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Abstract: In the summer of 2010/2011 Chile suffered 
the third most severe energy and water supply crisis 
in only one decade. This may be surprising as the 
Andes which accompany the country along 4,200 km 
are a water tower and could provide more electricity 
and water than needed. On top of that, it has to be 
mentioned that Chile also counts with sunny and 
windy climates and with excellent geothermal energy 
resources and thus has a huge potential as far as 
renewable energies are concerned. After analyzing the 
existing natural conditions, the infrastructure and the 
present challenges of climate change, it has to be 
asked in which way Chile can make use of this 
potential in the near future, considering the legal and 
political situation and the technological opportunities. 
It seems that the resources are still hidden in the 
Andes, and only the key is missing to realize the 
country’s natural potential. This research has been 
based on the analysis of existing literature, media, 
quantitative data from government institutions and 
other antecedents obtained by the authors in field 
work done in the South of Chile in 2010. The added 
value of this compilation lies in the comprehensive 
perspective, linking the knowledge of climatologists, 
hydrologists, mountain researchers and energy 
experts in order to support a sustainable energy and 
water supply for the future in Chile. From this present 
research, it can be concluded that Chile necessarily 

has to adopt new energy-related strategies, 
particularly those aimed at diminishing the strong 
dependence on traditional sources of energy and 
establishing new techniques and technologies for 
generating electricity and utilizing the vast potential 
that the country is ready to offer, such as that 
provided by the Andes along 4,200 kilometers. 
 
Keywords: Mountain region; Andes; Energy supply; 
Chile 

Introduction 

Increasing clean electricity production is a 
major challenge for South America and Chile. In 
South America, more than 50% of the electricity 
generated comes from hydropower, compared to 
17% of the global electricity production. In Chile, 
the proportion of hydroelectric energy was 78% in 
1995 and has since fallen to 38% because Chile has 
been importing natural gas from Argentina since 
1997. Worldwide, and particularly in South 
America, hydropower is by far the largest 
renewable source of electricity. Nevertheless, Chile 
uses only approximately 18% of the exploitable 
hydro-resources, making it one of the regions with 
the largest potential for expanding hydropower (cf. 
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Rudnick and Mocarquer 2008; Simon et al. 2012). 
Since 2007, Chile has often experienced 

extreme drought events that have reduced the 
country’s water reserves to a third of normal 
capacity, leading to water levels 45% below 
historical averages (DGA 2011). This phenomenon 
is produced by the so called “La Niña” climate 
event, which brings unusually warm and dry 
weather on the Pacific coast of South America, 
reducing rainfall from southern Chile to northern 
Colombia. This situation has affected the central 
area of Chile, threatening water supplies for 
farmers. The construction of new reservoirs which 
could make up for the weakening retention 
function of the melting glaciers would improve 
water supply for the future.  

Chile faces a big challenge: the uninterrupted 
development process of the country, which in 2010 
reached the highest growth rate of the OECD 
countries and is also the member state with the 
lowest unemployment rate (OECD 2011). The 
consequence has been a steadily rising demand for 
water and energy (Borsdorf 2010). The Andes, 
stretching along 4,300 kilometres, and its glaciers 
and rivers offer a major potential that is currently 
not being made proper use of — as the catastrophic 
droughts of last year have shown — resulting in a 
marked increase in the demand for energy and 
water across the country throughout this process of 
development. During dry seasons, Chile had to 
ration the water for the needs of population, 
agriculture and industries and reduce the power 
level from 230 V to 200 V. In this context, climate 
change is also responsible for this situation as it 
affects the retention potential of glaciers. 

Apart from this, foreign affairs issues also have 
a certain impact on the electrical power supply 
(Huneeus 2007). Chile currently depends on 
Argentinean natural gas imports; Argentina, in 
turn, imports natural gas from Bolivia, which has 
established delivery conditions, such as that 
Argentinean energy carriers are not supposed to 
sell this gas to Chile, causing a shortage in this 
sector (Elizalde and González 2008; Simon et al. 
2012). Chile has been working hard to overcome 
this absolute dependency on Argentina and, as of 
2009, two natural gas processing plants have been 
inaugurated (Anonymous 2009). Even though 
these efforts have proved worth it, further new 
sources of energy are required to improve the 

current energy supply network. 
These issues could easily be avoided if hydro-

power energy sources and other kinds of renewable 
energy (wind, solar and geothermal) were exploited 
to safeguard electrical power supply. Among these, 
hydro-power stations are the most promising, 
given that the relief energy of the Andes is a 
prerequisite in energy production and particularly 
– by pumped-storage hydroelectricity stations – to 
offer competitively priced peak current. 

