LG 06 9
Fewmel -0.0966134) 008 o
0.1
Mearest Neighbone P, 087 74
o = 01143824
Qmuartile 2 00375012
Elernel 0104120 0.36 4
- .. 0.04 -
Nearest Neishbous e e E 0.35 a0
- = -0.0638184)
Quartile 3 00657055
- 00632053 o _
Fewmel -0.0680554) 096 +
0 -
Nearest Neighboue 0 0 5
nartile 4 et
b Kernel 01269422 e -
o 0.158416) =
¢ Significant at 1% ** significant at 5%; * significant at 10%s

Additionally, another objective of this chapter is to analyse whether the
FISE program has succeeded to improve the health conditions of children.
In order to analyse this situation we use as an indicator the number of days
that children have missed school due to respiratory problems. Our results do
not show that the FISE voucher has an impact in the number of days that

households’ children missed schoo

Table 9: Missing days to school from children due to respiratory problems

1.27

L L Treatment .. .
Outcome mdicator Estimation - t-statistic Observations
ettect
Nearest -0.2037037 .
. . ) P, 1.06 118
Missed school davs due to neighbour (0.1928715)
respiratory problems Kemnl 20137384 058 s
erne PR S
(0.2380706)

*=% Significant at 1%; ** significant at 5% * significant at 10%

Finally, we also study the impact of FISE program in the prevalence of
water related diseases in children attending school. We have already seen that

the FISE program increases the possibility that households with an LPG stove

2TGiven all members attending school between 2 and 17 years old, the results did not
differ. The results using the nearest neighbour is not very robust (significant at 10%) and
is not significant using the Kernel technique. Results at the appendix.
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boil water using that stove. This situation might positively affect children’s
health. Thus, for example, one of the lessons learned during the preparation
of the survey was that the families’ beneficiaries of the voucher use to boil
the water that children bring to school in their LPG stoves. In order to test
this hypothesis we use as an indicator the number of days that children have
missed school due to diarrhoea episodes.

The estimations in Table 10 show a positive effect of the FISE voucher.
The estimator shows that the FISE voucher reduces the days that children do
not attend school at least 0.23 monthly days (3 days per year). The channel
through which this effect would occur is due to boiling the water that children

bring to school.?®

Table 10: School missing days of cluldren due to diarrheal problems

Outcome indicator Estimation Treatment effect t-statistic Observations

102333333 **+

ALissed school days Nearest neighbour (-0.0880636) 2.6 104
due to diarthoea
problems Kernel 0.3183973%= 505 104
(-0.1553894) -

“=* Significant at 1%; ** significant at 3%a; * significant at 10%

6 Conclusions

In this chapter we have described the FISE program implemented in Peru
and we have evaluated its effects. The main objective of the FISE program
is to provide security to the energy system and to provide universal access
to energy for the most vulnerable groups of the society. One of the most
important projects of FISE is to facilitate access to LPG as a cooking fuel to
the most vulnerable sectors of the population by granting monthly discount
vouchers. Since its creation in 2012 more than one million households have
benefited from this project. Nowadays, FISE operates in 100% of the regions
of Peru and 92.6% of the country’s districts. This policy of promoting LPG

stoves through discount vouchers is unique in Latin America and has received

28Given all members attending school between 2 and 17 years old, the results are similar.
The reception of the voucher reduces by about 0.24 days the days children do not attend
school. Results in the appendix.
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recognition from various international organizations.

One of the most remarkable characteristics of the FISE program is that it
is financed largely through surcharges on large energy consumers and suppliers
in Peru. In particular, in 2014 about 82% of FISE resources came from sur-
charges on the monthly bill for electricity free users of interconnected systems,
the surcharges for liquid products derived from hydrocarbon and natural gas
transported through pipelines and surcharges to the transport of natural gas
through pipelines. Other revenues come from transfers of OSINERGMIN, the
energy regulator.

FISE has made a major effort to focus its efforts on low-income households,
avoiding many of the problems that have arisen in other developing countries
when it comes to promoting LPG as cooking fuel, where studies show that
subsidies fell on the most advantaged population. Moreover, the creation of
the digital discount vouchers has attracted a large number of LPG suppliers
to the program and eliminated various management problems that emerged
during the first months of the program. Moreover, the FISE has enhanced the
market of LPG in Peru, easing the access to this type of fuel for the entire
population.

