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ABSTRACT

The energy matrix of Latin American and the Caribbean countries has one of the largest renewable energy
components when compared to other regions of the world. Nonetheless, by 2009 nearly three-quarters of its
structure corresponded to fossil fuels, with most of the countries being net importers of these fuels. This situation
marks the region’s dependence on the effects of changes in energy commodities. Therefore, the opportunity
lies in higher use of renewable energy sources that contribute to the country’s energy security and represent
significant environmental benefits. The purpose of this paper is to provide a comparative analysis of current
energy scenarios of six Latin American countries (Mexico, Honduras, Nicaragua, Brazil, Ecuador and Chile)
in order to evaluate the policies, programs and strategies implemented in the search for greater participation
of renewable energy. Considering the importance of the water-energy nexus that could serve to promote
renewables under conditions of water scarcity, a qualitative data comparison was accomplished, considering
energy consumption, CO, emissions, GDP and water withdrawals per country. The authors conclude that,
despite technological and financial constraints, all the involved countries are moving towards the substitution
of a fossil fuel based matrix to a renewable one. This process could be seen as a result of clear policies and
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RESUMO

1. Introduction

Our planet faces severe social, political, economic

strategies that have been set, which include (but are not limited to) price regulations setting, preferential prices
to electricity generated through renewable energy technologies and incentives formulated to encourage the
production of biofuels.

Keywords: water and energy nexus; renewable energy; public policy.

A matriz energética dos paises da América Latina e Caribe tem um dos maiores indices de energias renovaveis,
quando comparada a de outras regides do mundo. No entanto, até 2009, cerca de trés quartos de sua estrutura
correspondia a combustiveis fosseis, com a maioria dos paises sendo importadores liquidos destes combustiveis.
Esta situacdo marca a dependéncia da regido dos efeitos das mudancas nas commodities energéticas. Sendo
assim, a oportunidade esta no maior uso de fontes renovaveis de energia, que contribuem para a seguranca
energética do pais e representam beneficios ambientais significativos. O objetivo deste trabalho é fornecer
uma analise comparativa dos cenarios energéticos atuais de seis paises da América Latina (México, Honduras,
Nicaragua, Brasil, Equador e Chile), a fim de avaliar as politicas, os programas e as estratégias implementadas
na busca da maior participagdo das energias renovaveis. Considerando a importancia do nexo agua-energia,
realizou-se uma comparagdo de dados qualitativos, considerando o consumo de energia, emissdes de CO,,
PIB e retiradas de agua por pais. Os autores concluiram que, apesar das limitagdes tecnoldgicas e financeiras,
todos os paises envolvidos estdo se movendo para a transformagao de uma matriz baseada em combustiveis
fosseis para uma matriz com bases renovaveis. Este processo pode ser visto como resultado de politicas claras
e estratégias que foram definidas, que incluem (mas nao estdo limitadas) a defini¢ao de regras de pregos, pregos
preferenciais para a eletricidade gerada por meio de tecnologias de energia renovavel e incentivos formulados
para incentivar a produgdo de biocombustiveis.

Palavras-chave: nexo agua-energia; energias renovaveis; politicas publicas.

On a global level, approximately 90% of the energy
consumed comes from nonrenewable fossil resources,
whose depletion is constantly higher, which is why the
countries of the world are seeking alternative energy

and environmental crises that require a profound change
in direction. Indeed, human-induced global warming, the
generation of toxic waste, deforestation, harm to human
health, and geopolitical problems resulting from the de-
pletion of easy-to-access fossil fuel' resources are threats
that endanger the welfare of the earth and its inhabitants.

One issue that deserves immediate attention is the
current global energy matrix, which is characterized by
a total dependence on fossil fuels. Besides discussing
for how long coal, gas and oil reserves will exist, we
are required to significantly reduce the burning of fossil
fuels to avoid accelerating climate change, which would
have catastrophic consequences. Thus, it is not an op-
tion but an ethical responsibility to seek an alternative
energy path.

sources’ (International Energy Agency, 2012). It should
be noted that population growth, as well as economic
development, generate a higher energy demand. Accor-
ding to Leff (2013) “the environmental crisis expresses
the limits to growth, the unsustainability of economic
rationality and technological reason”.

The energy matrix of Latin American and the
Caribbean countries has one of the largest renewable
components if compared to other regions of the world,
but even so in 2009 nearly three-quarters of its structure
corresponded to fossil fuels (OLADE, 2011). Moreover,
while there is a significant regional availability of oil,
coal and gas resources, these are concentrated in few
countries being net importers of most of these sources.

! Fossil fuel refers to carbon, oil, petroleum and natural gas (International Energy Agency, 2013).
2 The world total primary energy supply in 2010 was composed by: 32,4% oil, 27,3% coal/peat, 21,4% natural gas, 5,7% nuclear, biofuels and

waste 10%, hydro 2,3% and other 0,9%.
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Other countries currently can feed themselves and
eventually export some surplus of oil, face medium-term
depletion of their reserves due to high growth rates of
their economies and energy demand.

This scenario undoubtedly marks the region’s
vulnerability to the effects of changes in international
prices of energy commodities, which may occur as it
has happened sometimes in severe economic crises.
The opportunity is in the use of renewable energies that
contribute to improve the environment and help mitigate,
as much as possible, climate change and its collateral
effects. As it will be discussed below, it is important to
have an efficient regulatory framework that allows an
adequate performance of the renewable energy market,
as well as to promote the development of technologies
that generate the best possible economic and social be-
nefit for a country. According to Machado, Vilani and
Chame (2012) “the loss of environmental quality and
the reduction of the stock of natural resources require a
new direction on the agenda of topics and issues to be
discussed and institutionalized through the development
and / or improvement of public policies”.

Despite the fact that the analysis of public policies
and renewable energy scenarios has been previously stu-
died by other authors for several countries of the world,
Arnette (2011), Devine (2005), Moosavian (2013), Ya-
mussa I (2013), an assessment of Latin American coun-
tries has yet to be done. Considering these issues, this
paper attempts to fill this gap and describe the renewable
energy scenarios and public policies of six Latin Ame-
rican countries (Mexico, Honduras, Nicaragua, Brazil,

Ecuador and Chile). These countries were not chosen
randomly; instead it was the result of a joint development
study that began in a training held in La Serena (Chile)
in June 2013, titled Adaptive Water-Energy Management
in the Arid Americas.? The authors, one from each coun-
try, studied the scenario of their respective country and
contributed to this comparative study.

In section 2, the paper presents the renewable ener-
gy scenarios for each country through consistent data and
brief analyses.* In section 3, comparative data of these
countries will be presented, including fuel fossil energy
consumption, alternative and nuclear energy consump-
tion and carbon dioxide emissions, the world average for
20103, as well as Gross Domestic Product (GDP) of these
countries and annual freshwater withdraws, considering
that water and energy are intricately linked.

