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Water and energy services are interdependent elements
of development. Therefore, the energy security and
development of countries will depend on the availability
and security of supply of water resources. For the Latin
America countries (LA), water security is a social, political,
and economic challenge for maintaining sustainable
development.

The Economic Commission for Latin America' defines
water security as the capacity of a territory to guarantee
equitable access in quality and quantity to resilient
water services that allow the sustainable human and
economic development of its population. Thus, a
condition of water insecurity occurs when a territory
faces water poverty and/or access risks or water stress.

The purpose of this article is to identify the challenges
and recommendations for strengthening water security
inten countriesintheregion: Chile, Colombia, CostaRica,
El Salvador, Guatemala, Honduras, Mexico, Nicaragua,
Panama, and Peru. The document is divided into three
sections. The first section contextualizes the assessment
of water and energy in the framework of the Sustainable
Development Goals, followed by the conceptualization
of the water-energy nexus. The second section describes
and analyzes the current situation of water resources
and their interrelations with the energy sector and
climate change, while the third section summarizes
the challenges faced by the countries and proposes
recommendations for strengthening water security.

1 Urquiza y Billi. (2020).
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1.1

Water and the Sustainable
Development Goals (SDGs)

In 2015, the UN adopted the 2030 Agenda for Sustainable
Development, which defines 17 SDGs aimed at protecting
the planet and improving the living conditions of people
around the world. With the approval of the agenda, the
countriesanalyzedinthistechnicalnotecommittedtodirect
resources and institutional capacities to achieve the SDGs.
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Although water resources are linked with most of the SDGs, only the closer goals to the
water-energy nexus are described below.

The list of relevant goals for this technical note starts with SDG N°6 which seeks to
“Ensure availability and sustainable management of water and sanitation for all’. Its
implementation includes eight global goals that are universally applicable in the
context and reality of each country and that contribute to resolving fundamental issues
associated with access to drinking water: (6.1) achieve universal and equitable access
to safe and affordable drinking water for all, (6.2) Access to sanitation and hygiene
services, (6.3) Water quality, (6.4) Efficient use of water resources, (6.5) Integrated water
resources management (IWRM), (6.6) Conservation of water-related ecosystems, (6.a)
International cooperation for capacity building, and (6.b) community participation in
water and sanitation management. The achievement of SDG N°6 targets translates into
improved water security, which conceptually consists of achieving: i) water availability
that is adequate in quantity and quality for human supply, subsistence uses, ecosystem
protection and production; ii) institutional, financial and infrastructure capacity to
access and use water resources sustainably and manage the interrelationships and
externalities between different uses and sectors in a coherent manner; iii) an acceptable
level of risks to people, the environment and the economy associated with water
resources?.

SDG N°7 “Affordable and clean energy” is closely linked to the water use and
sustainable resource consumption under SDG N°6. This goal establishes five targets:
(7.1) ensure universal access to affordable, reliable, and modern energy services, (7.2)
increase the share of renewable energy in the energy mix, (7.3) double the global rate

2 UNESCO (2020).



of improvement in energy efficiency. (7.a) Increase international cooperation to
facilitate access to research and technology, (7.b) expand infrastructure, and improve
technology to provide modern and sustainable energy services.

At the level of infrastructure and services in populated areas, SDG N°11 “Sustainable
Cities and Communities” guides the rapid urbanization of countries with policies that
support the development of inclusive, safe, resilient and sustainable cities. These
commitments recognize the impact that economic activities have on natural resources
and climate change and, consequently, on the well-being of the population and eco-
systems. With a vision of employment and technology as an engine of economic de-
velopment, SDG N°8 proposes to “promote sustained, inclusive and sustainable economic
growth, full and productive employment and decent work for all’. Actions under this goal
aim to increase productivity levels and technological innovation as well as stimulate
entrepreneurship and job creation and eradicate forced labor and slavery. The follow-
ing table shows part of the indicators related to the SDGs mentioned.

Table 1. Indicators associated with the SDGs.

3 The availability and quality (physical and chemical) of water for human consumption is not
guaranteed.
4 ECLAC (2021).

5 World Bank data. https://datos.bancomundial.org/.
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The water - energy
nexus has a more
complex interaction
with the environment
in which energy pro-
duction takes place,
including economic,
environmental, and
socio-cultural aspects.

1.2

Water - Energy
Nexus

The water- energy nexus gained prominence as a topic
of international debate at the 2008 World Economic
Forum (WEF) Annual Meeting, which emphasized the
need to develop a better understanding of how water
is linked to economic growth®. The water-energy nexus
has a more complex interaction with the environment
in which energy production takes place, including eco-
nomic, environmental, and socio-cultural aspects. At
the sectoral level, water enables energy production
processes: the extraction and processing of fossil fuels,
thermoelectric generation, hydroelectric generation,
and the production of raw materials for biofuels. The
energy used to produce water defines the interdepen-
dence between these elements and has its application
in the water supply systems that require energy, high-
lighting the pumping for the extraction, transport and
distribution of water, desalination of seawater, waste-
water treatment and irrigation, among others.

6 WEF (2011).



The primary energy matrix of Latin American countries is highly dependent on fossil
fuels used for energy processes linked to water consumption. The main sources of
consumption come from hydrocarbons (34% natural gas and 31% oil of total ener-
gy consumption), while renewable sources, also dependent on the use of water, are
composed of hydropower, with the largest contribution to the matrix (8% of the
total), followed by solar energy (6%), geothermal energy (1%) and nuclear energy (1%).
The remaining 19% comes from various energy sources such as charcoal, bagasse or
firewood’.

Water consumption for energy production and transformation is variable and de-
pends mainly on the type of resource or technology used (Jin, et al., 2019; Lee et al,,
2017; Spang et al., 2014 and Bakken et al., 2013). In fuel production, biomass has the
highest demand for water, with cultivation being the stage that concentrates its
highest consumption. In the case of biomass used for firewood and charcoal, the
average consumption is 230,000 liters (l) of water per Gigajoule (GJ) of energy pro-
duced. It is followed by the extraction of conventional oil, coal, and natural gas with
the lowest average water consumption, as shown in the figure below.

Figure 1. Water consumption per GJ produced (liters per GJ).

In the electricity generation matrix, there is a high technological concentration in
hydroelectric and combined cycle thermoelectric power plants. These two technolo-
gies produce between 70% and 98% of the total electricity consumed in eight of the

7 OLADE (2019).



ten countries under analysis (see Figure 1).

Faced with episodes of decreasing water availability,
countries with a reduced portfolio of power generation
technologies pose greater risks to preserve their energy
security and macroeconomic stability.

At different levels, droughts have influenced security of
supply and public spending on the installation of high-
cost auxiliary generation stations, while the volatility
of oil prices affects the balance of payments mainly of
those countries that maintain subsidies in their elec-
tricity tariffs and have a high dependence on fossil fuel
imports.

Figure 2. Share of technologies in electricity generation (2017).
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Among the selected countries, water consumption for electricity production is mainly
related to the transformation of hydropower into electricity and the cooling of ther-
moelectric power plant turbines. In this regard, the high-water consumption of hydro-
electric power plants per MWh produced stands out, with an average magnitude of
51,000 liters per MWh, compared to the average of 1,190 liters per MWh of traditional
thermal power plants. The figure below compares water consumption by technology
used to produce electricity in the selected countries.

Figure 3. Water consumption per MWh produced (liters per MWh).

Projections from the Inter- American Development Bank (IDB) indicate that the coun-
tries under analysis will have to increase their water storage capacity by 56% to sus-
tain their growth by 2050. Specifically, Chile, Colombia, Costa Rica, Guatemala, Mexi-
co, and Peru would expect to face a water deficit sooner if they do not increase their
storage capacity and demand management?.