Chile, given the location of its northern and 
central regions in arid and semiarid climatic zones, 
strongly depends on irrigation (Bähr 1979: 24f) and 
water supply from the run-off of rivers fed by the 
glaciers in the Andean Cordillera. Nevertheless, the 
effects of climate change are endangering the 
proliferation of water and have led to severe 
drought crises which caused electricity shortages. 
This raises the question if the installation of new 
reservoirs may serve as an adaptation policy to 
avoid risks in the future and to supply population, 
agriculture and industry with sufficient water and 
energy. The strong opposition to the construction 
of new dams has to be considered under this aspect, 
(in the region of Aysén del General Carlos Ibáñez 
del Campo: Borsdorf 2010; Romero et al. 2009), as 
well as water rights and the neoliberal policy of 
Chile (Fischer and Galetovic 2003; Raineri 2006; 
Rudnick 2003).  

Unfortunately these problems have not been 
sufficiently discussed in Chile. In comparison with 
other Andean countries, Chile’s efforts to increase 
its hydroelectric power generation have been 
limited. While Venezuela increased its production 
55-fold within the last 40 years and Argentina 34-
fold, Chile only doubled its installed capacity over 
the same period (Molina et al 2010: 26). The total 
capacity installed by 2008 was 4767 MV (2002), 
which corresponds to an exploitation rate of 18.3% 
of the existing potential. As a consequence of this 
and according to the water and energy crisis of the 
summer of 2010/2011, the current condition of 
power supply and water availability in times of 
intense variations in precipitation necessarily has 
to be examined to find a reference point for 
ecologic, economic and socially compatible 
development policies to protect water and energy 
supply and to develop adaptation strategies in view 
of demanding global changes (globalisation and 
climate change). 
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The central hypothesis of this article is that in 
the face of growing energy needs in Chile, the 
solutions proposed by government authorities have 
been directed at encouraging thermoelectric mega 
projects. However, these policies carry significant 
environmental impacts, generate broad public 
rejection and make use of fuels which, as a result of 
global changes, are unstable in the medium term 
supply and will constantly increase in price. Seeing 
this situation, it is reasonable to search more 
economic and stable sources, particularly where 
Chile holds comparative advantages. It is precisely 
here that mountain areas can play a fundamental 
role, given the fact that they possess enormous 
advantages, such as those represented by wind, 
solar, hydro- and geothermal resources, and are 
able to meet high energy demands. 

1      Evolution of Energy Consumption and 
Sources of Energy 

Energy consumption in Chile has continually 
increased. While in 1991 the consumption of energy 
was 118,208 tera calories, in the year 2008 this 
figure had reached 250,977 tetra calories (CNE 
2011). Nationwide energy consumption is 
unbalanced. In the metropolitan region of Santiago, 
the use of energy amounts to 30.4% of the total 
generated, while in the region of Aysén the 
consumption corresponds to only 0.3%. By 
economic sector, three consumer groups can be 
identified: industry and mining — 36.2%, transport 
— 35.2%, and trade, public and residential — 
24.4% (INE 2009). 

As far as electricity is concerned, demand has 
doubled every 10 years. The total installed capacity 
in Chile amounts to 15,558.08 MW, by far 
exceeding the annual peak demand of 
approximately 8,000 MW (Figure 1). It has been 
forecast that by 2020 electricity consumption will 
rise between 6% and 7% annually, which means 
approximately 100,000 GWh of total electricity 
demand by that date. This situation will lead to 
increase the current offer, in that period, in more 
than 8,000 MW in projects of electricity 
production (Government of Chile 2012). 

Energy production is organised in four main 
energy generating systems: the Sistema 
Interconectado del Norte Grande (Interconnected 

System of Norte Grande) covers the needs of the 
Arica y Parinacota, Tarapacá and Antofagasta 
regions and has a capacity of 3,601.9 MW and a top 
demand of 1,897 MW. The Sistema Interconectado 
Central extends from Taltal to the Isla Chiloé, has a 
capacity of 9,385.7 MW and a demand of 6,147 MW. 
The Sistema Aysén supplies the region of Aysén del 
General Carlos Ibáñez del Campo and has a 
capacity of 40.15 MW and a demand of 20.4 MW, 
and last but not least the Sistema Magallanes 
covers the southernmost regions of Chile and has a 
capacity of 98.71 MW and a demand of 47 MW, 
according to data obtained from the Ministry of 
Energy in 2011. 