The second part of the chapter has evaluated the effects of the FISE vouch-
ers in a set of outcomes. By using a data set collected by OSINERGMIN in
2015 we have found that the reception of the FISE voucher increases the num-
ber of meals cooked weekly with LPG in 9 meals. This value can increase up
to 12 meals per week in the case of the poorest households. Thus, it is shown
that the program has succeeded in increasing the use of LPG as cooking fuel
and also achieved a higher impact on lower-income strata of society. However,
to date there has not been a complete replacement of traditional stoves and
improved ones by LPG stoves. This fact, jointly with the majority of house-
holds using wood as heating fuel makes difficult the reduction in indoor air
pollution and therefore a reduction in the prevalence of respiratory diseases.
Our analysis finds no direct link between the reception of the voucher and a
reduction in cough or respiratory problems in beneficiary households. More-
over, the reception of the voucher does not seem to reduce the number of days
that children miss school due to respiratory problems.

One of the most interesting results of our analysis is that the FISE voucher
facilitates the replacement of traditional or improved stoves for LPG stoves to

boil water. One explanation for this is that less time and resources are required
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to boil water with LPG stoves than with traditional stoves. Moreover, our
analysis has also found that children from households receiving the voucher
miss less days of school than children of non-beneficiary households due to
diarrhoea.

The results of our work can be useful in guiding energy policies in developing
countries where major health problems arise from the use of polluting fuels for
cooking and heating. Our analysis shows that the use of a voucher can be
an effective mechanism to promote the use of LPG as cooking fuel. Actually,
one of the problems of subsidizing the price of LPG is that it reduces the
price of this product and favours high income households, as they are the
ones that consume more LPG. The voucher, being focused on the poorest
households, does not imply a redistribution of income from government to the
rich households.

However, our results show that this policy by itself cannot be effective in
reducing respiratory problems of the beneficiary households. Indeed, a signifi-
cant part of the beneficiaries’ households combine the use of traditional stoves
with LPG stoves. On the other hand, it is very common to burn solid fuels
inside the house for heating. Thus, an effective policy for reducing pollution
requires increasing the size of the subsidy and should be complemented with

other energy efficiency measures.
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7 Appendix

Table 1 Households” socioeconomic characteristics

Variahle Total FIZE Bensfiriaries FISE Non- ||

Beneficmries
Household
vanables
Househald size 3975626 3927574 4.005625 0.4376
DMembers at meal time 3.621978 3.642438 3.608696 0.2136

Mlembers working 1.677704

1.744526 1.6173

Arceszto zocial
programs

DMouthly Incoms

Monthly electrrity 2226697 Zoles
EXpenses (4241

18.64336 3oles

Monthlr LPG
EXPEAISES

149894

Woman az Head's
Househald

Age of Head's P

Houzehald ’ ’

21.90% 24.02% 20.31% 0.8811

349 0.9761

Head'= houschald

e 35.88% 45.45% 64047 433

pos Education: 44.85% 44914
COTTaeT

Flead's Flousehold 16.06%% 15487 1.8273

TMliteracy
Ethne group 81.68% 93.79% T3 3.4983
MAMigration 2257 10.93% 3228% 4319

Housing vanables

Roof Corcrete 25.91%% 6.88%% 3382% 6.6548
Wialls: Beck 25.18% 311% 34.66%
Floor: Sodl 67.86% 3632%

Phone (fix [ Mohbile) 44300 31.95% 3249%: 4.2434
LPG stor= 7017 69.51%:

roved stove 26.32%
Lomp

Traditional Stove 49.78% 32.71%
Heating
Only Woed 40447 39.75% 0.1204
Omnly Modern Fuels 20.81% 15.14% 27.35% 50441
Wood ;:i]ixiodem 37.04% 2981%: 2.8351
(Only) Electroity 26.26% 19.12% 32.50%: 23921
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Table 2: Descriptive statistics of potential outcome indicators