8 BID (2019).
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2.

Water resources
availability

LA region has abundant water resources. The region
groups 13% of the planet's total surface area and
gathers one third of rivers, which represents an average
supply of 22 thousand cubic meter per inhabitant per
year (m3/inhab/yr), exceeding by far the world average of
6 thousand m3/inhab/yr°. From the local perspective, the
selected countries face factors that limit the availability
of water including: variability in the spatial and temporal
distribution of water resources. The imbalance of territo-
rial development, characterized by the expansion of large
cities and industries in areas with scarce water resources.

Peru, Chile, Colombia, Panama, Nicaragua, and Costa
Rica have high per capita water availability with unequal
distribution and availability throughout the territory. The
central valley and northern region of Chile has a high
population density and concentrates important produc-
tive sectors; however, its semi-arid and arid climate limits
the availability of the resource. The same applies on the

9 Pefia (2016).



Peruvian coast, the Cauca and Tolima valleys in Colombia and the Central American dry
corridor, which covers the lowlands of the Pacific coastal zone and most of the central
foothills of Chiapas (Mexico), Guatemala, El Salvador, Honduras, and Nicaragua, as well
as the province of Guanacaste in Costa Rica, and the dry arc of Panama. In this context,
the limited availability of water in areas with high population density hinders its provi-
sion, which depends on the existence and optimal condition of the infrastructure for
the use, treatment, distribution, and even conservation of water resources.

The development of storage infrastructure (reservoirs), artificial infiltration of aquifers,
desalination, and the transfer of water from basins with greater availability to basins
with water deficits are the main measures to guarantee the availability and increase the
supply of the resource. However, the challenges on water availability are not only con-
fined to the arid or semi-arid areas. Climate change is negatively impacting the distri-
bution of precipitation and increasing temperatures, reducing the availability of water
resources in areas that were characterized of having water surplus. This is in addition to
the contamination of groundwater. The discharge of domestic and industrial wastewa-
ter into surface water bodies negatively affects water quality, limiting the options for its
use and consequently its availability. The water resourcesper capita is measured using
the countries’ water resources and their population, as shown in the following table.

Table 2. Internal water resources of the countries under analysis

10 Corresponds to the volume of water available in the territory (surface and subway) from en-
dogenous precipitation.
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The extraction of a
volume of water that
exceeds the natural
use of the countries
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reserves in surface
and subway spaces.

2.2

Pressure over
water resources

The exhaustion on water resources can be explained
by factors that limit water availability in terms of quan-
tity and quality, particularly those associated with over-
exploitation and contamination of aquifers and water
use efficiency. The extraction of a volume of water that
exceeds the natural use of the countries affects the re-
source reserves in surface and subway spaces.



This imbalance, called water stress, is evaluated as a percentage of the annual
extraction in relation to the total water suitable for direct uses. The higher the
percentage, the higher the level of stress on the resources and the lower their
sustainability over time. International organizations estimate that the demand for
water, energy and food in Latin America will increase significantly in the coming
decades, and it is estimated that several cities in the region will face water supply
risks to meet the demand from productive sectors. The increase in water stress
levels can lead to migration; local, interregional, intra-country and international
conflicts as a result of the multiplicity of demands over limited water resources
that cannot be fulfilled™.

In 2017, Latin America reached a low level of stress on water resources, with an
average value of 4%. However, within the countries analyzed, Colombia, Mexico
and El Salvador reached moderate to high levels of stress, as shown in the figure
below.

Figure 4. Stress on water resources in different countries of the region (2017)

In the LA region, the predominant water use corresponds to irrigation in agricul-
ture, with withdrawals equivalent to an average of 70% of the total flow used per
country. This is followed by domestic use, which accounts for 19%, and mining and
industrial uses, which account for the remaining 11%. Although statistics do not

11 Martin y Bautista (2015).
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disaggregate the share of water use in the energy sector, it is estimated that this
sector will double its pressure on water resources by 2040%.
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BID (2019).



2.3

Water Poverty
and Water Use

People or sectors in a situation of water poverty face
issues related to water scarcity, polluted resources not
apt for its consumption or restricted access to certain
users. The Water Poverty Index (WPI)®, assesses the level
of water scarcity in countries by evaluating five com-
ponents: resource (water availability), access (water of
sufficient quality and quantity for various uses), capaci-
ty (of the population to manage water efficiently), use
(meeting demand for various uses), and environment
(sustainable water use and environmental degrada-
tion). Lower values reflect greater water poverty and,
therefore, less availability or capacity to access water re-
sources to meet the basic needs of the population and
the productive sectors. The figure below shows the WPI
the selected countries.

13 UNESCO (2002). http://ihp-wins.unesco.org/layers/geono-
de:wpif/metadata_detail
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Figure 5. WPI for the countries under analysis

El Salvador

The countries of the region show a medium to medium-low WPI, except for Guatemala
and El Salvador, which have high water poverty. For most of the countries, two deter-
mining pressure factors are identified: water use and environment. The first is inter-
preted as conflicts over the diversity of uses, particularly in Guatemala, Honduras, El
Salvador, and Costa Rica, where it is estimated that unsatisfied water demands prevail
for some sectors. The second factor is associated with water degradation due to pollu-
tion“ and its inefficient use. In relation to capacity, Central American countries (except
for Mexico) have the lowest values in this component, which translates into a lower
capacity of the population to efficiently manage water, which is generally linked to low
levels of income, education, and organization in the population. A similar situation
occurs with the access component, with Nicaragua and Panama registering the lowest
level of access to water. Access to water has a potential for improvement, particularly
in rural areas where is located the largest proportion of the population without access
to drinking water and sanitation services.

14 The uncontrolled growth of urban areas with precarious infrastructure and informal economic
activities increases groundwater contamination. Part of the development policies of the countries ana-
lyzed exclude measures to strengthen the preservation and improvement of water quality for human
consumption, irrigation, and industrial use, among others. According to the IDB 2021 platform «How
is Latin America in terms of sanitation?», the main source of contamination of the region’s water re-
sources comes from wastewater containing chemical and organic pollutants.

20



It should be considered that both the Water Poverty In-
dex and Water Stress Index are national averages that
make it difficult to illustrate contrasts between different
regions of the same country. For example, towns of La
Ligua and Los Choros in Chile reached extreme stress
levels with values of 129% and 824%, respectively, showing
evidence of overexploitation of water resources. A simi-
lar case is recorded in the Aguas del Valle hydrographic
region in Mexico, which in 2014 reached a stress level of
138%".

Development strategies in the selected countries posi-
tion water resources as an indispensable input for sus-
taining economic growth and consolidating new value
chains in all production processes. In this sense, the
UN-Water initiative estimates the economic value from
water resources to assess the progress of SDG 6.4.1
“Change in the efficient use of water resources over
time™®. This indicator determines the wealth created
per country for each cubic meter of water consumed
(US$/m?3). In 2017 this indicator reached for LA an average
of US$13/m3, close to the world average of US$15/m3.
Among the selected countries, Panama has the highest
contribution to its economy per cubic meter consumed,
with an average of US$47/m?; while Chile has the lowest
value, with US$6/m?, which means that the country con-
sumes more water than Panama to generate the same
economic value to its GDP. It should be noted that this
indicator can be interpreted as the efficiency on water
use since, as it increases, the economic contribution of
a sector per cubic meter of water consumed is greater
than the water uses and, therefore, a more efficient use
of water resources is made. The following figure shows
the contribution to economic growth per cubic meter of
water consumed in the countries under analysis”.