Electricity in Chile originates from six types of 
energy sources: hydro-resources (34.54%), 
petroleum (14.32%), natural gas (32.29%), carbon 
(15.57%), biomass (1.38%) and others (3.28%). As 
it can be observed, Chile has an enormous hydro 
capacity, but scarcely more than a third of the total 
amount of energy is generated from this resource, 
compared with countries such as Norway (99%), 
Brazil (80%) and Canada (59%). This situation 
leads to the use of less efficient and more 
contaminating fossil fuels to make up for the lack 
of hydroelectricity. Currently 63% of all on-going 
projects for generating electricity are thermal in 
nature and 95% of them are based on carbon 
(Ministerio de Energía 2011). 

Hydroelectricity is currently being generated 
in 49 plants which represent a total of 5,375.7 MW 
of installed capacity (Table 1). 38 of these plants 
are run-of-the-river power stations distributed 
across the country and represent 29.6% of the 
installed capacity. The remaining 11 stations are 
dams concentrated in the Sistema Interconectado 
Central.

Figure 1 Installed capacity (MW) and maximum 
demand (MW) between 1998 and 2010 
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Table 1 Characteristics of hydroelectric power stations in Chile (Source: CNE 2011) 

Company Plant names 
Height 
ASL (m)

Put into 
service in 

Type 
Brutto 
capacity 
(MW/yr) 

Max. run-off  
(m3/sec) 

Fall 
(m) 

Queltehues 1,496 1928 River 48.9 28.1 213 
Volcán  1,345 1944 River 14 9.1 181 
Alfalfal 1,388 1991 River 178 30 720.5

AER Gener 

Maitenes 1,153 1923, 1989 River 31 11.3 180 

Cavancha Cavancha 923 1995 River 2.6 No data 
No 
data 

Cenelca Canutillar 225 1990 Dam 172 75.5 212 
Colbún 262 1985 Dam 478 280 168 
Machicura 253 1985 Dam 96 280 37 
San Ignacio 201 1996 River 37 194 21 
Rucúe 395 1998 River 178 65 140 
Quilleco 401 2007 River 72.2 65 59.3 
Chiburgo 405 2007 Dam 19.4 20 120 

Colbún 

San Clemente 410 2010 River 6.1 17 35.5 

E-CL Chapiquiña 3,368 1967 River 10.2 No data 
No 
data 

Hidroeléctrica 
Aysén 

  1960 River 6.6  
No 
data 

Hidroeléctrica 
Lago 
Atravesado 

293 2003 River 11 No data 
No 
data EDELAYSEN 

Central 
Hidroeléctrica 
El Traro 

  1987 River 0.6 No data 
No 
data 

E.E. Capullo Capullo   1995 River 11 8 149.5 

E.E. Cuchildeo S.A.  Cuchildeo   2008 River 0.7 No data 
No 
data  

E.E. Panguipulli Pullinque   1962 River 51.3 120 48 

E.E. Puyehue Pilmaiquén   
1994, 1945, 
1959 

River 39 150 32 

Eléctrica Puntilla S.A. Puntilla   1997 River 22.3 20 92 
E.E. Industrial Carena   1943 River 10 9.6 127 

Sauzal   1948 River 76.8 73.5 118 
Los Molles   1952 River 20 1.9 1,153 
Cipreses   1955 Dam 99.9 36.4 370 
Sauzalito   1959 River 12 45 25 
Rapel   1968 Dam 380 535.1 76 
El Toro   1973 Dam 448 97.3 545 
Antuco   1981 Dam 324 190 190 
Ralco   2004 Dam 763.8 368 181.4 
Palmucho   2007 River 32 27.1 125.8 
Ojos de Agua   2008 River 9.5 14.5 75 

Abanico   
1948, 1959, 
1963, 1964 

River 129 106.8 147 

ENDESA 

Isla   1963-1964 River 66.6 84 93 
Minihidro Alto 
Hospicio 

  2010 Dam No data No data 
No 
data 

ENERNUEVAS 
Minihidro El 
Toro N° 2 

  2010 Dam No data  No data 
No 
data 

HASA Aconcagua   1993-1994 River 89 20.2 654.3
HGV Los Quilos   1943-1989 River 39.9 22 227 
Hidroeléctrica Trueno 
S.A. 