FISE FISE Non- _
Total Beneficianez: Denefdanes Dit t
Propostion | 0.632284 0.7104067 0.580298
ofweekly | 1 40s0sse) (0.3225974( (04492776) 01301 3.5851
mealz cooked | - L Lok ;
with LPFG N=453 =181 N
Families with | 04783634  0.4793322 0.477551
amember || 5001332, (0.5010481) (05005183  0.0019 0.0397
with eough - L LA S
problems N=416 =171 N=245
Famihes with | 13547619  0.1520468 0156625
amember
with (-0.3621089) (-0.3601208) (-0.3641803)  -0.0045 0.1272
respiratory o o .
problems N=420 N=171 N=249
Afissed 0.4 __D':f?ﬁ_ﬁﬁ__ 0.5142857
school daw (01234748
due to -0.0806947 N=60 -01052452 -0.247619 1.5578
respiratory
problems N=130 N=T70
08621444  0.8333333  0.8808664
Fambies | 45451961 (L0.3737175)  (-0.3245319) -0.047 1.398
Boihing water | * : - . . ;
N=457 N=180 N=277
Miszed 01632174 00740741 0.2439016
school darz
due to (-0.0477254) (-0.0582283) (-0.0726386) -0.1718276= 1.8148
diard eal
problems =115 N=34 =51
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Table 3: Probahility of receiving the voucher according to the variables

selected to create the sample. Logit model

Covariates Coef. Std. Exx. z
Number of azzetz 03734344 02086363 1.8
Telephone -0.2033043 04008617 051
Social Programs 09374904 04338963 216
Water inside home -0.1197838 0.4948397 024
Latrines inzide home -0.2386807 0.3533323 -0.48
Floor: Sod -1.168781 06310209 027
Walls: no brick 2186195 1.297188 1.69
Roof: no concrete 134433 1.2534084 -1.07
Improved stove -0.77B1464 0.3991428 -1.3
Traditional stove -1.285939= 0542038 -2.39
Electscity monthly 0.0009491 0.0087091 0.11
expenses
H Head: Primary Ed. 1128722 0.3343734 21
H. Head: Secondary Ed. 00362102 0.6033719 0.9
H. Head: Hipher Ed. -0.31538534 1078365 -0.48
H Head: Gender 01196766 0.7370068 0.16
H Head: Age 00183778 00162801 1.14
Spousze: Prmary Ed. 0.1935399 0.8180267 0.24
Spouze Secondary Ed -0.2167094 09998586 022
H. Head: Illitesmey 00763582 06102327 013
g T
Spouse: Without 04042993 0.7203023 0.56
Eduvecation
No workersz aft home 04317613 09368436 046
Vinchosz 4 B727 06294202 6.31
Andres 09860671 126331 0.76
Carmen Alto -039402 1.233213 -0.48
Socos 04095248 08783933 047
_conz -4.811994 1.618312 297

=== Spmbicant at 1%; ™ agnificant at 3%%

=

zp ficant at 10%%



Table 11: Logit for the sample of households with LPG cocking

Var. Coef Std. Exx.

Number of aszets 32496317 0.2983913
Telephone -1.020837= 0.3850285

Socia programs 1.079476% 06347733
Water inzide home 00383169 0.7938815
Latnne inside home -.7202035 07684411
Floos: Seil -1.186694 0.B636388

Wallz: No brick 2. 3440699 1336335
Roof: No concrete -1.1974303 1316994
Improved stove -0.0063343 07914977
Traditional stove 12744241 0.6392973
Electricity menthlv expenses Q0075988 C.0088002
H. Head: Ed Primary 1.5369355" 891957
H. Head: Ed Secondary -1.4195864 0910116
H. Head: Higher Education -1.326288 1315432
H Head: Gender -1.356501 100627

H Head: Age -.003354 00231735
Spouse: Ed Pomary -1.73673351 1L.03986
Spouze Ed Secondary 01281161 1.322667
H. Head: Tliteszcy 2407592 128776
Spouze: No Eduocation -11180952 0.9673354
Non-working membess (houvsehold) 4 233735 2347133
Vinchos 3.269665 09570976

Andres 1.632889 1.343142

Carmen Alto -0.8307736 1.297014

Socos 1.521112 1181748

_cons -4. 20932 2082359

N 240
R? 06684
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Table 13: Missing days from school of children (2-17 years old) due to
respiratory problems