15 Water pressure. https://apps1.semarnat.gob.mx:8443/dgeia/
informe_resumen14/06_agua/6_1_2.html#.
16 The concept of efficient use is not equivalent to water produc-

tivity. In this case, the productivity of the water used in each activity is
not taken into account as an input used in production.

17 Corresponds to the weighted average efficiency of the agricul-
ture, industrial, and service sectors, using the water withdrawal of each
sector as a percentage of total withdrawal.

a1
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Figure 6. Contribution to the economy per cubic meter of water consumed (2012, 2017)

El Salvador

The efficiency of water use varies greatly among the productive sectors of the coun-
tries analyzed, particularly in agriculture. In 2017, this sector averaged US$0.35/m3,
well below the US$47/m?3 of Central and Western European countries. The levels of
water use in Europe achieve higher contributions to the Euro Zone economy because
of a culture of saving water as well as public initiatives and regulations that promote
water reuse and the adoption of efficient technologies in existing infrastructure.

22
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Overall water Ilaws
focus on regulating
the right to use wa-
ter, its conditions of
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Laws and policies on
water resources in
LA countries

Overall water laws focus on regulating the right to use
water, its conditions of use and services and, to a lesser
extent, address issues related to water supply and con-
servation. More recent laws, such as those of Peru and
Honduras, incorporate the concept of management,
which broadens the traditional scope of the laws by in-
cluding the principles governing their use and resource
management. Other countries without water laws have
opted to establish guidelines through regulations or
ministerial decrees to rule the sector. For instance, in
Colombia, the National Code of Renewable Natural Re-
sources and Environmental Protection regulates the use,
conservation and preservation of water, and describes
the obligations of users and the State in the prevention
and control of surface and groundwater pollution. The
following figure shows the existing legal framework in the
countries under analysis.



Figure 7. Legislation related to water resources in the countries under analysis.

i
In most of these
countries, the legal

framework aims to
provide the conditions
to allow the sustai-
nable exploitation of
water resources while
guaranteeing the eco-
nomic growth, environ-
mental protection, and
social welfare.

El Salvador

In most of these countries, the legal framework aims
to provide the conditions to allow the sustainable ex-
ploitation of water resources while guaranteeing the
economic growth, environmental protection, and social
welfare. Common principles across countries include
actions for strengthening governance, and defining
multiple water uses and standards. The most relevant
weaknesses in the legal and policy framework are the
insufficient resources allocated for implementing
ambitious public policies that include fiscal incentives
and measures to promote the participation and
ownership of local governments.

The existing laws and decrees in these countries usually
are accompanied by plans and programs with objec-
tives that can be categorized into two groups. The first
group seeks to guarantee access to water as a human

24



right, ensuring the availability of water and sanitation, especially for the most vul-
nerable population; while the second group focuses on efficient management and
use, in addition to promoting land use planning and the conservation of ecosystems.
The figure below shows the policy instruments of the countries under analysis.

Figure 8. Water resources policies and plans

Mexico:

The laws analyzed have some legal flexibility to integrate practices like those of coun-
tries with high performance in the efficiency and sustainability of the use of their
water resources. Some of the opportunities for improvement include strengthening
coherence with other sectoral policies, which involves an integrated water resources
management (water - energy - environment - food nexus), the allocation of funds
for infrastructure financing, improving the availability of information, and defining
institutions in charge of promoting the participation of local governments with com-
petence in water resources management.

25



2.5

Quantifying the
water-energy

Nnexus

Energy production requires water for almost all energy
production and conversion processes. The International
Energy Agency (IEA) estimates that energy production in
LA countries will triple its water consumption by 2035,
based on the amount needed in 2010." Honduras, Gua-
temala, El Salvador, and Nicaragua have the highest de-
pendence on water consumption in their energy matrix,
with 98% of the total allocated to biomass production,
while Colombia, Mexico and Peru allocate between 50%
and 70% of their consumption to electricity generation.
The figure below shows the water consumption in the
energy sector of the countries under analysis.”

18 World Energy Outlook, 2012. International Energy Agency.
19 Biomass consumption is considered for energy purposes.
Fossil fuels include oil, natural gas, and coal production. Electricity
generation considers Hydroelectric, Geothermal, Solar, Wind, Re-
newable Thermal, Non-renewable Thermal and Nuclear.

26



Figure 9. Water consumption in the energy sector (primary energy and transformation),
2017.

Water demand from the energy sector is determined by the portfolio of technologies
composing the countries’ energy mix. Countries with high biomass consumption have
higher water dependency for energy production directed to energy crops, such as ba-
gasse and firewood. Nicaragua, El Salvador, and Honduras are far from the average
of water consumption of the countries analyzed (640.6 m3 per inhabitant), with an
average over 1,100 m3 per inhabitant.

One of the limitations in quantifying the water-energy nexus is the lack of studies
and statistics that provide data on water consumption in the energy sector by type
of technology used for power generation. The statistics only refer to consumptive
water use in the agriculture, industrial, and service sectors; therefore, water used for
cooling in thermoelectric and nuclear plants is not disaggregated, nor is the use in
hydroelectric and other renewable technologies. In this sense, the water consump-
tion was estimated for the two most relevant power generation technologies in the
analyzed countries: hydroelectric and thermal. The information available for six of

27



the ten countries analyzed is shown below.

Figure 10. Evolution of theoretical water consumption (2011 - 2018).
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2.0

Climate change and
availability of water

for energy

The increase in GHG concentration will continue to have
negative impacts on energy generation as a result of in-
creased variations in the amount, intensity and frequen-
cy of precipitation, the occurrence of hurricanes in the
tropical zone and more frequent snowmelt in the An-
des and on the Pacific slope®. For example, in the last
decade, Chile recorded a 30% reduction in precipi-
tation compared to historical records, which reduced
the glaciers and water flows in the summer seasons to
supply the reservoirs used for electricity production.”
Long-term climate trends in the region show seasonal
variations and a rise in annual average temperatures
that reduce the electricity production capacity of the
main hydroelectric power plants in the countries un-
der analysis. The |IEA projects that during the period

20 IPCC (2014). https://www.ipcc.ch/report/ar5/wg2/.
21 Stehr et al. (2019).
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2020 to 2060 the average hydropower capacity factor of
Chile, Colombia, Costa Rica, Guatemala, Panama, Peru,
and Mexico will decrease by 9%. Hydropower plants in
Central America and Mexico are likely to experience the
highest inter-annual variability of firm capacity factors
in the Latin American region during the last 40 years of
this century, especially under a scenario of global tem-
perature increase above 4°C by 2100.

On the other hand, the region'’s traditional thermoelec-
tric plants (gas, coal, and fuel oil) use water to cool their
electricity production turbines during operation. Within
the countries analyzed, these plants are generally lo-
cated along rivers or lakes that are vulnerable to cli-
matic phenomena. Moreover, the increase in tempera-
tures makes the cooling process of power generators
less efficient, while the occurrence of droughts jeopar-
dize the continuity of operation of these plants.

a1
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Challenges and
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Countries face difficulties in creating the conditions to
increase water security and implement a management
model that guarantees universal access to water,
maximizing equitable, social, and economic develop-
ment without compromising the sustainability of natural
resources. There are at least seven areas to strengthen
water security: (i) sustainability of water resources and
access, (ii) economic efficiency in water use, (iii) legal
and regulatory framework, (iv) coordination and insti-
tutional capacity, (v) availability of information, and (vi)
management instruments and infrastructure.