Trueno   2010 River 5.6 2.9 107 

Hidromaule Lircay 305 2009 River 19 22 100 
Hidropaloma  S.A.  La Paloma   2010 River 4.9 12 38 
      -to be continued-
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Company Plant names 
Height 
ASL (m)

Put into 
service in Type 

Brutto 
capacity 
(MW/yr) 

Max. run-off  
(m3/sec) 

Fall 
(m) 

Mampil   2000 River 49.4 46 124.2 
IBENER 

Peuchén   2000 River 77.5 36 236 
Obras y Desarrollo S.A. Chacabuquito   2002 River 28.4 21 135 
PacificHydro Chile Coya   2008 River 28.4 9 137 
Pangue Pangue   1996 Dam 456 500 99 

Pehuenche 632 1991 Dam 551 300 206 
Curillinque   1993 River 85.5 84 114.3 Pehuenche 
Loma Alta 536 1997 River 38 84 50.4 

Rio Tranquilo Hornitos   2008 River 55 12 550 
Sociedad Canalistas del 
Maipo 

El Rincón   2007 River 0.3 0.5 71 

 La Florida   
1909, 1993, 
1999, 2003 

River 29.2 30 98 

 
 

2 Climatic Zones in Chile and the 
Consequences of Climate Change 

The ribbon-shaped extension of Chile (from 
17° to 56° south latitude) fosters the development 
of different climatic areas which can be grouped in 
five distinct regions: Norte Grande, Norte Chico, 
Núcleo Central, Sur Chico and Sur Grande 
(Weischet 1970) (Figure 2). 

In Norte Grande (17° to 27° southern latitude), 
desert climate types predominate. These climates 
are characterised by marked daily fluctuations in 
temperature. Precipitation occurs in winter, 
between 0 mm to 10 mm. In more elevated areas 
such as the Highlands, with elevations above 3,000 
meters, the climate is characterised by the 
predominance of very low convective precipitation, 
mostly concentrated in summer. The region called 
Norte Chico (27° to 32° southern latitude) 
corresponds to a transition zone from desert 
climates to mediterranean climates. In the 
northern part of this region, temperatures are still 
high during the day, ranging from about 10°C to 
20°C and clear skies predominate. Precipitation is  
reduced, mostly concentrated in winter and are of 
frontal characteristics. A warm temperate climate 
with a dry season is characteristic for the southern 
area of this region. In the regions Núcleo Central 
(32° to 38° southern latitude) and Sur Chico (38° 
to 43° southern latitude), Mediterranean climates 
types predominate. The average annual 
temperature of 15°C and precipitation are 
concentrated in winter with average amounts 
ranging from 300 mm in the central northern area 
to 800 mm at its southern end. These precipitation 

are distributed abnormally, that is, irregularly, i.e. 
concentrated in a single month or throughout the 
entire winter period. This high variability generates 
recurring and long periods of drought. In the 
Andean zone, a temperate climate dominates, with 

Figure 2 Climatic zones in Chile 
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a dry season stretching for 4 to 5 months. Higher 
altitudes receive plenty of precipitation, with 
amounts greater than 1,000 mm, in the form of 
snow and contain important water supplies in the 
form of permafrost and glaciers. Sur Chico has a 
warm temperate climate with a short dry season, 
here precipitation is more abundant, varying from 
1,000 to 3,000 mm; in the Andes this precipitation 
falls as snow between May and August. As for 
temperatures, these are slightly lower than those 
previously described and high daily amplitudes 
between 10°C and 20°C remain. Finally, in the 
region Sur Grande (42° to 56° southern latitude) 
the climate is characterised by average annual 
precipitation of up to 2,000 mm, reaching the 
highest values in winter months and decreasing in 
summer. 

3     Recurring Droughts in Chile 

One of the main characteristics of the 
dominating Mediterranean climate in the Núcleo 
Central is the current existing cycle of dry and 
warm summers and rainy and cold winters. The 
level of precipitation shown in the table above 
reflects this strong seasonality (May–July) 
influenced by the intensity of the Pacific 
Subtropical Anticyclone and western winds on 
their way to the Equator. Precipitation originates in 
cold temperatures associated with low pressure 
systems (Montecino and Aceituno 2003). Given 