Ourcome indicator Estimation Treatment effect t-statistc Observations

-0.2435897~

Missed scholol days | Nearest neighbour (:0.03587041) 1.63 172

duc to respiratory o
problems Kernel LI 0.97 172
(0.181638) 2

4 Significant at 1%0; ** significant at 5%; * significant at 10%

Table 14: MNissing days from school of cluldren (2-17 years old) due to
diarrheal problems

Outcome i . - .y .
T Estimation Treatment effect t-statistic Observations
mdicator
. ) Toar () 73R4S0 ok
Missed school se“fﬁt [""J__t’_"]"j]? : 318 155
davs due to neighbour (-0.0748818)

diartheal ) 0.2400228%* _ .
problems Kernel (:0.1296772) 1.85 155
== Significant at 1%; ** significant at 3% * significant at 10%
Table 15: Fuels used for heating
Quartile 1 Quartile 2 Quartile 3 Quartile 4
Only wood 48.50% 58.66% 30.78% 21.74%
Only LPG 1.51% 4.01% 13.46% 21.74%
Only Electricity 0% 1.33% 0% 15.22%
Electricity and S o S 2 (o
e 7.57% 6.6 7.69% 13.04%%
Wood and o0 A o . o
Modern Fuels +2:42% 29.33% +8.07% 28.26%
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Table 16 Types of stoves at home

Quartile 1

Quartile 2

Quartile 3

Quartile 4

Only LPG
Oaly Improved

Only Traditional
LPG and

Improved
LPG and
Traditional
Traditional an
Improved
All three types

It does not cook

13.89%
9.26%

24.07%
17.59%
29.63%
0.93%

3.70%

0.93%

18.89%
11.11%

0%

)

33.33%
4.76%
3.

70
Y

n

44.44%
1.11%
4.44%

Table 17. Proportion of weekly meals cooked 11 LPG stoves

Quarrile 1 Quartile 2 Quartile 3 Quartile 4
0-25% 40% 24.69% 15.15% 3.80%
26% - 50% 11.43% 14.81% 13.13% 7.61%
75% 11.43% 12.35% 17.17% 13.93%
76% - 100% 36.19% 48.12% 54.54% 74.69%

Table 18. Proportion of weekly meals cooked 11 LPG stoves (households with
LPG stove)

Quartile 1

Quartile 2

Quartile 3

Quartile 4

4.69%,
18.76%
15.64%

60.93%
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5.61%
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0%
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Chapter V: Conclusions

Access to water and energy services is essential for improving the health
and the quality of life of the population living in developing countries. The
importance of these services was recently pointed out by the United Nations
when it established the Sustainable Development Goals for the eradication
of the poverty.! Unfortunately, only 1 out of 3 people living in rural areas
worldwide rely on piped water and also more than 1.2 billion of rural population
still use pollutant contaminants as cooking fuel. The aim of this thesis has been
to analyse different policies that can improve the access to these services in
rural areas of developing countries. In particular, this thesis contributes to the
theoretical and empirical literature analysing the provision of public services in
developing countries. In this sense, Chapters II and IIT have analysed different
regulations that can increase the coverage of safe water in rural areas, and
Chapter IV has evaluated the FISE program created in Peru for promoting
the use of LPG as a fuel for cooking.

Chapter II proposes a theoretical model aimed at analysing the strategic
reaction of water utilities facing the competition of a group of water vendors.
Previous literature has not considered the effects of competition and regulation
on the product line of water utilities and on their investment plans. This
chapter explains the optimal strategy of water utilities in this scenario and
analyses how the regulation of prices can increase social welfare in both urban
and rural areas.

Communal water organizations are a prevalent provision system in Latin
American and Peru, but in spite of their relevance they have received very little
attention in the literature. Chapter III uses data from the ENDES survey in
Peru to evaluate the performance of the Juntas Administradoras de Servicios de
Saneamiento (JASS), that are communal organizations in which the Peruvian
government has delegated the provision of water services in the rural areas. In
addition, the chapter analyses the main factors that can influence the creation
of this type of organization.