To address these opportunities, the recommendations
were prioritized considering the context of selected
countries. The level of preponderance is disaggregated
depending on the local conditions that limit the distri-
bution of water resources (extreme precipitation, type
of climate and climate variability) and the indicators
derived from the state of progress in the Sustainable
Development Goals related to water (SDG N°6). In ad-
dition, the recommendations consider principles to be
included in policy instruments to address the high de-
pendence on water consumption for energy production
and transformation. The following table summarizes
and prioritizes the recommendations for the countries
under analysis.



Table 3. Summary of recommendations by level of priority
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Water resources
sustainability and

dCCesSS

The expected water demand as of 2025 indicate that
the countries analyzed will face significant difficulties
in meeting their water needs. The existing storage in-
frastructure (reservoirs) # is not enough to supply the
demand of the productive sectors. Chile would be the
most affected country in the region, with a deficit of 64 x
109 m3, followed by Peru (22 x 109 m3), Colombia (6 x 109
m?3), Guatemala (5 x 109 m3) and Costa Rica (1 x 109 m3).

In Chile, the droughts cause significant reductions in the
levels of its water reservoirs during the first four months
of each year. For the countries of the Central American
region, climatic phenomena introduce a variability in
the flow of tributaries between 10% and 20%, reducing
the potential for electricity generation®,

22 Bretas et al. (2020).
23 National Plan for the Integrated Management of Water



Part of climate change impacts in agriculture activities include the decrease in topsoil
moisture, which increase the demand for irrigation systems, adding further pressure
on water resources and use conflicts.

To guarantee the sustainability of water resources the selected countries must im-
plement urgent measures aimed at managing water supply and demand, including
those to increase the availability of surface and ground water source such as i) the im-
plementation of gray infrastructure (construction of ponds and reservoirs) and green
capacity (establishment of vegetation cover and vegetative measures for soil conser-
vation and water catchment)*, ii) water harvesting (from residential roofs or another
waterproof); iii) reuse of wastewater (through plants for the recovery and transfor-
mation of resources such as sludge, fertilizers, biosolids and drinking water)® ; and
and iv) water protection against pollution (wastewater treatment prior to discharge
to natural sources).

Water demand managementincludes measures to control and reduce water demand.
Actions with high impact include i) control of domestic and industrial use by reducing
the pressure of distribution systems, use of metering instruments, monitoring sys-
tem leaks, and implementation of education programs to create awareness on the

Resources Costa Rica (2008)

24 These include contour cultivation, infiltration ditches, living barriers, terraces, among others.
25 Wastewater: from waste to resource. https://www.bancomundial.org/es/topic/water/publica-
tion/wastewater-initiative

36
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importance of saving water, ii) reducing water demand
in the agriculture sector by increasing efficiency in the
distribution networks, irrigating crops with lower water
requirements, and establishing tariffs that reflect the
opportunity cost of saving water.

In addition, the LA region faces the challenge of in-
creasing access to reliable and good quality water
sources. Five of the selected countries have high rates
of population without access to services that guaran-
tee the continuity of supply and delivery of safe water?®.
Mexico ranks first, with 57% of the population lacking
access to safely managed water, followed by Peru (47%),
Nicaragua (48%), Guatemala (44%) and Colombia (27%).
In this context, the countries must focus on establish-
ing mechanisms to expand the safe management of
drinking water and sanitation, which should include,
among other aspects, the protection of natural sources,
strengthening water treatment, sewerage and drainage
infrastructure, and adequate urban and rural develop-
ment planning. These actions must also be accompa-
nied by the implementation of financing and feasibility
analyses to identify economies of scale and guarantee a
sustainable provision of services.

26 With physical and chemical parameters that guarantee
people’s health.
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Fconomic efficiency
in water use

The main challenge facing the countries of the region is
to decouple economic growth from water consumption,
particularly for Chile, El Salvador, Honduras, Nicaragua,
Mexico, and Peru. These countries are urged to analyze
opportunities to implement water saving measures and
apply circular economy principles, which in the context
of water resource management is materialized in the
reuse of water to obtain greater added value to their
economies. In cities, wastewater reuse can mitigate
net water consumption for different applications such
as garden irrigation, park maintenance, and cleaning,
among others. In the industrial sector, wastewater can
be reused for production processes to reduce the sec-
tor's demand for water from treatment plants; in addi-
tion to recovering and transforming valuable resources
such as sludge, which can be used to produce fertilizers
in the agriculture sector.



Legal and regulatory
framework

The analyzed laws might need to enhance their con-
ceptualization of water security. The selected countries
address partially and sometimes exclude explicit actions
to guarantee: i) water availability in quantity and quali-
ty for human subsistence uses, ecosystem protection
and economic activities; ii) the institutional, financial
and infrastructure capacity aiming to increase access,
sustainability, and skills to manage coherently the inter-
relations and externalities between different uses and
sectors; and iii) acceptable risks for the population, the
environment and the economy~®’.

In this sense, the reforms should address, in a multi-
sectoral context, issues related to territorial, urban, and
environmental planning, in addition to including clear

27 Pefia (2016).



definitions regarding economic and financial mecha-
nisms, regulations and guidelines to improve stakeholder
coordination and encourage the engagement of regional
and local governments in water management. New wa-
ter legislations can define objectives and functions to
guide actions of entities and end users, separating le-
gal attributions according to their institutional mandate
(planners, regulators, operators, among others). On the
other hand, the regulations must include a vision of
territorial organization and have flexibility to integrate
local regulations that can complement unforeseen do-
mestic conditions of the localities it controls and con-
sider the interdependence of water and energy services.
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Coordination and
institutional capacity

Publicinstitutionsand agencies require further coordina-
tion and funding to improve their capacity to implement
policies on water management. One of the challenges
that remains in place is the strengthening of water-re-
lated institutions that have historically faced difficulties
when managing water resources. Part of the observed
weaknesses are related to a limited autonomy in the de-
cision-making process, budget, and technical capacity to
accomplish their mandate, resulting in difficulties to en-
forcing regulatory framework; coordinating actions with
other national and local institutions; and achieving effi-
cient hydrological planning. Countries could review the
mandates of the institutions and legal frameworks that
support them, to strengthen institutional competencies
and coordination of their functions. Chile, for example,
has more than 42 institutions with responsibilities for
water resource management, which makes it difficult
to coordinate the prioritization of resources and instru-
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ments for the management and administration of the
country’'s water resources®®. Chile also needs capacity
building and financing programs for the adoption of low
water consumption and environmental impact tech-
nologies and the strengthening of the General Water
Directorate. Colombia might benefit from strengthen-
ing the coordination of the Ministry of the Environment
and Territorial Development (MAVDT) to agree upon a
holistic approach on the water resource management,
and lead synergies with local environmental authorities
and other ministries and institutions at the national
level. Costa Rica can grant additional competencies and
mandates in water security to divisions and agencies
associated to the Ministry of Environment and Energy
(MINAE). For El Salvador, it is a priority to order the allo-
cation of water resources regulation and management
powers through the enactment of a water law and de-
fining the institutions in charge to enforce regulations
and monitoring the sector. In Mexico, strengthening
actions include inter-institutional coordination, im-
proving transparency and water management at the
local level”. The generation of capacities in the institu-
tions can be accompanied by actions aimed at the adop-
tion of new technologies to improve the mapping and
monitoring of the status of water sources.