that from year to year the position and intensity of 
the Pacific Subtropical Anticyclone and of the 
western winds associated with El Niño (Southern 
Oscillation, which refers to the cyclic warming and 
cooling of the surface ocean of the central and 
eastern Pacific), the central region of Chile shows 
an annual highly variable rate of winter and spring 
precipitation, with a marked tendency to cause 
extreme climatic events, such as intense droughts, 
frost and frequent floods in rainy years (Ruttlandt 
2004). In Chile, droughts are associated with La 
Niña (Southern Oscillation). In its presence, the 
southeast Pacific Subtropical Anticyclone is more 
intense and its area of action moves further south 
than usual, impeding the normal displacement of 
frontal systems from the west of the Pacific towards 
continental mid-latitudes. This atmospheric 
condition reduces the frequency of frontal cloud 
bands along the central and northern areas of the 
country, blocks and weakens active fronts towards 
the mainland and inhibits the convective activity, 
essential factors for precipitation (Quintana 1999; 
Figure 3). 

For purposes of hydropower generation, 
droughts are natural phenomena that affect and 
weaken the water supply, given the current matrix 
of energy that the country possesses, characterized 
by strong dependency of the system on this 
resource. Droughts are phenomena of wide spatial 
coverage and slow development, which hinders the 
adoption of appropriate measures for controlling 
them, since it is also difficult to estimate their 

 
Figure 3 Average monthly precipitation for selected weather stations 
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duration (Fernández 1997). This kind of 
phenomenon affects the availability and utilization 
of water and has a strong impact on agriculture, 
livestock, forestry and energy supply for industrial 
and residential use, thus leading to large losses for 
a country’s economic activity. In Chile, it is 
estimated that in at least 100 out of the last 450 
years, there has been some degree of drought 
(Arrese 2008). In the past 50 years, 12 drought 
events have been registered. The scale of impact on 
the economy that these events have is reflected (e.g. 
for the drought of 1968–1969) in a loss of 65% of 
grains and vegetables, as well as of 225,000 jobs 
related to agricultural activity, reaching a loss of 
US$ 1 billion. Subsequently, the event in 1996 cost 
the country approximately US$ 93.7 million 
(Arrese 2008). In most recent events — 2007-2008 
and 2010-2011 — 80,000 farmers have been 
affected and the economic impact reached $ 12 
million, which correspond to funds intended to 
support this sector (Meza et al 2010). 

Recently, during the drought of 2010–2011, 
there has been a decrease in precipitation, with 
reductions between 25% and 50% in the Central 
Core and between 10% to 25% between the Sur 
Grande and the Zona Austral (DGA 2011). This 
was reflected in the water storage capacity in the 
reservoirs, which reached a storage capacity of only 

33.6% in the period from March 2010 to March 
2011. Table 2 shows a comparison of the current 
situation of reservoirs with respect to historical 
average retention records. 

Although droughts are threatening Chile more 
frequently, this phenomenon has yet neither been 
analysed by scientists nor have adaptation 
strategies been reflected. Given the functions of the 
Andes as a water tower of the continent, research 
should initiate a discussion on using this potential 
more efficiently considering the effects of climate 
change as well as the growing demand. 

4     Consequences of the Climate Change 
in Chile 

In the current context of climate change, 
studies by the Intergovernmental Panel on Climate 
Change (2001, 2007) indicate that the average 
temperature of the earth's surface has risen more 
than 0.6°C in the last years of the 19th century. It is 
expected that this rise will increase to between 
1.4°C and 5.8°C by the year 2100. In this same 
study, Chile has been shown as a country 
vulnerable to temperature variations, signalling 
issues of water availability, changes in agricultural 
margins, rise of the sea level, increased levels of 

Table 2 Situation of selected dams during drought 2010/2011 (Source: National Water Agency 2011, compilation 
by the authors) 

Dam Main use Average (Mm³) Discharge (Mm³) Variation (%) 
Lautaro Irrigation 12 0 –100 
Santa Juana  Irrigation 119 83 –30.20 
La Laguna Irrigation 24 24 0 
Puclaro Irrigation 117 80 –31.60 
Recoleta  Irrigation 58 38 –34.40 
La Paloma  Irrigation 395 165 –58.20 
Cogotí Irrigation 75 4 –94.60 
Colimo Irrigation 2.8 0 –100 
Corrales Irrigation 39 20 –48.70 
Peñuelas Drinking water 22 3 –86.30 
El Yeso  Drinking water 200 144 –28 
Rungue Irrigation 0.3 0 –100 
Rapel Electricity 579 481 –16.90 
Colbún Electricity and irrigation 1,057 949 –10.20 
Laguna del Maule Electricty and irrigation 968 349 –63.90 
Bullileo Irrigation 2.6 0 –100 
Digua Irrigation 28 26 –7.1 
Tutuvén Irrigation 2.1 5.2 147.6 
Coihueco Irrigation 7 7 0% 
Lago Laja Electricty and irrigation 3,479 1076 –69 
Ralco Electricity 558 685 22.70 
Pangue Electricity 65 77 18.40 