Subsequently, section 4 will consider comparative
perspectives with an explicit focus on public policy
questions and section, considering that a diversified
energy matrix based on renewable energy sources that
operate in a decentralized manner could provide better
energy security, reduced vulnerability of the system and
greater environmental benefits in the countries studied.
Section 5 concludes by synthesizing the findings derived
from individual countries, and presenting a preliminary
prognosis for Latin America.

Thus, a synthetic and comparative view allows us
to derive some generic lessons for countries not included
in the study and for regions other than Latin America.
There are actions and strategies (Sustainable Light Pro-
gram in Mexico, Chile’s National Energy Strategy, Good

3 The training involved advanced conceptual and practical training by international experts in the use and adoption of tools to address linkages
between water resources and conventional and non-conventional energy, and interdisciplinary physical and social science approaches to water
and energy joint management. The objective is to strengthen water and energy security through joint management in the context of adaption to
global change in the Arid Americas (AQUASEC, 2013).

4 Despite the dilemma in scientific circles about its classification, for this study hydroelectricity will be considered a renewable energy resource
According to Environmental Protection Agency of USA (EPA, 2013). Hydroelectricity is considered renewable because it uses the Earth's water
cycle to generate electricity. “Although hydropower has no air quality impacts, construction and operation of hydropower dams can significantly
affect natural river systems as well as fish and wildlife populations”. Furthermore, hydropower's air emissions are negligible because no fuels
are burned, unlike plants powered by gas, coal or oil.

* The primary greenhouse gases in the Earth’s atmosphere are carbon dioxide (CO,), methane (CH,), Nitrous oxide (NO,) and Fluorinated gases.
According to OLADE (2011), the most widely used method of emissions inventory is the Method of Reference, which applies only to estimate
carbon dioxide emissions, quantified at an aggregate level. CO, emissions from combustion of fossil fuels, unlike other greenhouse gases, can
be calculated from an acceptable degree of accuracy from the calculation of the amounts of carbon in the fuel, while the volume of the remain-
ing emissions depends on technologies and combustion conditions. In short, CO, emissions are directly linked to a country's energy matrix.
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Living Plan in Ecuador, PROINFA in Brazil, Nicaragua’s
Generation Expansion Indicative Plan and the Honduran
Nation Plan) to diminish the use of petroleum and the
promotion of renewable energy.

2. Renewable energy scenario in some Latin
American countries

2.1. North America

a. México

The energy sector in Mexico is a key factor that in-
fluences the economical, productive and social develop-
ment of the country; therefore it is of extreme importance
for the Mexican economy. For the year 2010 in Mexico
88,8% of its energy derived from fossil fuels, 6,7% from
renewable resources such as hydro, geothermal, solar,
wind and biogas, and only 3,8% from biomass (Sistema
De Informacion Energetica, 2013).

The Mexican economy is highly dependent on
petroleum production. However, the extraction of pe-
troleum is diminishing and nowadays there are great
difficulties to keep constant supply, which is why
strategies for diversifying the ways energy can be ob-
tained are being planned. In Mexico the participation
of renewable energy represents only a low percentage,
and observing the current development of clean energy
production, a slightly significant short-term growth
projection is expected (Dominguez, 2011). However, a
strategy for a cleaner energy matrix has come in effect
through different policies and programs that incentivize
low energy consumption by the population, disposable
of high-energy consumption equipment, energy saver
light bulbs, among others.

According to the Secretariat of Energy (Mexico),
by 2010 the installed wind power capacity was 500
megawatt (MW) between public and private projects,
and it is expected that at least 4% of Mexico’s installed
electrical capacity will be mostly wind (MEXICO, 2011).
Furthermore, the wind power national energetic potential
is around 71,000 MW considering only 10% of the total
potential area (MEXICO, 2011). Additional initiatives,
such as the Programa Luz Sustentable (Sustainable Light

Program) in Mexico, have helped reducing the emission
of Greenhouse gases in approximately 2,8 million tons
a year.

2.2. Central America

a. Honduras

The Honduran energy matrix has experienced
constant changes in the past decades. In 1980, for
example, the Francisco Morazan “El Cajon” dam was
built and provided 100% of residential and 69% of total
energy required by the country. However, due to an 8%
annual energy demand increase, a prolonged drought and
technical construction flaws, the energy matrix changed
(FAO, 1996). Currently, Honduras is highly dependent
on hydrocarbons for energy generation with exception
of Guatemala and Belize. Besides that, Honduras is a
net importer of petroleum fuels, mainly from the U.S.
(48,8%), Ecuador (13,1%) and Venezuela (13,1%)
(CEPAL, 2008). Central America has not confirmed
petroleum reserves, which makes it highly dependent
on foreign energy sources (CEPAL, 2009).

Honduras relies heavily on fossil fuels, with 62% of
the nation’s energy production coming from non-renewa-
ble sources, primarily, thermo-based power systems,
which are vulnerable to high and volatile international
oil prices. The remaining 38% comes from renewable
energy, 34% of which is hydropower (OLADE, 2011).
A strategy for the improvement of the energy matrix
has come to effect through public policies that promote
fiscal, financial and market incentives for renewable
energy production, as well as reducing legal requirements
for renewable energy projects among others. This is a
positive step forward as it is important to mention that
Honduras is the biggest generator of greenhouse gasses
in Central America due to its electrical energy sub sector
and its high dependence of thermal energy (Flores, 2010).

Honduras is now showing a boom in renewable
energy projects. Some examples are: the wind farm
built in the outskirts of Tegucigalpa, which generates
102 MW; a solar power project using photovoltaic
technology in Choluteca promoted by the group of
coastal communities (NASMAR) and the Spanish Co-
operation Agency (AECID). This project is located in
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the communities of San Jose de la Landa y Montecillo,
covering 151 hectares; it is currently under construction
and will produce 15% of the entire state energy demand
(Suelo Solar, 2013). Other photovoltaic projects are
currently generating 3,000 kWh a month (Alvarenga,
2013), as well as the “Aguan Electric Complex” located
in El Aguan watershed (Casallas, 2012), comprising of
Hydroelectric, Biomass and Photovoltaic generation.
These projects will help to change the energy matrix
and make it more sustainable (ENEED, s.f). Additionally
sugar plants are now supplying approximately 130 MW
from sugar cane bagasse, during sugar harvest, which
lasts five months (Azucar, 2013).

b. Nicaragua

The energy matrix of Nicaragua consists predomi-
nantly of fossil fuels. However, the share of renewable
energy has grown significantly in recent years. According
to the Nicaraguan Energy Institute (2012),in 2011, 65%
of its energy derived from petroleum and diesel, 30%
from renewable resources® and 5% from large hydro-
power plants (HCG). The energy pattern of Nicaragua,
which historically responds to a structural problem,
made it a country with high dependence on imported oil
(over 70% of thermoelectric generation with fuel oil and
diesel in 2007). This situation has limited Nicaragua’s
economic development because of the growing trend in
oil’s international prices. (OLADE, 2011).