Finally, using a database created by OSINERGMIN, the national regula-
tory agency of the energy sector in Peru, Chapter IV analyses the FISE pro-
gram developed in 2012 to promote the use of LPG cook stoves. The program
consists in delivering discount vouchers to the poor households of the country

for the purchase of LPG cylinders, and therefore it does not have a direct effect

Thttps://sustainabledevelopment.un.org/topics
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in the price paid by medium or high income households. In the Chapter it is
applied the matching methodology to evaluate the impact of this program in
the cooking habits of the population and in different indirect measurements of
the population health.

Next we summarize the main findings of each chapter, and we discuss their
policy implications. In addition, for each chapter we present different research

lines that could be explored in the future.

1 The regulation of water provision in devel-
oping countries

Chapter II develops a theoretical model that shows how the presence of water
vendors can alter importantly the decision of water utilities to expand piped
water and the mix of technologies used to deliver the service. In the first
part of the chapter we consider the case of an unregulated water utility. We
show that in order to fight against vendors, the utility can offer both indoor
connections and standpipes with different quality levels. On the other hand,
the profitability of the utility in each village determines its coverage level.

The model shows that the presence of water vendors has a positive effect in
the consumer’s surplus in the attended villages. This is because the utility re-
leases standpipes to fight against vendors. As a consequence, in each attended
village there is more population with access to the service. In addition, the
utility reduces the price of the water served through indoor connections. More-
over, we also show that there is a group of population that gains access to the
service thanks to the existence of water vendors. To summarize our findings,
we identify the existence of the following trade-off: the existence of water ven-
dors favours consumers in the villages covered by the utility because a large
number of low income consumers can access the service and consumers pay
lower prices. However, the presence of vendors reduces the utility’s revenues
and as a consequence it reduces its coverage. Any policy aimed to increase
access in urban areas should take into account its effects into the coverage of
indoor connections.

The second part of the chapter considers the case in which the water utility
is regulated. The imposition of a universal service obligation for standpipes

can alter the optimal decision of the utility in relation to the coverage of
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piped water. Specifically, if the utility is forced to connect all the country with
standpipes its optimal decision is to reduce the coverage of indoor connections.
This situation is due to the fact that in some villages it is more profitable
to offer only standpipes to all population instead of offering both services.
This result highlights the presence of another important trade-off between the
number of villages with standpipes access and the number of villages with
access to indoor connections. This trade-off can be mitigated by reducing
the price of standpipes’ water in rural areas, since this policy increases the
profitability of indoor connections. On the other hand, the regulations that
reduce the price of indoor connections make this service less profitable and
reduce the coverage of the service. In this scenario, subscribers to piped water
pay less for the service, but a larger group of consumers are left without indoor
connections. So, another trade-off arises when the water utility is regulated: a
low price of indoor connections in urban areas benefits consumers in this area
and makes more consumers to switch from water vendors to indoor connections.
But when this happens the utility reduces its coverage, which harms a part of
the consumers of the rural areas. Thus, regulators should take into account
that universal service obligations can alter the optimal decision of the utility
when deciding the coverage of piped water.

Finally, the last part of the chapter considers the case in which the regulator
decides to split the management of indoor connections and standpipes to avoid
the degradation in the quality of standpipes. We assume the case in which
the utility is in charge of managing the water indoor connections and there is
another firm managing standpipes in all the country. Our results show that the
horizontal separation of the utility reduces the coverage of indoor connections,
due to the reduction of revenues coming from standpipes. This situation can
be mitigated (or worsen) if the regulator sets a uniform price for standpipes
throughout the country. Specifically, coverage of standpipes is higher if the
costs of expanding pipes are high, and it is smaller if they are low. When the
costs of expanding pipes are high, the two firms compete in a few villages, so
the imposition of a uniform price forces the standpipes’ providers to increase
the price and to set it closer to the monopoly price. This situation incentives a
significant group of consumers to shift from standpipes to indoor connections,
increasing the profits of the utility and its coverage. On the contrary, when
the costs of expanding pipes are low, the utility competes in a large number of

villages, so the imposition of a uniform price forces the standpipes’ providers
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to set a price close to the competition price in the duopoly area. As a result,
the utility’s profits are smaller in the urban villages and it chooses a smaller
coverage.