Note: Average refers to the historical monthly average discharge; Discharge is the value in March 2011 (Mm³) 
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contamination and even effects on human health. 
National studies have gone further into these 

effects (Aceituno et al. 1992; Quintana 2004; 
Quintana and Aceituno 2006; CONAMA 1999; 
2008; Department of Geophysics University of 
Chile 2006) and identified impacts such as the 
intensification of aridity in the northern area of the 
country, an advance of the desert to the south and a 
significant reduction of water resources in the 
central area (Abraham and Beekman 2006). The 
expected temperature rise for the continental area 
of Chile is estimated at 2°C and 4°C compared to 
current levels, with marked temperatures in 
Andean regions. With regard to seasonality, this 
warming is higher in summer, exceeding 5°C in 
some elevated areas of the Andes. With regard to 
precipitation, these decrease almost up to 40% in 
the lowlands of the Núcleo Central, gaining in 
volume when they approach the Andes during the 
summer, and decreasing in autumn and winter. A 
similar reduction is expected in the area of Sur 
Grande where summer precipitation will reduce by 
25%, going back to normal values during winter. 

The impact of climate change on precipitation 
in the Núcleo Central and the Sur Grande, added 
to the growing demand for water and electricity, 
present highly vulnerable scenarios in the future, 
unless relevant changes in the energy supply in 
Chile come into being. It is therefore necessary to 
rethink and reduce dependence on precipitation of 
the Núcleo Central by developing new adaptation 
technologies to climate change, such as non-
conventional energies, i.e. solar, wind or biomass. 
It is for these reasons that mountain areas could be 
relevant to developing these new mechanisms. 
However this possibility has received scarce 
attention, and there exists a fundamental lack of 
knowledge to characterise and analyse in depth all 
the potential that they have. 

5     The Andes – Source of Energy 
Diversity in Chile 

Economic projections indicate that by the year 
2030 energy consumption will have increased up to 
3.3 times at an average annual rate of 5.4%. In this 
way, Chile will reach a consumption of 812,000 
tetra calories. This energy consumption will be 
based on electricity and diesel, increasing the 

former by 3.2 times and the latter by 4.2 times 
(PROGEA 2008).  

However, such increase of energy 
consumption entails associated risks. The 
consequences of climate change in Chile indicate 
that the up-shifting in altitude of the isotherm 0°C 
will cause an increase in winter floods of the rivers. 
As a consequence of this, snow reserves of water 
will decrease. This situation represents an 
important challenge for the central area of the 
country, being the most productive in the forestry, 
farming and livestock development sectors and in 
energy production. Furthermore, pessimistic 
projections in the oil market and its derivates 
should also be considered. A gradual decrease in 
the global supply of petrol is expected to take place, 
as current reserves go up to 1 billion barrels, 
enough for approximately 30 more years. Moreover, 
the steady increase in consumption will reach 
39,420 millions of barrels a year by the end of the 
third decade of this century. This situation will lead 
to a constant increase in the price of petrol, which 
might reach U.S $210 per barrel by the year 2035 
(EIA 2010). 

Considering these facts, it is necessary to find 
more stable and economic sources for satisfying the 
energy demands of the country, especially where 
Chile has comparative advantages. It is precisely 
here where mountain areas play a fundamental role, 
as in addition to the existent hydro-resources there 
are potential resources such as solar, wind and 
geothermal energy.  