Nicaragua has more than 5,000 MW of potential
capacity to generate renewable energy, of which 2,500
MW correspond to hydroelectric power, 1,500 MW to
geothermal energy, 800 MW to wind power and 200
MW to Biomass.

The Indicative Plan of Ministry of Energy and
Mines (MEM) states that for 2017 only 6% of generated
electric energy will come from thermoelectric plants,
contrasted with 65,3% in 2010 (OLADE, 2011). It will
increase generation from 3,321 GWh for 2010 to 4,823
GWh in 2017, with great participation of hydropower
and geothermic energy, with 41% and 35% of total
generation. (MEM, 2011b)

Even though renewable energy is a step forward,
there is a long way ahead before it can be seen also as

“sustainable” energy. The country needs investments to
change fuel wood consumption patterns and associated
deforestation, as well as a stronger regulatory capacity
to ensure that big investments for the construction and
operation of renewable electric energy also meet the
required environmental standards.

In a recent publication from the United Nations
Environment Program (UNEP, 2008), which compares
emissions in Latin America, Nicaragua is the Mesoa-
merican country reporting fewer emissions per capita,
ranking among the four countries of Latin America with
lower emissions. Nevertheless, the change in the electric
matrix will mean a significant emission reduction.

2.3. South America

a. Brazil

Brazil has one of the most privileged energy
matrices of the world, with almost half of the energy
(44,1%) arising from renewable sources, while the world
average is 13,3%, and in developed countries, only 8%
(Ministry of Mines and Energy — MME, 2012). The main
renewable sources in the energy matrix are: sugar cane
biomass (15,7%), hydropower (14,7%), firewood and
charcoal (9,6%), lixivium and others (4,1%).

Regarding electrical power generation, the Brazilian
scenario is even more sustainable, with 88,5% of renewa-
ble sources. According to the National Energy Report
(NER, 2012), produced by the Energy Research Company
Brazil, the renewable electricity production expanded by
2,5 percentage points in 2011, due to favorable hydrolo-
gical conditions and increased wind generation. Brazilian
power model remains heavily dependent on hydropower,
which represents large dependence on current and future
sector in relation to water use available in the country.

The electricity generation in Brazil increased
3,1%1in 2011 over 2010, reaching 531.8 TWh. The main
generators are the public utilities, with 85,5% of total
generation, which uses hydropower as the main source.
The electricity generation from fossil fuels has decrea-
sed, with 18,9% of the national total in 2011 against
21,4% in 2010 (EPE, 2012).

¢ Composed by 5% small hydropower (SHP), 6% wind, 8% geothermic and 11% biomass and wastes.
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The sectors that consume the most overall ener-
gy are: industry (35,9%), followed by transportation
(30,1%), residential (9,5%), energy sector (8,9%), com-
mercial and public services (4,4%) and agriculture (4%).
Industrial production, freight transport and mobility of
people and families represent 66% of energy consump-
tion in the country (NER, 2012).

To produce and consume energy, every Brazilian
emits on average 2 tons of CO, per habitant (tCO_/hab),
which is four times less than Europe (7.1 t CO,/hab),
nine times less than the United States (16.9 t CO_/hab)
and less than half of China (5.1 t CO /hab).

The Brazilian government has developed policies
and programs to promote research, development and
innovation projects for power generation from renewable
sources, such as the Incentive Program for Alternative
Sources of Energy (PROINFA), the National Program
for Production and Use of Biodiesel and the National
Agroenergy Plan, which will be presented on section 4.

b. Ecuador

Ecuador’s energy matrix has changed during the
years, but in general, the two dominant sources of ener-
gy in the country, for 2008, were petroleum (81%) and
hydropower (9%). The modernization of the country has
manifested itself in the structure of the energy matrix.
While in 1970 44% of the matrix was based on the tradi-
tional use of biomass (charcoal and firewood, mainly), in
2008 it was only 6%. There were a 50% increase in fossil
fuel based energy and 9% in hydroelectricity in the same
period (OLADE, 2011). A key political factor that has
influenced the energy matrix is the subsidies to petroleum
derivatives, which in turn contributes to an unsustainable
energy use. Due to the high dependence on few energy
sources and high petroleum use generated in the energy
matrix, the government has proposed a matrix reversion
as a strategy of their Good Living National Plan’ (Centro
Ecuatoriano de Derecho Ambiental — CEDA, 2011).

This new matrix is based on a rise in the national
production of renewable energy, and the promotion of

projects using alternative energy such as those financed
by the Fund for the Electrification of the Rural and Mar-
ginal Urban (FERUM)? (FEDETA?’, 2013). The strategy
of'this proposal includes the development of big hydroe-
lectric plants especially in the Amazonian watershed. In
this respect, 86% of the expansion projected for 2020 is
based on hydroelectric sources, and 6% on other renewa-
ble sources (CEDA, 2011). Regarding CO, emission, in
2010 Ecuador emissions per capita were about 2,2 metric
tons, the same level of Brazil, and below Chile (4,2) and
Mexico (3,8) (World Bank, 2013).

c. Chile

The energy matrix of Chile is composed by 90%
petroleum, 4% natural gas, 3.3% hydropower, 1.4%
sugar cane, 1,3% firewood (Ministry of Energy — ME,
2012).

Chile has a strong external dependence associa-
ted with the import of energy used, which in 2011 was
around 78% of the country’s total energy matrix (ME,
2013). Imported energy is consumed in the form of coal,
petroleum and gas. This situation exposes the country
to variations of international fuel prices raising the final
costs of the energy, which are transferred to consumers.
The Chilean energy matrix is primarily based on ther-
moelectric and hydroelectric energy.

The Chilean electric matrix comprises two electri-
cal systems of great extent: the Central Interconnected
System (SIC), which corresponds to 73,6% of total
installed capacity; the Large North Interconnected Sys-
tem (SING), which represents 25,6%, and four minor
electrical systems: Aysen Electrical System, Magallanes
Electrical System, the Lakes Electrical System, and the
Easter Island Electrical System. These electric grids are
configured by installations of generation stations, electric
substations, transmission lines and distribution lines that
interconnect all of the projects described above. Curren-
tly the electric energy generated by renewable sources
reaches 5,06% of the installed capacity of the national
energy matrix, considering for these calculations the

" The National Action Plan 2009-2013 has 12 targets to meet the needs of the communities. One of the targets is “‘guaranteeing the sustainability
of the natural heritage through the rational and responsible use of renewable and non-renewable natural resources” (Republic of Ecuador, 2010)
8 FERUM, Ecuadorean government program that aims to provide energy to rural and marginal urban areas of the country.