28 National Water Resources Policy Chile 2015.
29 Mexico National Water Program (2020-2024).
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INnformation
availability

The countries face obstacles in generating, updating,
systematizing, and disseminating information on water
resources and uses. In the selected countries, the infor-
mation is scattered across institutions which makes it
difficult to assess the availability and quality of water re-
sources at the local level, as well as the actual water de-
mand by sector or monitoring current threats and stress
for specific water resources. Chile has difficulties in ob-
taining reliable and timely information on the amount
of water resources available, the rights assigned for
authorized uses and their active use at the basin level.
Colombia emphasizes the importance of deepening re-
search on water resources and strengthening a water
information system integrated with the Environmental
Information System. For Costa Rica, it is a priority to en-
sure the collection and dissemination of climatic, mete-
orological, cartographic, and hydrological information,
complemented by measurements of end users. More-
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over, this country requires strengthening water-related warning systems for extreme
weather and climate change events. In El Salvador, the priorities might include de-
veloping a Water Information System (WIS) to provide continuity in data collection and
analysis; while Panama, should accelerate the implementation of a National Water
Information System in parallel with the creation of the Hydrological, Atmospheric, Geo-
physical and Oceanographic Information Service (SIHAGO). Finally, Peru can direct
additional funds to the National Water Quantity Information System for increasing
the information on risks to water resources, current uses, and projected demand at
the sectoral level.

It is recommended that those countries without a national water resources informa-
tion system, such as Chile, Nicaragua, and Honduras work in the design and respon-
sible institutions responsible to monitoring social and economic risks associated to
water resources. It is suggested to review the experience of Colombia, which has a
Water Resource Information System (WRIS) organized into five components: surface
and groundwater supply, demand, quality, risk, and water resource management.
These three countries might benefit from modernizing the meteorological and hydro-
metric capacity to monitor the availability of surface and groundwater resources and
the risks associated with current water consumption and extreme events®.

30 Status of groundwater monitoring in Latin America and Introduction to the GGMN program.
https://www.un-igrac.org/es/resource/estado-actual-del-monitoreo-de-agua-subterranea-en-ameri-
ca-latina-e-introduccion-al.
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3.0

Management

tools

The countries of the region face the challenge of de-
signing and implementing effective tools that will en-
able them to balance the growth in water demand with
the sustainable supply of water resources. These tools
must contribute to maximize the use, conservation,
and protection of water resources. It is recommended
that the selected countries consider some (if not all) of
following options:



* Diagnostic tools: aimed at generating, gathering, and analyzing inventory data,
projections, maps, information systems, among others;

* Regulatory and promotional instruments: to develop infrastructure, as well as
to control and mitigate the negative externalities associated with the develop-
ment and use of water resources;

® Organizational instruments for management: including the review and assign-
ment of roles, attributions, technical equipment, capacity building, and stake-
holder coordination;

* Direct intervention tools: including the design and development of infrastruc-
ture for water control, use and treatment.

International experience shows that it is difficult to have all the instruments available
for integrated water resource management. Therefore, the countries under analysis
must ensure that there is a balance in the design and application of this set of instru-
ments, incorporating the principles expressed in public, private and social policies,
such as environmental conservation, equity, the right to water, transparency, partici-
pation, security, among others. In this sense, it is important to encourage the engage-
ment of local governments to guarantee the implementation of actions. Munici-
palities are traditionally in charge of providing water supply and sanitation services,
although their participation in water resources management is scarce because it is
beyond the scope of their municipal attributions. Giving municipalities the authority
to manage water resources would help to increase the proximity of actions, within
the framework of the promotion of socioeconomic development at the local level,
particularly at the basin level *'.

The selected countries can assess the creation of additional fees for water rights,
effluent discharges, and payments for environmental services®. For this purpose, it
will be necessary to have an adequate cadastre, as well as a registry of rights and the
appropriate institutional control capacity to ensure transparency in the processes of
approval of concessions and operation of tariff systems and payment of fees for wa-
ter use (discharges or discharges), drinking water and sanitation services and the use
of certain infrastructures. Costa Rica has been a pioneer in the region in establishing
a system of water tariffs for environmental services, which has brought additional
social benefits in raising awareness of the population in the rational use of water and

31 Municipalities and water resource management. https://www.cepal.org/sites/default/files/
publication/files/6429/S0310753_es.pdf
32 Bretas et al. (2020).
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strengthening the empowerment of communities. Co-
lombia has established the collection of retributive rates
or certain discharges implemented under an autono-
ous institutional structure that has made it possible to
reduce the polluting load of its aquifers®.

3-'1

i

[...] it is important to
encourage the engage-
ment of local govern-
ments to guarantee
the implementation
of actions. Municipa-
lities are traditionally
in charge of providing
water supply and sani-
tation services [...].

m

cheverria y Cantillo (2013).



Infrastructure

Infrastructure crosscuts the recommendations previous-
ly addressed and is the main direct intervention mecha-
nism traditionally used to ensure availability and
access to water resources. Infrastructure moderniza-
tion should aim to improve resource use efficiency, in-
crease supply to meet the growing demand for water,
and expand sanitation networks and infrastructure that
is resistant and resilient to climate events.

When grouping the key issues analyzed in Section 2,
three key areas in infrastructure require additional ac-
tions: i) infrastructure to increase the availability and
sanitation of water; ii) infrastructure to improve the effi-
ciency of water use and iii) infrastructure to face climate
change.






Infrastructure to improve water
availability and sanitation

Historically, reservoirs have been effective in covering
shortages and controlling hydrological excesses. Their
storage and flow control capacity helps to increase wa-
ter availability, cope with droughts and floods, and even
increase installed capacity for electricity generation.
However, reservoirs have a high exposure to climatic
impacts; therefore, it is recommended that their con-
sideration include climate change risk assessments
for different potential locations and a comparative
cost-benefit analysis with respect to substitute options.

Ensuring a safe water supply requires advanced and en-
vironmentally acceptable processes to preserve water
and reduce its consumption. For this reason, the initia-
tives to implement require innovation in the following
potential actions:

® Reusing treated industrial and municipal waste-
water. Productive sectors and cities have a high
impact on the quality of water reservoirs. At the
regional level, the coverage of households with
treated wastewater averages 22%, with significant
variations between countries. Chile exceeds the
average with 80%*, followed by Mexico with 37%.
The rest of the countries under analysis reach a
service coverage below 15%%.

Countries can drive a paradigm shift in wastewa-
ter management to ensure water security. Waste-
water treatment not only reduces the negative ex-
ternalities of polluted water on the environment

34 However, there is extensive incidence of contamination
from mining effluents, liquid industrial waste and diffuse agricultu-
ral contamination of groundwater.

35 BID (2017).



and the health of the population, but also offers
the possibility of reconsidering its reuse, repre-
senting a solution to the problem of water scar-
city and security. In this area, four lines of action
are proposed: i) develop wastewater initiatives
as part of the watershed planning framework
to maximize benefits, improve efficiency and re-
source allocation, and involve relevant stakehold-
ers; ii) explore and support the development of
innovative financing and sustainable business
models in the sector; and iii) crafting and imple-
ment public policies and regulatory frameworks
to promote innovation in the sector.

Developing the water utility of the future. The
countries should migrate from the concept of a
wastewater treatment plant to one of resource
recovery to take advantage of the added value
of wastewater. It is recommended that countries
consider supplying water of different quality con-
sidering its end use (drinking, washing, agricul-
ture, irrigation, and industrial use). This can be
achieved using parallel water distribution lines,
each with the appropriate level of purification and
optimization of the water distribution system.

e Desalinating of water sources. Although these

processes use large amounts of energy, their tech-
nological evolution shows significant improve-
ments in energy efficiency. There are currently
more than 7,500 such plants worldwide, with 60%
of them located in the Middle East.