Hydro-resources in mountain areas are not 
only exploited by pumped-storage and run-off-the-
river hydroelectric stations but also by pumped-
dam stations and by related irrigation systems. 
Both modalities are characterised by the low 
amount of investment needed for their 
implementation, their reduced environmental 
impact, the possibility of their being set up in 
different parts of the territory, and their 
complementarily and efficiency for other uses such 
as agriculture, especially in areas where hydro-
resources are scarce. A study conducted by the 
National Commission of Energy and the National 
Commission of Irrigation (2007) reports that the 
hydroelectric potential associated to irrigation 
systems between the regions of Atacama and 
Araucanía reach 866.2 MW, out of which almost 
45% of it is located in mountain areas. 
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A first type of electricity generation form may 
be associated to irrigation plants, either in 
existence or in planning, canals and dams, whose 
discharge capacity is above 4 m3/s, where the steep 
terrain or the falls allow generating at least 2 MW. 
In these cases, power plants could be incorporated 
into the inner course of canals and attached to 
dams without altering the extraction frequency 
from their natural stream or the corresponding 
dam. On the other hand, a different form of 
electricity generation may correspond to the 
unification of several irrigation canals without a 
dam, set up in the upper course of rivers whose 
streamflow capacity may yield more than 4 m3/s 
for irrigation purposes. This union could imply a 
complete reorganization of the extraction of water 
from these streams, up to the point of capturing all 
of the capacity that satisfies irrigation needs, which 
at the same time is equivalent to the right of water 
use. Differently from the first form of electricity 
generation, these canals that could be unified do 
not generally possess an individual capacity of  
4 m3/s; however there exist natural streams that 
could serve to accumulate this volume of water by 
means of unification, as long as the capacity of the 
stream flow source permits this during the 
irrigation period (September–April). It is worth 
mentioning that the water volume that is planned 
to be used for electricity generation purposes is 
equivalent to the current volume destined for 
irrigation use. 

On the other hand, a study appointed by the 
National Commission of Energy about the capacity 
of wind and solar energy in the north of Chile 
shows that this region possesses vast areas with 
appropriate topographic conditions which could 
allow the development of wind parks with a total 
(capacity/supply) of thousands of megawatts. 

It is for this very same reason why the four 
most important wind parks have been set up along 
the coastal area, namely: Canela I (11 units– 
18.1 MW); Canela II (40 units–60 MW); Totoral 
(23 units–46 MW); Monte Redondo (24 units– 
48 MW) and Talinay (243 units 500 MW). 

Also the highlands located above 2,000 m 
have great potential, given that here winds blow at 
an average speed between 8 and 10 m/s. Regarding 
the availability of solar resources, the north of the 
country presents adequate conditions, though 
somewhat reduced in the coastal region due to 

morning cloudiness, and in the high plateau areas, 
mostly in summer. Again, mountain areas are 
chiefly suitable, for these have the highest averages 
of radiation, reaching even 8 kWh m2 daily.  

In Chile there are 118 suitable geothermic sites 
for electricity generation or other uses. The 
geothermal activity extends along the Andes 
mountain range (Lahsen 1988). The most 
important areas in the North are located above 
4,000 m, some of which extend along several km2 
where notable hydrothermal alterations in adjacent 
rocks, particularly in the regions of Untupujo, 
Surire, Puchuldiza, Colpagua and Tatio (Lahsen 
1976) can be found. The most important thermal 
areas in the Sur Chico are located near the active 
volcanoes Chillán, Puyehue, Copahue and Cordón 
de Caulle (Lahsen 1985). Although this resource 
can be exploited in large geothermal electric power 
plants, it is also possible to use smaller stations 
with capacity for generating electricity ranging 
from 35 to 1,000 kW, capable of supplying isolated 
rural communities (Lahsen 2000).  

Despite the relevant energetic potential that 
Chilean mountain areas present, notable 
technological, economic and institutional barriers 
exist that may hinder Chile’s access into the market 
of Non-Conventional Renewable Energies, such as 
the high initial investment needed, the limited 
available subsidy, the lack of long-term contracts, 
the difficulties in accessing and connecting to 
transmission lines, the insufficient information on 
currently existing resources and the 
communication gap between the actual scientific 
research and the government institutions, among 
others (Ministry of Energy 2011). 

Although the owner of water rights can make 
use of the water as he wishes, seasonal availability 
brings with it problems of usage. Also, the cultural 
differences and the lack of knowledge and the 
intervention of the authorities of irrigation greatly 
influence the efficient use and distribution of water. 
This is why well managed new reservoirs can help 
to solve the present issues. For wind-generated 
energy, the technology for operating at high 
altitudes is still reduced, nor are the costs of 
conversion technologies for solar energy into 
electricity competitive with other energy sources.  