° FEDETA, foundation that works since 1984, which helps to improve the quality of life of the rural area, through the use and application of

technologies.
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biomass energy, wind energy, solar energy and hydroe-
lectric energy less than 20MW.

The SIC electric matrix is composed by 45%
hydropower, 22% diesel, 15% coal, 13% liquefied natural
gas, 3% biogas and 2% biogas, while the SING electric
matrix is composed by 52% coal, 28% diesel, 19% LNG
and 1% biomass, with no hydropower (Ministerio de
Energia, 2013).

The CO, emissions in Chile have increased during
the years. In 1990, the CO, emissions per capita were
2,6 metric tones, and in 2010, 4,2 — an increase of 60%
(World Bank, 2013).

3. Methodology

The following study uses a qualitative analysis
to identify aspects that should shape the development
of renewable energy, with the objective of establishing
successes and failures in public policies linked to this
subject within the context of climate change and re-
newable energies. Figure 1 presents the selected Latin
American Countries studied in this article.

The methodology consists of a state-of-the-art lite-
rature review in academic articles, institutional reports,
books, government reports and official national docu-

- Honduras

Ecuador Q

ﬂ\licaragua

Chile b

‘ Developed by:

Centro Internacional
de Hidroinformatica

1:756
Kilometers

4326

WGSsa,
of Basic C.

18GE

FIGURE 1 — Countries involved in the Study.

SOURCE: International Hydroinformatics Center— Brazil (2013)

Desenvolvimento e Meio Ambiente, v. 30, p. 11-30, jul. 2014.



ments about Latin American trends in renewable energy
sources, and in the scenario of renewable energy in each
country, including the energy matrix'’ and CO, emissions.
Considering that water and energy are intricately linked,
we will analyze and compare the energy consumption and
the annual freshwater withdrawals and electric power
consumption. Scott and Pasqualetti (2010) affirm that
managing water and energy separately is “shortsighted
and inefficient”. Treating them together, on the other
hand, will broaden the identification of emerging sustai-
nability challenges and lead the way for the increasingly
difficult challenges that decision-makers face; many of
who entertain “positive illusions” about the ease of fu-
ture policy choices. After this analysis, we will consider
comparative perspectives on public policy and we will
synthesize the findings derived from individual countries,
and present a preliminary prognosis for Latin America.
Energy consumption is a reflection of energy pro-
duction in the different possible schema. Figure 1 pre-
sents a comparative schematic of the energy consumption
behavior, as a result of its raw material and generation
process. In this way it represents the consumption
associated to fossil fuels, renewable fuels and waste!.
Alternative and nuclear energy'?, as well as carbon dio-
xide emissions, from this indicator are valid for Latin
America and the Caribbean, as the world average for
2010 is shown. The average energy consumption scena-
rio in Latin America and Caribbean for 2010 was: 73%

of fossil fuel energy, 16.5% of combustible renewable
and waste and 10,5% of alternative and nuclear energy,
all of them from total energy consumption (World Bank
Data Base, 2013).

In Figure 2, GDP" (current US$), Annual freshwa-
ter withdrawals' and Electric power consumption'® are
observed, all of them per capita. The aforementioned
indicators were extracted from the World Bank Indicator
Catalog and were used due to availability of information
for all the countries involved.

Subsequently we will consider comparative pers-
pectives with an explicit focus on policy and regulatory
questions, presenting the implications of policies against
these scenarios from the perspective of the energy sector
in Latin America and Caribbean. Lastly, we will conclude
by synthesizing the findings derived from individual
countries and present a preliminary prognosis for Latin
America.

4. Results

4.1. Comparison of energy scenarios of the
involved countries

All countries have different realities; therefore
general parameters need to be established in order to

1 The energy matrix of a country is all energy available to be processed, distributed and consumed in production processes, which expresses the
amount of energy resources offered by a country or a region. An energy matrix is a key element in the strategic planning of a country’s environ-
mental, human development, and economic objectives. Viewed across a region as diverse as Latin America, energy matrices reveal opportunities
and constraints that need to be challenged and each country has a duty to develop public policies to overcome this scenario (OLADE, 2011).
" Combustible Renewable fuels and waste comprises solid biomass, liquid biomass, and industrial and municipal waste (IEA, 2013).

12 Alternative and nuclear energy refers to clean energy that is non-carbon sources of energy that does not produce carbon dioxide when gener-
ated. It includes hydropower and nuclear, geothermal, and solar power, among others (IEA, 2013).

13 GDP per capita is gross domestic product divided by midyear population. GDP is the sum of gross value added by all resident producers in the
economy plus any product taxes and minus any subsidies not included in the value of the products. It is calculated without making deductions
for depreciation of fabricated assets or for depletion and degradation of natural resources. Data are in current U.S. dollars (IEA, 2013). World
Bank national accounts data, and OECD National Accounts data files.

1* Annual freshwater withdrawals refer to total water withdrawals, not counting evaporation losses from storage basins. Withdrawals also include
water from desalination plants in countries where they are a significant source. Withdrawals can exceed 100 percent of total renewable resources
where extraction from non-renewable aquifers or desalination plants is considerable or where there is significant water reuse. Withdrawals for
agriculture and industry are total withdrawals for irrigation and livestock production and for direct industrial use (including withdrawals for cooling
thermoelectric plants). Withdrawals for domestic uses include drinking water, municipal use or supply, and use for public services, commercial
establishments, and homes. Data are for the most recent year available for 1987-2002. Food and Agriculture Organization, AQUASTAT data.
13 Electric power consumption measures the production of power plants and combined heat and power plants less transmission, distribution,
and transformation losses and own use by heat and power plants. International Energy Agency (IEA, 2013).
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compare them'®, Table 1 compiles general basic charac-
teristics of the countries in this study.

Brazil has the largest territory extension of the
studied countries'’, followed by Mexico, Chile Ecuador,
Nicaragua and Honduras. It is important to review the
urban population percentage within each country because
energy and water consumption is a reflection of the deve-
lopment and urbanization of a country. If urban centers
increase, there is a higher demand for the development
of infrastructure and provision of services.

Although urban population data observed in Ta-
ble 1 correspond to 2012, according to the information
reported by the database of the World Bank, these values
have not had any significant changes in the last years.
For the countries considered in this study, Chile has the
highest percentage of urbanized population (89%), follo-
wed by Brazil (85%). In this sense, the rate of expected

population for 2030 (population growth percentage with
respect to 2012) in the case of Honduras and Ecuador
comes to attention.

The dynamic of the water cycle influences the
disposition of water in quantity and quality, as well as
of other resources. Evapotranspiration, precipitation and
filtration depends greatly on the type of land cover. The
cases of Honduras and Ecuador should be highlighted,
because they report a loss of forest cover of more than
two percent in the last four years. Chile, on the other
hand, not only has conserved their forest area, but has
also sought to increase it. In Latin America and the
Caribbean there is still a 48% forest cover area, a high
value in comparison to other areas of the world such as
Europe and Central Asia that only have 10% forest cover,
or the world average of 30,9% of forest cover (World
Bank Data Base, 2013).