Infrastructure to improve water
use efficiency

There are opportunities to reduce water consumption
for electricity generation by incorporating non-con-
ventional renewable energy sources such as wind
and solar power, among others, which reduce water
consumption and environmental impact for electrici-
ty generation. It is important to note that countries
in the region have high renewable energy potential
and robust electricity markets, which are attractive to
project developers and investors seeking geographic
diversification with clean technologies.

For those countries that depend on thermal generation,
such as Mexico, Chile and, to a lesser extent, Peru,
it is recommended to develop a technological trans-
formation process aimed at increasing the participa-
tion of renewable thermal energy and improving the
efficiency of fossil fuel-based thermal plants, re-
placing, for example, wet cooling systems with dry
(theses systems can reduce water consumption by
90%). The water demand from renewable-based tech-
nologies ranges from negligible to comparable to
thermal generation using wet tower cooling. For this
reason, it is recommended integrating a greater share
of technologies such as wind and solar photovoltaics
that use small amounts of water in compared to other
technologies®. In addition, countries with high con-
sumption of firewood and sugarcane bagasse for the
production of residential and industrial heat can
prioritize the implementation of initiatives to shift the
demand for these biofuels by high-efficiency tech-
nologies based on renewable energies, for example,
development of district heating and cooling systems
based on geothermal energy or green hydrogen.

36 International Energy Agency, 2012.
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It is Iimportant to
notethat countriesin
the region have high
renewable  energy
potential and robust
electricity markets,
which are attractive
to project develo-
pers and investors
seeking geographic
diversification with
clean technologies.

Within the agriculture sector, which exerts strong
pressure on water resources, transformational mea-
sures will be needed to improve the efficiency of irri-
gation water use. The efficiency of this sector in the
selected countries averages 50%, i.e., of the total wa-
ter withdrawn, only 50% is used effectively and the re-
maining percentage is lost through evaporation and
distribution losses. The average gross irrigation water
demand in the region is considered moderately high
when compared with other regions of the world®.
Among the measures commonly implemented are the
modernization of distribution systems and the deploy-
ment of drip irrigation and hydroponics infrastructure,
which can reduce 40% to 60% of water consumption.

37 Irrigation in Latin America and the Caribbean in statistics.
https://agua.org.mx/wp-content/uploads/2017/08/El-riego-en-
america-latina-y-el-caribe-en-cifras.pdf



https://agua.org.mx/wp-content/uploads/2017/08/El-riego-en-america-latina-y-el-caribe-en-cifras.pdf.
https://agua.org.mx/wp-content/uploads/2017/08/El-riego-en-america-latina-y-el-caribe-en-cifras.pdf.
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Infrastructure to address climate
change

In the past, water infrastructure and management
practices were developed based on assumptions of
predictable weather conditions that are no longer valid.
International experience indicates that reservoirs can
help ensure water availability in the event of climate
phenomena, but this does not offset their effects. For
this reason, the development and modernization of
the energy sector’s infrastructure must incorporate cli-
mate change adaptation variables in the design and
operation of its different energy production and trans-
formation processes. In the electricity sub-sector, there
is currently a significant gap between the knowledge
of the traditional way of developing infrastructure and
the climate change impact variables to consider during
the design of hydroelectric and thermal power plants.
For reducing uncertainty and identify potential risks,
it will be essential to i) gather adequate information
(at detailed temporal and spatial scales), where there
are generally significant gaps among the countries of
the region, and ii) design and implement new tools for
modeling these instruments, including climate change
variables with approaches that not only include the tra-
ditional analysis of events, but also consider non-sta-
tionary future scenarios.

In addition, the design of new power plants must in-
corporate a multisectoral approach that overcomes
the challenges associated with conflicts of use with lo-
cal communities and other productive sectors (par-
ticularly in areas with water deficit). This infrastruc-
ture development must consider the mitigation of the
impacts associated with the construction and opera-
tion, such as, the alteration of the downstream flow
and the losses of water to the atmosphere caused by
evaporation. In this regard, the countries can conduct
climate risk and impact assessments on existing (and
projected) reservoirs to identify mitigation measures.
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https://www.iea.org/reports/climate-impacts-on-latin-american-hydropower/climate-risks-to-latin-american-hydropower#abstract. 
https://www.iea.org/reports/climate-impacts-on-latin-american-hydropower/climate-risks-to-latin-american-hydropower#abstract. 

REFERENCE

Bakken, T. H., Killingtveit, A., Engeland, K., Alfredsen, K., & Harby, A. (2013). Hydrol.
Earth Syst. Sci., 17, 3983-4000, 2013. Recuperado de https://hess.copernicus.org/arti-
cles/17/3983/2013/hess-17-3983-2013.pdf

BID (2017). Documento de Marco Sectorial de Agua y Saneamiento. Banco Interamer-

icano de Desarrollo (BID). Recuperado de https://idbdocs.iadb.org/wsdocs/getdocu-
ment.aspx?docnum=EZSHARE-1739234685-13

BID (2019). La Electricidad en América Latina y el Caribe 2040. Banco Interamericano

de Desarrollo. Recuperado de https://downloadapi.paperflite.com/api/2.0/shared
url/5d6522620b593a2b6eb4164a/asset/5d6522620b593a2b6eb41649/download

Bretas, F., Casanova, G., Crisman, T., Embid, A., Martin, L., y Miralles, F., Mufioz, R.
(2020). Agua Para el Futuro: Estrategia de Seguridad Hidrica para América Latina y
el Caribe. Banco Interamericano de Desarrollo (BID). Recuperado de https://publi-

cations.iadb.org/es/agua-para-el-futuro-estrategia-de-seguridad-hidrica-para-ameri-
ca-latina-y-el-caribe

CEPAL (2012). Disponibilidad futura de los recursos hidricos frente a escenarios de
cambio climatico en Chile. Comisién Econdmica para América Latina y el Caribe (CE-

PAL). Recuperado de https://www.cepal.org/es/publicaciones/5691-disponibilidad-fu-
tura-recursos-hidricos-frente-escenarios-cambio-climatico-chile

CEPAL (2017). El Nexo entre el agua, la energia y la alimentacion en América Latina
y el Caribe. Comisién Econdmica para América Latina y el Caribe (CEPAL). Serie Re-
cursos Naturales e Infraestructura n® 179. Recuperado de https://codia.info/images/

documentos/XVIII-CODIA/CEPAL_Agua_Energa_Alimentacin_AL-y-Caribe.pdf

CEPAL (2018). Segundo informe anual sobre el progreso y los desafios regionales
de la Agenda 2030 para el Desarrollo Sostenible en América Latina y el Caribe (LC/
FDS.2/3/Rev.1). Comisién Econdmica para América Latina y el Caribe (CEPAL), Santia-

g0. Recuperado de https://www.cepal.org/sites/default/files/publication/files/43415/
S1800380_es.pdf

CEPAL (2019). Estadisticas de produccién de electricidad de los paises del Sistema de
la Integracion Centroamericana (SICA). Datos preliminares a 2018. Comision Economi-
ca para América Latina y el Caribe (CEPAL). Recuperado de https://repositorio.cepal.