In addition, there are only few possibilities to 
establish long-term energy supply contracts. This is 
an obstacle to private investment in the field of 
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Non-Conventional Renewable Energies, given that 
financial institutions are concerned with the 
volatile prices of energy in the Spot market and 
consider this a risk factor. If long-term contracts 
with NCRE (Non-Conventional Renewable 
Energies) companies could be established, this 
would surely lead to reduced energy provision costs 
and therefore more economic competition. On the 
other hand, the times to be granted authorization 
are extensively long, and so are those permissions 
and rights necessary for the realization of projects 
aimed to exploring and exploiting energy-related 
resources, leading to delays in the start-up process 
of new projects. Between 2003 and 2011, 166 new 
projects have been submitted to SEIA (English: 
Environmental Impact Evaluation System), out of 
which only 11% have been approved and are 
currently being constructed. A good example of the 
complicated process is the case of the hydrological 
station HidroAysén, which consists of the 
construction and operation of five hydroelectric 
stations, two of them in the Baker River and the 
remaining three in the Pascua River, both located 
in the XI region of Aysén. The initial investment 
was approximately US$ 3.2 billions. HidroAysén 
should provide 2,750 MW and yield an average of 
18,430 GWh that could be transferred to the 
Sistema Interconectado Central SIC (English: 
Interconnected Central System). The original 
project foresaw that once the corresponding 
environmental permissions were granted, the 
construction should be completed within 
approximately 12 years (2012–2022). The 
timetable for starting operation at the stations 
would be Baker I (2016), Pascua 2.2 (2017), Pascua 
2.1 (2019), Pascua 1 (2021) and Baker 2 (2022). For 
this reason, in 2008, HidroAysén handed in its 
Environmental Impact Research to the Comisión 
Nacional de Medio Ambiente (National 
Environmental Commission) of Aysén in order to 
formally start the corresponding evaluation process. 
As of that date, the project HidroAysén has 
received three reports, specifically asking for 
clarifications and a broader development of the 
Environmental Impact Research, and has had to 
face 15 proceedings of administrative and judicial 
nature, which has clearly led to a substantial delay 
in the original plans. Another example that shows 
how difficult it is for investment projects to 
overcome obstacles has to do with geothermal 

projects, for which waiting times can be as long as 
seven years. One of the reasons that explain this 
situation is that most companies that have been 
granted an exploration permission must, should 
they find enough potential for the construction of a 
plant, postulate themselves once again to obtain a 
new concession, but this time to operate such a 
plant, along the lines of another state proceeding 
with similar speed. At the same time, the 
limitations presented by the transmission lines do 
not favour the development of NCRE (Non-
Conventional Renewable Energies). Most 
initiatives are located in areas far away from the 
existing transmission lines and given the fact that 
they cannot share the line but have to design and 
build an individual one instead, generate loss and 
lack of business competition, hampering the 
economic profitability of such new projects. 

6     Conclusion 

The Chilean society must adopt a realistic 
development strategy for the future. Energy 
consumption will increase steadily as a direct 
consequence of Chile’s economic growth, and 
therefore meeting this need will require solid 
sustainable energy-generation strategies. It is of 
fundamental importance to have a perspective that 
encompasses aspects such as energy efficiency , 
reduced dependency on energy imports and the 
proper use of the energetic resources in which the 
country possesses its own comparative and 
competitive advantages. 

Chile possesses an enormous energy potential 
because of its orographic, tectonic and climatic 
conditions. The climates of the north offer solar 
energy, winds blow strongly because of their 
location in the atmospheric circulation and 
regional characteristics (west wind drift, coastal 
and mountain winds), the geothermic gradient is 
high due to tectonic and volcanic activity in almost 
all regions of the county. The disadvantages that 
some of these energy sources present (irregularities 
in solar radiation and wind intensity) can be 
mitigated by the storage capacity of pump storage 
reservoirs in the Andes, yet another source of 
energy. Unfortunately, the potential of renewable 
energies has not yet been exploited appropriately. 
However, with strong efforts to extend strategies 
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based on the country’s own resources, energy 
dependency on imported gas could be avoided and 
even current talks about building nuclear power 
stations, which would lead to enormous risks 
(earthquakes, tsunamis and the like), could be 
abandoned.  

Hydroelectric production by means of 
constructing dams and reservoirs is another way 
out of the increasing risks of water scarcity as a 
result of climate change (increasing drought issues 

due to the diminishing storage capacity of glaciers 
and the irregularity of river run-offs and 
precipitation). As the relief energy in the Andes is 
very high, pump storage power stations would not 
only improve the energy production markedly but 
also take on some of the retention functions of 
melting glaciers. This article aimed to demonstrate 
that adaptation strategies to droughts and energy 
scarcity are feasible and Chile simply has to exploit 
its own potential. 
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