1o In order to obtain annual per capita values, the second mentioned indicator, the available values were divided between the total population

for the same year 2011.

17 Brazil is the fifth largest country in the world, behind Russia, Canada, China and the United States.

Desenvolvimento e Meio Ambiente, v. 30, p. 11-30, jul. 2014.

19



TABLE 1 — General information in selected Latin American Countries.

Expected Popu-

Urban Popu- lation for 2030 Accessto  Piped Water

. Population . (% of popula- Electricity (% of the Forest area (%
2 0
Country  Territory (k) (person) latl(t)élt;l? of tion growth (% ofthe  totalurban  of land area)
compared with  population) households)
2012)

2012 2012 2012 2010 2010 2008 2011
Brazil 8,515.767 198,656.019 85,00 19,81 98,70 89,40 61,90 61,20
Chile 756,950.00 17,464.814 89,00 12,15 99,40 96,80 21,70 21,90
Ecuador 283,560 15,492.264 68,00 35,55 92,20 79,40 41,30 38,90
Honduras 112,090 7,935.846 53,00 42,39 79,90 86,80 48,50 45,30
Mexico 1,972.550 120,847.477 78,00 13,76 n/a 92,30 33,50 33,30
Nicaragua 129,494 5,991.733 58,00 22,10 72,10 65,90 27,00 25,30

Regarding the energy consumption, in Latin
America oil remains the most important fuel in primary
energy supply, with 45%, followed by coal and natural
gas. Fossil fuels represent about 70% of the regional
energy supply in 2005 (against 63% in 1971), in line
with the global trend. The domain of fossil sources in
regional energy has changed little since 1971 (CEPAL,
2008). Although hydropower has been the main energy
source of electricity for Central America in the renewa-
ble energy scenario, the region is now also emerging as
an important producer of ethanol with the main market
being the United States of America (Apergis, 2011).

Figure 3 shows that there is an ample dependence
on the generation and consumption of fossil fuels in the
countries involved in this study.

It is possible to verify that, in 2010, Mexico had
the highest percentage of fossil fuel energy consumption
(89%), followed by Ecuador (88%), Chile (78%), Brazil
(53%), Honduras (51%) and Nicaragua (45%).

The consumption of combustible renewables and
waste consumption is higher in Honduras (43%), follo-
wed by Nicaragua (41%), Brazil (31%), Chile (16%),
Ecuador (5%) and Mexico (4%). The comparison in
alternative and nuclear energy consumption shows that
its level is higher in Brazil (14,7%), followed by Nica-
ragua (10,1%), Chile and Ecuador (6,1%), Mexico (6%)
and Honduras (5,6%) (World Bank Data Base, 2013).

Regarding the CO, emissions, Latin America and
Caribbean have low representation in global emissions

of CO, associated to the energetic sector (3,5% in 2005),
only higher than Africa (3,1%), and there are no large
projected variations in the participation of the region in
2005-2030 scenarios. It is estimated that this would be
3,9% in 2030 in the worst case of absence of policies
(business as usual). According to table 2, Latin America
and the Caribbean are also below the world average in
CO, emissions per capita (tCO,/hab), 1,5 times lower
than Middle East and North America, and two times
lower than Europe and Central Asia. The CO, emissions
per capita and per unit of output in Latin America are still
among the lowest in the world (CEPAL, 2008).

TABLE 2 — World CO, emissions per capita in 2010.

CO, emis- Urbar'l
L2 Population
. . sions in 2010 .
Developing regions . in 2012
(metric tons
. (% of
per capita) total)
Sub-Saharan Africa 0,8 37
South Asia 1,4 31
Latin America & Caribbean 2,7 79
Middle East & North Africa 3,9 60
East Asia & Pacific 4,9 50
Europe & Central Asia 5,3 60

SOURCE: World Bank Catalog (2010)
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In the case of Chile and Mexico, there is much to
do if we observe the carbon dioxide emissions, which
are greater than the average of Latin America and the
Caribbean.

Figure 2 will present the scenario of GDP, Annual
freshwater withdrawals and Electric power consumption
among the involved countries.

Regarding GDP per capita (current US$) of each
country in 2011, Nicaragua has the smallest economy in
the region (1,632), followed by Honduras (2,241), Ecu-
ador (5,096), México (9,703), Brazil (12,756) and Chile
(14,513). Because of the importance of the water-energy
nexus and based on data available in selected countries, a
comparison of Annual freshwater withdrawals (m*x 100)
and Electric power consumption (kWh per capita) for
the same year is made. Ecuador has the highest Annual
freshwater withdrawals (10,035.10), followed by Mexico
(6,685.59), Chile (6,528.60), Brazil (2,950.21), Nicara-
gua (2,201.47) and Honduras (1,543.08). It is possible to
verify that Chile (3,568) has the highest Electric power

consumption per capita, followed by Brazil (2,438),
Mexico (2,092), Ecuador (1,192), Honduras (708) and
Nicaragua (522) (World Bank Data Base, 2013).

4.2. Comparison of Public Policy implications of
the energy scenario

According to Scott and Pasqualetti (2010), “policy
initiatives that view energy and water in joint manage-
ment terms, and that more fully unlock the potential
of conservation, efficiency, and renewable energy
sources are required. This is not simply a question of
planning for optimal resource use.” The authors affirm
that “collaborative policy-making that involves public
decision-makers, private initiative, and a range of
stakeholders will be needed to counter special-interest
groups’ influence over infrastructure development and
energy and water policy.”
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In this sense, policies that can be implemented
to alleviate energy insecurity are: 1) to manage risks
to avoid disruptions in the supply, 2) to overcome the
lack of generation capacity, 3) to facilitate access to
renewable sources and 4) to change the energy matrix
and its dependence on imported energy. (CEDA, 2013)

Some public policies on water and the energy nexus
developed by the countries involved in this study will
be presented below.

4.2.1. North America

a. Mexico

Currently Mexico has the highest CO, emissions
of the rest of Latin America and the Caribbean, despite
having a lower energy consumption compared to Brazil
and Chile. However, Mexico has developed important
projects and public policies that seek to consolidate
strategies to strengthen the energy industry, which is in
a stage of great changes and transformations.

Mexico’s energy policy seeks to insure the supply
of energy inputs that are required by the economy, as well
as strengthen public companies of the sector to improve
the opportunity and quality in the supply of energetic
inputs, and intensely promote the energetic efficiency
and the use of renewable energy. The objective of this
policy is to diversify energy sources and diminish the
environmental impact that is derived from the use of
fossil fuels. This includes the Law for the Promotion and
Development of Bioenergetics, as well as the National
Program for Sustainable Use of Energy that seeks to
reduce energy consumption in highly populated areas by
defining lines of action starting from the analysis of the

objectives and strategies to increase energy efficiency
in the medium and long term.