org/bitstream/handle/11362/44661/4/S1900507_es.pdf

56


https://hess.copernicus.org/articles/17/3983/2013/hess-17-3983-2013.pdf
https://hess.copernicus.org/articles/17/3983/2013/hess-17-3983-2013.pdf
https://idbdocs.iadb.org/wsdocs/getdocument.aspx?docnum=EZSHARE-1739234685-13
https://idbdocs.iadb.org/wsdocs/getdocument.aspx?docnum=EZSHARE-1739234685-13
https://downloadapi.paperflite.com/api/2.0/shared_url/5d6522620b593a2b6eb4164a/asset/5d6522620b593a2b6eb41649/download
https://downloadapi.paperflite.com/api/2.0/shared_url/5d6522620b593a2b6eb4164a/asset/5d6522620b593a2b6eb41649/download
https://publications.iadb.org/es/agua-para-el-futuro-estrategia-de-seguridad-hidrica-para-america-latina-y-el-caribe
https://publications.iadb.org/es/agua-para-el-futuro-estrategia-de-seguridad-hidrica-para-america-latina-y-el-caribe
https://publications.iadb.org/es/agua-para-el-futuro-estrategia-de-seguridad-hidrica-para-america-latina-y-el-caribe
https://www.cepal.org/es/publicaciones/5691-disponibilidad-futura-recursos-hidricos-frente-escenarios-cambio-climatico-chile
https://www.cepal.org/es/publicaciones/5691-disponibilidad-futura-recursos-hidricos-frente-escenarios-cambio-climatico-chile
https://codia.info/images/documentos/XVIII-CODIA/CEPAL_Agua_Energa_Alimentacin_AL-y-Caribe.pdf
https://codia.info/images/documentos/XVIII-CODIA/CEPAL_Agua_Energa_Alimentacin_AL-y-Caribe.pdf
https://www.cepal.org/sites/default/files/publication/files/43415/S1800380_es.pdf
https://www.cepal.org/sites/default/files/publication/files/43415/S1800380_es.pdf
https://repositorio.cepal.org/bitstream/handle/11362/44661/4/S1900507_es.pdf
https://repositorio.cepal.org/bitstream/handle/11362/44661/4/S1900507_es.pdf

CEPAL (2021). Balance Preliminar de las Economias de América Latina y el Ca-
ribe, 2020. Comisién Econdmica para América Latina y el Caribe (CEPAL), (LC/
PUB.2020/17-P/Rev.1), Santiago, 2020. Recuperado de https://www.cepal.org/sites/

default/files/publication/files/46501/52000990_es.pdf

Duarte, R., Pinilla, V., y Serrano, A. (2013). Is there an environmental Kuznets curve for
water use? A panel smooth transition regression approach. Economic Modelling. Vol-
ume 31, March 2013, Pages 518-527. Recuperado de https://www.sciencedirect.com/

science/article/abs/pii/S0264999312004294

Echeverria, J., y Cantillo, B. (2013). Instrumentos econdmicos para la gestion del agua.
Revista de Ciencias Ambientales (Trop J Environ Sci). (junio, 2013). Vol 45 (1): 13-22. Re-

cuperado de https://dialnet.unirioja.es/descarga/articulo/5536182.pdf

Escenarios Hidricos 2030. (2018). Radiografia del Agua: Brecha y Riesgo Hidrico en
Chile. Fundacién Chile, Santiago, Chile”. Recuperado de https://escenarioshidricos.cl/

wp-content/uploads/2020/06/radiografia-del-agua-1.pdf

Guzman, A., y Calvo, A. (2013). Planificacion del recurso hidrico en América Latina y el
Caribe. Tecnologia en Marcha, Vol. 26, N° 1, 4-17, 2013. Recuperado de https://dialnet.

unirioja.es/descarga/articulo/4835674.pdf

IEA (2012). World Energy Outlook 2012. International Energy Agency (IEA). Recuperado
de https://www.iea.org/reports/world-energy-outlook-2012

IFPR (2015). The murky future of global water quality. International Food Policy Research

Institute. Recuperado de http://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/
id/129349/filename/129560.pdf

Lee, U., Han, J., Elgowainy, A., & Wang, M. (2017). Regional water consumption for hydro
and thermal electricity generation in the United States. Applied Energy (2017). Recuper-

ado de https://www.osti.gov/pages/servlets/purl/1427501

Martin, L., y Bautista, J. (2015). Analisis, prevencion y resolucién de conflictos por el
agua en América Latina y el Caribe. Comision Econémica para América Latina y el
Caribe (CEPAL). Serie Recursos Naturales e Infraestructura n°® 171. Recuperado de

https://www.cepal.org/es/publicaciones/37877-analisis-prevencion-resolucion-conflic-
tos-agua-america-latina-caribe

OCDE (2015). Principios de Gobernanza del Agua de la OCDE. Organizacién para la Co-
operaciéon y el Desarrollo Econdmicos (OCDE). Recuperado de https://www.oecd.org/

cfe/regionaldevelopment/OECD-Principles-Water-spanish.pdf

57


https://www.cepal.org/sites/default/files/publication/files/46501/S2000990_es.pdf
https://www.cepal.org/sites/default/files/publication/files/46501/S2000990_es.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0264999312004294
https://www.sciencedirect.com/science/article/abs/pii/S0264999312004294
https://dialnet.unirioja.es/descarga/articulo/5536182.pdf
https://escenarioshidricos.cl/wp-content/uploads/2020/06/radiografia-del-agua-1.pdf
https://escenarioshidricos.cl/wp-content/uploads/2020/06/radiografia-del-agua-1.pdf
https://dialnet.unirioja.es/descarga/articulo/4835674.pdf
https://dialnet.unirioja.es/descarga/articulo/4835674.pdf
https://www.iea.org/reports/world-energy-outlook-2012
http://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/129349/filename/129560.pdf
http://ebrary.ifpri.org/utils/getfile/collection/p15738coll2/id/129349/filename/129560.pdf
https://www.osti.gov/pages/servlets/purl/1427501
https://www.cepal.org/es/publicaciones/37877-analisis-prevencion-resolucion-conflictos-agua-america-latina-caribe
https://www.cepal.org/es/publicaciones/37877-analisis-prevencion-resolucion-conflictos-agua-america-latina-caribe
https://www.oecd.org/cfe/regionaldevelopment/OECD-Principles-Water-spanish.pdf
https://www.oecd.org/cfe/regionaldevelopment/OECD-Principles-Water-spanish.pdf

OLADE (2019). Panorama energético de América Latinay el Caribe 2018. Organizacion
Latinoamericana de Energia. Recuperado de http://biblioteca.olade.org/opac-tmpl/

Documentos/old0416.pdf

Pahl-Wostl (2019). Governance of the water-energy-food security nexus: A multi-lev-
el coordination challenge. Recuperado de https://www.sciencedirect.com/science/
article/abs/pii/S1462901117300758

Pefia, H. (2016). Desafios de la seguridad hidrica en América Latina y el Caribe.
Comision Econdmica para América Latina y el Caribe (CEPAL). Serie recursos Natu-
rales e Infraestructura 178. Recuperado de https://www.cepal.org/es/publicacio-
nes/40074-desafios-la-seguridad-hidrica-america-latina-caribe

Polanco, J., Ramirez, F., Montes, L., Botero, B, y Barco, M. (2020). Incidencia de la de-
cision de manejo de sedimentos en el valor de una central hidroeléctrica. Dyna rev.
fac.nac.minas vol.87 no.213 Medellin Apr/June 2020. Recuperado de http://www.scie-

lo.org.co/scielo.php?script=sci_arttext&pid=S0012-73532020000200232

PUC (2013). Marco estratégico para la adaptacién de la infraestructura al cambio
climatico. Pontificia Universidad Catdlica de Chile. Recuperado de https://cambio-
global.uc.cl/images/proyectos/Documento_32_Marco-Estrategico-Adaptacin--Infrae-

structura-CC.pdf

Recursos hidricos en Chile: Impactos y adaptacion al cambio climatico. Informe de
la mesa Agua. Santiago: Comité Cientifico COP25; Ministerio de Ciencia, Tecnologia,
Conocimiento e Innovacion. Recuperado de https://www.minciencia.gob.cl/comiteci-
entifico/documentos/mesa-agua/19.Agua-Recursos-Hidricos-Stehr.pdf