To sum up, our findings can be useful to orientate water policies in develop-
ing countries. The existence of water vendors can alter the optimal decision of
local water utilities, so regulators should analyse carefully this scenario when
they design their policies. Also regulators face several trade-offs when trying
to achieve universal access. Increasing access with standpipes throughout the
country can benefit the population in rural areas but, on the contrary, it can
harm the urban population. That is, this policy will increase the population
in the country with access to standpipes but it can reduce the population with
access to indoor connections because the utility reduces its coverage. In this
scenario, price regulation could incentive the utility to increase its coverage.
Finally, the decision of supplying indoor connections and standpipes through
two independent firms can also reduce the population with access to indoor
connections. This situation can be mitigated if the regulator forces the firm
managing standpipes to fix a uniform price in all the country but, as we have
shown, it is important for the regulator to know the extent of the costs of ex-
panding pipes. If costs are too low, this policy could reduce indoor coverage.
Our results can help the policy guide of regulators in developing countries in
order to improve the access to a good quality service in their countries.

Also, it is important to note that rural population in developing countries
has limited resources to pay for the service. Future research should take this
problem into account. In this sense, our theoretical model could be extended
to consider that the households’ willingness to pay is different in urban and
rural areas. This analysis will be useful to better orientate universal access

policies in this sector.

2 Community managed water systems: the

case of Peru

Peru is a country that has benefited from an important growth in last years,
but a large number of the communities living in rural areas still face severe
problems to access safe drinking water and clean energy sources. In the case of

water services, despite the efforts made in the last decades, piped water cov-
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erage in rural areas is significantly lower than in other countries of the region.
Since the nineties, the regulation of the water sector in Peru has undergone a
major change. On the one hand, there has been an important decentralization
process to give more responsibility to the regional and local municipalities for
managing and supervising the provision of the service. On the other hand, the
government has established a clear separation in the regulation of urban and
rural areas, and has promoted the participation of rural communities in the
expansion and management of the water systems. In urban areas the service
is usually provided by large public firms that are under the responsibility of
local and regional governments and supervised by SUNASS, the national water
regulatory agency. In the rural communities of less than 2,000 inhabitants the
service is usually provided by communal organizations that are called Juntas
Administradoras de Servicios de Saneamiento (JASS), which are supervised by
local governments. In many communities, however, the provision of the service
is not organized by any communal or public water system, and people need to
collect water from streams, lakes, or other sources.

Chapter III has shown that communal organizations have an important
presence in Latin American countries. It has also described the main reforms
in the water sector undertaken in Peru in the last years. The second part of
the paper explains that the presence of JASS in a local community is related to
its ethnic and socioeconomic characteristics. Communal water organizations
are more prone in municipalities with a large percentage of the ethnic group
of Quechuas and in areas where the Inca settlements used to be. The JASS
also tend to be the provision system in municipalities with fewer technical
and professional resources capable of operating the service and, due to the
regulatory changes introduced in the 1990s and 2000s, they are also prevalent
in the rural areas of each municipalities (i.e. rural population units).

Moreover, it seems that the JASS do not appear to perform significantly
worse than the public systems. First, fees charged by them are lower than
those set by public firms or local governments, which facilitates the access to
water. As a downside, the fees charged by the JASS do not always cover the
costs of operation and maintenance of water systems, and in some instances
these infrastructures get deteriorated. Second, although access to piped water
is less common in the JASS, the quality of the water service does not seem to
suffer significantly. Communal systems offer more uninterrupted service and

the storage of water is lower than in the case of households served by public op-
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erators and local governments. Thus, the JASS seem to be compensating their
lack of financial and technical resources with the volunteer work of their mem-
bers, their higher incentives to provide safe water and their higher knowledge
of the needs of the community.

The analysis of the Peruvian experience suggests that despite the limita-
tions of the communal organizations, they might be a cost-effective way to
provide water services in rural regions of developing countries. This finding
suggests that regulators should give support to these institutions to promote
the access to water services. It is important to note that the performance of
the JASS depends crucially on the training received by their members. Bearing
this in mind, regulators should promote the creation of specialised agencies to
train and give technical support to the JASS members. Without appropriate
training, community members will not know how to treat the water and main-
tain the infrastructures, so the system could deteriorate or collapse. On the
other hand, it is important to notice that one important factor for the success
of this type of organizations is that they know the needs of their communi-
ties. In this regard, any policy aimed to provide water to rural communities
or to improve the quality of the service needs the involvement of the local
communities.