The National Energy Strategy 2013-2027 (ME-
XICO, 2013) establishes objectives, goals and action
lines that will allow the energy sector to grow towards
a sustainable horizon. It includes three major axis:
economic and productive efficiency'®, energy security'’
and environmental sustainability?®. The Law for the
Renewable Energy Use and The Financing of the Ener-
getic Transition is a key element for the matrix reversion
as it creates a fund as a tool for the fulfillment of the
National Energy Strategy and the subsequent energy
matrix transition. It is expected by 2030 a reduction
of up to 4,017 terawatt hour (TWh), which represents
approximately three years of final energy consumption
at the current rate.

In accordance with Objective 5.3 of the National
Energy Strategy, which states the diversification of ener-
gy sources to increase the participation of clean energy,
by 2010 there had been an installed wind power capacity
of 500 MW among public and private projects, which
is expected to expand to 2,200 MW, an estimated 4% of
the Mexican energy matrix. Permits for the production
of bioenergetics have been granted, and two plants for
the production of biodiesel have opened among others
(MEXICO, 2011).

Following objective 5.4 of the National Energy
Strategy, which seeks to reduce the environmental
impact of the energy sector, one of the most successful
programs has been the “Substitution of Home Appliances
for Energy Saving” that promotes the substitution of
refrigerators and air conditioners that are over 10 years
old for new energy saving appliances (MEXICO, 2011).

'8 The Law for the Promotion and Development of Bioenergy was approved in February 2008. It is intended to contribute to energy diversification
and sustainable development in addition to achieving the reduction of emissions to the atmosphere and greenhouse gases, setting sectoral and
annual programs for their production, storage, transportation, distribution, marketing and efficient usage. The Bioenergy Introduction Program
aims at the development in the production and consumption of bioenergy as an alternative for its incorporation in the mix fuels for transporta-
tion, avoiding national food competition. <http://www.bioenergeticos.gob.mx/index.php/programas/marco-legal.html>.

!9 The National Program for Sustainable Use of Energy identifies opportunities to achieve optimal energy use in every process and activity for
exploration, production, processing, distribution and consumption, including energy efficiency, generating savings for the country in the medium
and long term. <http://www.conuee.gob.mx/wb/CONAE/pronase 20142018>.

2 The Law for the Renewable Energy Use and The Financing of the Energetic Transition was published in 2008, with the goal to regulate the
renewable energy sources use and clean technologies in order to generate electricity for different purposes than the public electricity provision.
It sets the national strategy and the instruments for financing energy transition.
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4.2.2. Central America

a. Honduras

Since 1957, during the creation of the National
Energy Company (Empresa Nacional de Energia Eléc-
trica ~-ENEE), the Honduran legislation began its way
towards renewable energy. The reform of the electrical
industry promotes the use of renewable energy through
different incentives included in the Framework Law for
the Electric Subsector (1998), which states that energy
from clean sources can be bought by the government with
a 10% margin above the marginal cost in short term as
well as the exoneration of income tax during the first five
years of commercial operation. Additionally, the state
guarantees the purchase of all energy from renewable
energy sources for electric plants with a capacity of
under SOMW (Decree 9-2001). Lastly Decree 103-2003
facilitates all legislative procedures, such as approval in
one debate instead of the three required from renewable
energy producers.

Honduras has a national plan which establishes in
Objective #3 subsection 3.3 “Increase the participation
in the energy matrix of renewable energy to 80% by the
vear 2022 (Comision Técnica Plan de Nacion, 2010).
Additionally it is the only Central American country to
have a law that regulates biofuels and provides incentives
for clean energy production (Flores, 2012). Currently the
country is betting on wind, biomass and hydro power,
with two hydro electric power plants, “El Cajon”, with
an established capacity of 300 MW, and the Jicatuyo,
with an established capacity of 210 MWh, as well as
the construction of two additional hydro power centrals:
Patuca III, which will be able to produce 100 MW, and
los Llanitos, with 80 MW (ENEE, 2012). A biomass plant
estimated to produce 35 MW is under construction with
its first stage inaugurated in April 2012, (Departamento
19, 2012) and its final stage programmed for 2014 (Ra-
dioamerica, 2012).

Honduras energy consumption, much like most of
the world’s countries, is closely correlated to its GDP
(Figure 3). However, it can be inferred that its economic
activities do not depend solely on water extraction since
this last factor is slightly lower than its GDP and almost
50% lower than energy consumption for the country

(World Bank Catalog, 2010). Figure 3 clearly shows the
current pattern of energy production that Honduras has
been following since the 1980s, with its majority coming
from petroleum products.

However, in accordance to its current energy
policies, Honduras is promoting the implementation of
renewable energy sources through a strategy that plans to
reverse its energy matrix by the year 2022. As a result of
these policies, 52 projects for the generation of renewa-
ble energy were approved by the Honduran Congress
in 2010. These projects include 49 micro hydroelectric
plants and three biomass plants that will signify a 60% of
the entire energy matrix (Heraldo, 2010). Such project is
Patuca 11, which is now in phase II of its implementation,
which comprises the installation of the distribution lines
(Tribuna, 2013) and will generate 104 MW. But not only
is the use of renewable energy sources being sought in the
public sector but also the private sector. Caracol Knits,
which is a textile manufacturer, has an ongoing project
to generate electricity for self-consumption through the
use of biomass, in addition it is strengthening its water
management through treatment plans for their water
waste (CII, 2013).

As well as reducing emissions and dependency
on petroleum, the country is seeking to reduce costs
for energy. The Chamelecon 280 reservoir will save the
government of Honduras 31 million Lempiras (US$ 1,5
million) through the generation of 12,8 MW of energy,
since in Honduras, due to the type of subscribed con-
tracts, hydroelectric energy costs a third of the energy
generated through the use of petroleum products.

b. Nicaragua

“With the implementation of the Strategic Plan for
the Energy Sector of Nicaragua, conditions are being
created for the development of renewable energy through
public and private projects that use the available potential
of renewable energies” (OLADE, 2011). One of the goals
presented in the Electric Generation Expansion Plan is
that it is expected that in 2017 about 94% of the electric
energy matrix will depend on renewable sources, with
hydropower and geothermal energy representing 77%
of the total generation (Mines and Energy Ministry —
MEM, 2011b) and the balance coming from wind and
solar power.
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The Nicaraguan Energy Policy has three main axes:
(1) energy matrix diversification focusing on renewable
resources; (2) energy efficiency; and (3) rural electrifica-
tion. The Nicaraguan government expects to revert their
current electric energy matrix from 65% (based on fossil
fuel) to 94% renewable energy by 2017 (Trucchi, 2010).
As a result of the country’s energy policy a 63MW of
wind energy has been added to the matrix.