Rodriguez, DJ., Serrano, H., Delgado, A., Nolasco, D., y Saltiel, G. (2020). De residuo a
recurso: Cambiando paradigmas para intervenciones mas inteligentes para la gestion
de aguas residuales en América Latinay el Caribe. World Bank, Washington, DC. Recu-
perado de https://openknowledge.worldbank.org/handle/10986/33436

Spang, E., Moomaw, W., Gallagher, K., Kirshen, P., and Marks, D. (2014). The wa-
ter consumption of energy production: an international comparison. Environ.
Res. Lett. 9 (2014) 105002 (14pp). Recuperado de https://iopscience.iop.org/arti-
cle/10.1088/1748-9326/9/10/105002/pdf

UNEP (2016). A Snapshot of the World's Water Quality: Towards a global assessment.
United Nations Environment Programme, Nairobi, Kenya. 162pp. Recuperado de

https://uneplive.unep.org/media/docs/assessments/unep_wwqa_report_web.pdf

58


http://biblioteca.olade.org/opac-tmpl/Documentos/old0416.pdf
http://biblioteca.olade.org/opac-tmpl/Documentos/old0416.pdf
https://www.sciencedirect.com/science/article/abs/pii/S1462901117300758
https://www.sciencedirect.com/science/article/abs/pii/S1462901117300758
https://www.cepal.org/es/publicaciones/40074-desafios-la-seguridad-hidrica-america-latina-caribe
https://www.cepal.org/es/publicaciones/40074-desafios-la-seguridad-hidrica-america-latina-caribe
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0012-73532020000200232
http://www.scielo.org.co/scielo.php?script=sci_arttext&pid=S0012-73532020000200232
https://cambioglobal.uc.cl/images/proyectos/Documento_32_Marco-Estrategico-Adaptacin--Infraestructura-CC.pdf
https://cambioglobal.uc.cl/images/proyectos/Documento_32_Marco-Estrategico-Adaptacin--Infraestructura-CC.pdf
https://cambioglobal.uc.cl/images/proyectos/Documento_32_Marco-Estrategico-Adaptacin--Infraestructura-CC.pdf
https://www.minciencia.gob.cl/comitecientifico/documentos/mesa-agua/19.Agua-Recursos-Hidricos-Stehr.pdf
https://www.minciencia.gob.cl/comitecientifico/documentos/mesa-agua/19.Agua-Recursos-Hidricos-Stehr.pdf
https://openknowledge.worldbank.org/handle/10986/33436
https://iopscience.iop.org/article/10.1088/1748-9326/9/10/105002/pdf
https://iopscience.iop.org/article/10.1088/1748-9326/9/10/105002/pdf
https://uneplive.unep.org/media/docs/assessments/unep_wwqa_report_web.pdf

UNESCO (2020). Organizacién de las Naciones Unidas para la Educacién, la Ciencia
y la Cultura (UNESCO). La seguridad hidrica y los Objetivos de Desarrollo Sostenible.
Manual de capacitacion para tomadores de decision. Programa Hidroldgico Interna-
cional (PHI) VIlIl/Documento Técnico N° 42, América Latina y el Caribe. Recuperado de

https://unesdoc.unesco.org/ark:/48223/pf0000374917.locale=en

Urquiza, A., y Billi, M. (2020). Seguridad hidricay energética en América Latinay el Cari-
be: definicion y aproximacion territorial para el analisis de brechas y riesgos de la po-
blacion”, Documentos de Proyectos (LC/TS.2020/138), Santiago, Comision Econdmica
para América Latina y el Caribe (CEPAL). Recuperado de https://www.cepal.org/sites/

default/files/publication/files/46408/52000631_es.pdf

Vergara, W., Rios, A., Trapido, P., Malarin, H. (2014). Agricultura y Clima Futuro en
Ameérica Latina y el Caribe: Impactos Sistémicos y Posibles Respuestas. Banco In-
teramericano de Desarrollo (BID). Recuperado de https://publications.iadb.org/

publications/spanish/document/Agricultura-y-clima-futuro-en-Am%C3%A9rica-Lati-
na-y-el-Caribe-impactos-sist%C3%A9micos-y-posibles-respuestas.pdf

WEF (2011). Water Security: The Water - Energy - Food - Climate Nexus. Recuperado
de https://www.weforum.org/reports/water-security-water-energy-food-climate-nex-

us

Yi, J., Paul, B., Arnold, T., & Laura, S. (2019). Water use of electricity technologies: A
global meta-analysis. Renewable and Sustainable Energy Reviews 115 (2019). Recu-
perado de https://www.sciencedirect.com/science/article/pii/S1364032119305994

mmmmmmmmmmmmmmmmmmmmmmmmmmmnmn


https://unesdoc.unesco.org/ark:/48223/pf0000374917.locale=en
https://www.cepal.org/sites/default/files/publication/files/46408/S2000631_es.pdf
https://www.cepal.org/sites/default/files/publication/files/46408/S2000631_es.pdf
https://publications.iadb.org/publications/spanish/document/Agricultura-y-clima-futuro-en-Am%C3%A9rica-Latina-y-el-Caribe-impactos-sist%C3%A9micos-y-posibles-respuestas.pdf
https://publications.iadb.org/publications/spanish/document/Agricultura-y-clima-futuro-en-Am%C3%A9rica-Latina-y-el-Caribe-impactos-sist%C3%A9micos-y-posibles-respuestas.pdf
https://publications.iadb.org/publications/spanish/document/Agricultura-y-clima-futuro-en-Am%C3%A9rica-Latina-y-el-Caribe-impactos-sist%C3%A9micos-y-posibles-respuestas.pdf
https://www.weforum.org/reports/water-security-water-energy-food-climate-nexus
https://www.weforum.org/reports/water-security-water-energy-food-climate-nexus
https://www.sciencedirect.com/science/article/pii/S1364032119305994

KONRAD
A ADENAUER
mm STIFTUNG

Konrad-Adenauer-Stiftung e.V.

Regional Programme Energy Security and Climate Change in Latin
America

Director: Nicole Stopfer

Editorial coordination: Maria Fernanda Pineda / Giovanni Burga / Anus-
ka Soares / Johanna Pastor

Fiscal address: Av. Larco 109, Piso 2, Miraflores, Lima 18 - Peru
Address: Calle Cantuarias 160 Of. 202, Miraflores, Lima 18 - Peru

Tel: +51 (1) 320 2870

energie-klima-la@kas.de

www.kas.de/energie-klima-lateinamerika/

Cover photo: Torres del Paine National Park
Author: Liam Quinn. Copyright: Attribution-ShareAlike 2.0 Generic.
Source: www.flickr.com

“Torres del Paine National Park”, by Liam Quinn, is licensed
under Creative Commons CC BY-SA 2.0./ Color modified from
original (To view a copy of this license visit: https://creativecom-
mons.org/licenses/by-sa/2.0/)

Notice

The opinions expressed in this document are
the sole responsibility of the author and do
not necessarily coincide with the views of the
Konrad Adenauer Foundation.


http://www.kas.de/energie-klima-lateinamerika/
http://www.flicker.com
https://creativecommons.org/licenses/by-sa/2.0/)
https://creativecommons.org/licenses/by-sa/2.0/)
https://creativecommons.org/licenses/by-sa/2.0/ 

	_GoBack
	_Hlk70169794