Finally, future research should analyse the governance problems and the
performance of communal organizations. It is important not only to know
which are the results of these organizations in short but also in long term once
the boarding members rotate. Thus, for example, it will be interesting to know
how the technical and the economic knowledge is transmitted between boards.
If knowledge is not conveniently transmitted it is expected that in the medium
term this systems will be degraded and consumers might look for alternative
water sources. Taking this into account, water regulators might be needed to
assist the JASS when there are changes in the management board. Finally,
it will be very interesting to analyse how this type of organizations internally

operate in order to know their governance problems.
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3 LPG Cook stoves in Peru: Evaluation of the
FISE Program

In 2012 the Government of Peru created the “Fondo de Inclusién Social En-
ergético” (FISE), which promotes the access to clean energy to the most vul-
nerable population and reduces energy inequality in the country. In order to
reduce the use of biomass as cooking fuel, the FISE uses two types of economic
measures: the free delivery of LPG cook stoves and the concessions of monthly
vouchers for the purchase of LPG cylinders to poor households. As far as we
know, these policies have not been applied in other Latin American countries.

Chapter IV has described the main characteristics of the FISE program
and has evaluated its results. Since its creation in 2012 more than one million
households have benefited from this program. Nowadays, the FISE operates in
100% of the regions of Peru and 92.6% of the country’s districts. In this chapter
we have used a data set created by OSINERGMIN that collects information
about the application of the program in five Peruvian districts. Our analysis
has shown that targeting the poor population can efficiently increase the use of
LPG stoves for cooking purposes. The reception of the FISE voucher increases
the number of meals cooked weekly with LPG stoves in 9 meals. This value
can increase up to 12 meals per week in the case of the poorest households.
Thus, it is shown that the program has succeeded in increasing the use of LPG
as cooking fuel and also achieved a higher impact on the lower-income strata
of society. In spite of this, the program has not been able to force the complete
replacement of traditional stoves for LPG ones.

In terms of health, our analysis finds no direct link between the reception
of the voucher and a reduction in cough or respiratory problems. Moreover,
the reception of the voucher does not seem to reduce the number of days that
children miss school due to respiratory problems. These results could be due
to the fact that poor households continue using traditional stoves but also
because they use biomass for heating purposes. Taking this into account, our
policy recommendation to improve the quality of life of the poor population
is to incentive the total substitution of pollutant fuels by cleaner ones inside
the homes. In this sense, it is important to reduce the price of LPG, but also
to improve the access to clean and cheap energies for heating purposes, for
example, enabling poor populations to get access to electricity in their homes.

One of the most interesting results of this chapter is that the FISE voucher
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facilitates the substitution of traditional or improved stoves for LPG ones to
boil water. One explanation for this is that less time and resources are required
to boil water with LPG stoves than with traditional ones. Our analysis has
also found that children from households receiving the voucher miss less days of
school than children of non-beneficiary households due to diarrhoea potentially
caused by the poor quality of the water.

The results of this research can be useful in guiding energy policies in de-
veloping countries where major health problems arise from the use of polluting
fuels for cooking and heating. Our analysis shows that the use of vouchers can
be an effective mechanism to promote the use of LPG as cooking fuel, because
they allow focusing the intervention in poor households. In some developing
countries governments subsidize the price of LPG as a way to increase its use.
Unfortunately literature has shown that this is a regressive policy, because
high income households are those that make a more intensive use of this en-
ergy. In the case of the FISE program, as the voucher is only delivered to the
poorest households, it does not imply a redistribution of income to the richest
households.

Future research should consider extending this analysis at the national level
to obtain a representative sample and get a more accurate view of the effects
of the program. Moreover it will be important to get measurements of the
indoor contamination. In this sense, our study could be considered as a first
step to further analysis.

Finally, taking into account that the use of LPG stoves reduces the time
spent collecting fuel and cooking, it will be interesting to analyse if the FISE
program improves the quality of life of poor households thanks to the time
that can be used to carry out other productive activities. Moreover, it also
will be interesting to analyse if the program has improved the education level

of children in the households that use the vouchers.
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