Even though Nicaragua has the lowest GDP of all
the countries in the present study (US$ 1,600), it has
the highest alternative energy consumption with the
exception of Brazil. Additionally, it is the only country
that consumes more biomass than fossil fuels. This is the
result of the implementation of several campaigns and
programs. One example is the Educational Campaign,
which targets schools and seeks to inform 12 possible
steps to save energy and the need for sustainable energy
consumption that has reached 13,000 teachers, 400,000
students in 1,050 schools so far. Furthermore it must ful-
fill the approval of a Mandatory Technical Norm addres-
sing the energy efficiency of residential appliances.

Since 2007, several measures have been implemen-
ted as part of a national strategy to face energy deficit
in the country. “For example, initial priorities were
the creation of the Ministry of Energy and Mines, the
installation of additional 343 MW in the National Inter-
connected System (mainly based on bunker and diesel,
for the urgency of the situation), and the development
of the first renewable energy projects” (OLADE, 2011).

Nicaragua’s Generation Expansion Indicative Plan
for 2011-2016 has included several renewable energy
projects (e.g., wind, hydroelectric and geothermal) that
will generate 90% of the electricity generated in the
country. This energy matrix reversion will be a great
contribution to reduce CO, emissions.

The legal and institutional framework of the elec-
tricity sector is given by Law 272!, This law has been
reformed on several occasions as shown in the legal
framework. For example, in 1998, with the approval of
Laws 272 and 271, the reforms as of 1990 were con-
solidated: Law 272 established the basic principles for

the operation of a competitive wholesale market with
the participation of private companies, while Law 271,
the INE Reform, conducted the creation of the National
Energy Commission (CNE) that assumed the responsi-
bilities of the creation of policies and plans.

Furthermore, law 272 (Law of Electrical Industry
—LIE) creates the National Energy Commission attached
to the Executive as the governing institutional body in
charge of the sector policies, strategies and plans. The
Law of the Electrical Industry, issued in 1998, formed
the basis for the participation of the private sector in the
Nicaraguan electrical industry, both in generation and
distribution. The wholesale market is created as a result
of this reform, which is made up of a contract market
and a second-hand market. This legal framework is an
incentive to investors for renewable energy projects, an
example of which is the German government, which has
already invested several millions in projects in Nicaragua
(MEM, 2012).

4.2.3. South America

a. Brazil

For the first time in its history, Brazil has a do-
cument that facilitates the estimation of the supply and
demand of energy for a period of 25 years. Based on
data from the National Energy Plan 2030 (NEP 2030),
it is possible to devise strategies and develop policies
that ensure the safety and quality of energy supply for
the next decades. From 2005 to 2030 it is expected an
increase of 3.7% per year in energy demand, with the
presence of renewable sources being increasingly signi-
ficant in the Brazilian energy matrix, corresponding to
45% of all energy consumed in the country (NEP 2030).
The renewable sources scenario in 2030 will consist of:
39% Small Hydroelectric Plant (SHP), 32% biomass,
23% wind and 6% waste (EPE, 2007).

This scenario is possible due to the energetic effi-
ciency of sugarcane for ethanol production and electricity
generation, beyond the Amazon hydroelectric potential. It

2 Law of the Electrical Industry, approved on March 18th, 1998 and published in La Gaceta No. 74 of April 23, 1998; and Law 271: Organic

Law of the INE.
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is anticipated that the renewable sources scenario in 2030
will consist of: 39% Small Hydroelectric Plant (SHP),
32% biomass, 23% wind and 6% waste, representing great
advances in diversifying the energy matrix. (EPE, 2007).

The Brazilian government has developed policies
and programs to promote research, development and
innovation projects for power generation from renewable
sources, such as the Incentive Program for Alternative
Sources of Energy (PROINFA), the National Program
for Production and Use of Biodiesel and the National
Agroenergy Plan. Based on the current scenario and
future prospects of global energy, the Brazilian govern-
ment has developed policies and programs to promote
research, development and innovation projects for power
generation from renewable sources:

a) Incentive Program for Alternative Sources of
Energy (Proinfa): regulated in 2004, the program aims
at increasing the share of electricity produced by projects
based on renewable sources in the National Intercon-
nected System (SIN), such as wind, biomass and Small
Hydroelectric Plant (MME, 2012).

b) National Program for Production and Use of
Biodiesel: created in 2004, it aims at implementing
sustainable production and use of biodiesel, focusing on
social inclusion and regional development by generating
employment and income.

c¢) National Agroenergy Plan: it aims at ensuring
sustainability, competitiveness and greater equity
(equal rights) between agents of agro-energy chains, in
accordance with the expectations of society and public
policy from the energy sector, social, environmental, and
agricultural supply (Ministry of Agriculture, Livestock
and Food Supply — MAPA, 2006)

Besides the national policies, Brazil has implemen-
ted important local projects in order to reduce the CO,
emissions and dependence of fuel sources. One of these
projects is the Watershed of the river Ajuricaba Agro-
energy Condominium for Family Agriculture, located
in Parana State (South Brazil) and developed by Itaipu
Binational®. The condominium has the participation of

33 properties, each one from 10 to 20 hectares, producing
soybeans, corn, wheat, cattle and pigs, generating appro-
ximately 16 thousand tons of waste / year. The wastes
generated by the production are converted in biogas, with
three possibilities of conversion: electric energy, thermal
energy and vehicle power. The generation of electric
energy is used for self-consumption, the thermal energy
is used by applying the biogas in the fed of a furnace, as
an indirect source of heat in the grain dryer, which is used
by producers belonging to the condominium, reducing
the cost of grain drying to 90%. In addition, some of the
properties use the biogas in ovens for cooking foods in
place of LPG (Liquefied Petroleum Gas) and also for
heating water for cleaning dairy utensils, with the goal
of improving the quality of milk and, consequently, the
income generated by its sale. The vehicular application is
possible from the conversion of biogas into biomethane,
with high calorific value, a product of the treatment of
biogas in the Biogas Treatment Unit (BTU). Besides
the importance of the project in generating economic
benefits for the farmers, it is an example of use of biogas
in substitution of fossil fuels.

b. Ecuador

Since 2008, the constitution of Ecuador establishes
that energy resources is a primary and strategic sector of
the country, as it is also mentioned in the Plan for Good
Living (Sumak Kawsay), where policies, strategies, goals
and objectives for the diversification of the energy matrix
are established. The practical path that these strategies
draw are shown in the projects finalized in 2012, such as
Ocaifia, Buenos Aires, Jivino, Jaramij6 and Santa Elena,
with a total investment of 338,6 million dollars.

For the moment, the energy sector has a prevailing
relevance, favoring the development of energy alterna-
tives and at the same time as a source of income in the
Ecuadorian economy through government investment.
Additionally, the government is promoting strategies to
use energy saving light bulbs, and so in the short term
to be able to lessen the excessive energy consumption.
Since the change in the energy matrix requires short-

22 Ttaipu Binational has unique characteristics regarding the legal status of the company, because it is not a state but a binational company,

governed by a treaty signed by the governments of Brazil and Paraguay.
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-term measures, this will complement and integrate the
medium and long-term plan, get the ultimate goal of not
relying exclusively on oil, and promote diversity to the
energy matrix of Ecuador.

The energy policy of Ecuador focuses on the
production of hydroelectric energy through diverse
important projects that seek self-sustenance, possibly re-
sulting in Ecuador having the highest fresh water annual
withdrawals than any other country in this study, but the
second highest fossil fuel consumption only surpassed
by Mexico. Additionally, there are complementary me-
asures such as the 2009-2020 master electrification plan
that intends to establish a national electrification net that
offers and motivates the development of Ecuador’s ener-
gy matrix. In conjunction with the Good Living Plan, the
master electrification plan impulses the immediate exe-
cution of hydroelectric plants as well as other renewable
energy sources. An example is the Villonaco wind farm
that has generated 16,5 MW since 2013 and the Baltra
wind farm, which began its construction in 2012 and is
expected to produce 2,1 MW (Ministry of Electricity
and Renewable Energy, 2011). This can be a result of
the current reversion of the energy matrix in which most
of its renewable energy is hydroelectric based.

c. Chile

Chile regulates the activity of the electrical sector
through the General Electrical Services Law (LGSE
currently DFL N°4) passed in 1982, which has suffered
posterior modifications. This law regulates the produc-
tion, transport, distribution, concession and electric tariff,
and posses a complementary regulation determining
all together the technical and security norms for any
electrical installation in the country. Within the modi-
fications to the LGSE there are the Short Laws I and 11
that primarily regulate the level of quality and security
of'the electrical supply at reasonable prices, fixing prices
and establishing solution mechanisms to conflicts of the
sector through the implementation of an expert panel that
acts as a tribunal (Electricidad, 2012).

In terms of public policies associated with renewa-
ble energy themes there is the Law of Energy Generation
with Renewable Non-Conventional Energies (ERNC Ley
20.257), which establishes that in 2014 electrical com-
panies must credit 5% of the yearly energy sold coming

from renewable sources; this amount will increase 0,5%
annually starting in 2015 until it reaches 10% in 2024.
Along with this law, the law for distributed energy in
low tension (Ley 20.571) promotes the self-generation
at residential level; even though this law has been
approved, it will come into force until the associated
regulation has passed.

Lastly Chile has a National Energy Strategy in
which different guidelines refer to the country’s energy
matrix development vision to 2030. This strategy has 6
pillars; growth with energy efficiency, non-conventional
renewable energy resources, higher importance of the
hydro sector, new focus in electrical transmission, more
competitive energy market, and a sustainable advance
in the options of the regional electrical interconnection
(Ministry of Energy, 2013). According to the strategy,
by 2020 there should be a 12% energy demand reduc-
tion through different plans and actions such as energy
efficient brands for the private sector, minimal technical
requirements for appliances, and efficient residential and
public illumination programs among others (Ministerio
de Energia, 2012).

These six pillars constitute an integral plan that,
together with the Law of Energy Generation with Re-
newable Non-Conventional Energies, is promoting the
use of alternative energy resources that consequently are
favoring environmental aspects such as the increase in
forest cover that the Chilean territory is experiencing,
as well as seeking a more sustainable energy scenario.

5. Conclusions

Water and energy are indispensable to the social
and economic development of a country, and that pro-
gress implies the continued growth of economic activity.
As a result, there are growing and populous cities, with
a consequent rise in demand for energy and water. In
this constant cycle, the world tirelessly searches for
renewable energy from sustainable sources, which even
should be the basis of a new energy model. Therefore,
important hydroelectric and alternative energy projects
are being developed in the medium and long run, which
will allow a general energy supply and in some countries
the possibilities of energy export.
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There are actions and strategies (Sustainable Light
Program in Mexico, Chile’s National Energy Strategy,
Good Living Plan in Ecuador, PROINFA in Brazil,
Nicaragua’s Generation Expansion Indicative Plan and
the Honduran Nation Plan) to diminish the use of pe-
troleum and the promotion of renewable energy. Laws
such as the Promotion of Energy Generation with Re-
newable Resources in Honduras, Energy Generation with
Renewable Non-Conventional Energies in Chile, Re-
newable Energy Use and The Financing of the Energetic
Transition in Mexico have allowed and promoted foreign
and local investment in renewable energy projects that
are the current trend in these Latin American countries.

Considering the current and future situation of the
world’s natural resources availability and in a context
of climate change, it is imperative in every discipline
the search for the optimization of natural resources
management, which translates in energy consumption
reduction. In that respect, the promotion of the use of
new alternative energy sources in these Latin American
countries will help reduce the environmental impacts.
The incorporation of wind farms in Honduras (Cerro de
Hula Wind Farm), the PROINFA project in Brazil (Lima,
2011) and Mexico’s incentive in wind power production
(MEXICO, 2011) are results of this promotion. Further-
more solar power projects such as the San Jose de Landa
and Montecillos Solar Power project in Honduras, which
will produce 40,000 MWh annually, and the Amanecer
Solar CAP in the Atacama region of Chile, which will
be the largest in Latin America generating 270 GWh of
energy annually, will also contribute to a reversion of
the energy matrix towards renewable resources in these
Latin American countries.

Some limitations in the countries mentioned in the
study include access to technology and funding for the
projects. Regardless of these constraints, the develop-
ment of renewable energy in these countries is happening
at a steady pace. Additionally, the public policy compari-
son in this study has resulted in a very positive outcome
since all the countries involved have clearly defined
policies and strategies as mentioned above.

Through comparative scenarios and analysis of
public policy perspectives in the selected Latin American
countries, a trend towards the development and use of
renewable energy such as wind, biomass, photovoltaic
and hydroelectric power can be identified. In most of
these countries, policy makers are promoting the process
of energy generation through the establishment of laws
and policies favoring the renewable energy generation.
The private sector is following the same path, and be-
coming aware of the importance of renewable energy
sources versus petroleum based energy and, depending
on its potential, most of them have begun the switch.

Subsequently, the transformation of the country’s
energy matrix requires not only the adoption of new
instruments and specific policies (such as the recent
price regulation favorable to electricity from renewable
energy and incentives formulated to encourage the pro-
duction of biofuels) but also a change in planning and
structures that have shaped a matrix centered on fossil
fuels (CEDA, 2012).

Finally the expansion of renewable energy can
assist in reducing the dependence on foreign energy
sources, the susceptibility of international oil prices
and the long-term environmental impacts of carbon
emissions. Furthermore according to Apergis (2011)
renewable energy may not only rectify the current energy
consumption mix but may also serve as a catalyst for the
modernization of the country s energy sector in meeting
sustainability objectives devised by policy makers.
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