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a b s t r a c t

Chile needs to increase its installed electric capacity to support economic growth. Currently, the total
demand is 67,564 GW h and an additional 22,508 GW h will be needed by 2020 to meet the energy
demand of industrial projects. The Chilean mining industry is a major electricity consumer in the country
accounting for one third total consumption over today. Solar energy has the highest potential for growth
in northern Chile as the north of the country hosts the highest solar resources of the world. In this paper
we present a comprehensive review of the energy supply and demand status, planning and prospects in
the country with focus on solar photovoltaic- and solar thermal-projects. As of the end of 2014, a solar
capacity of 2384 MW are operational and under construction, and more than 10,000 MW of solar power
plants have been proposed; most solar projects are located in northern regions where the mining takes
place. Considering a conservative scenario where one half of the proposed solar projects would be
operational before 2020, solar technology could cover a great part of the country’s energy requirements.
We evaluated eight operating PV plants and three operating solar thermoelectric plants based on a multi-
criteria assessment to offer a reference point for assessing future projects.

& 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

Currently, there is no single report that compiles all the infor-
mation related to the development of solar energy in Chile. One of
the sources for project-specific information is the Environmental
Impact Assessment System (SEIA). However, projects below or
equal to 3 MW do not make declarations of environmental impact.
Our review includes all large and small projects with nominal
power o3 MW for which there is published information about its
location and consumer. We include data for economic and tech-
nical analysis of solar plants, such as technology, irradiation levels,
investment, and capacity factors. This comparative review offers a
tool to assess rates of return and cost of electricity, applied to all
solar technologies (e.g., PV, CSP without storage, combined cycle.)
installed in Chile. Thus, this article offers a source of useful data for
the evaluation of solar projects in Chile and illustrates the appli-
cation of multi-criteria assessment to the evaluation of PV and
solar thermal plants. The results of this assessment that can be
used as reference points for assessing future projects.

1.1. Thermal energy background

In Chile, delivering heat and electricity to households and
industry has involved the burning of fossil fuels, and subsequently,
the emissions of greenhouse gases (GHG) that are a great concern
worldwide. By joining in 2010 the Organisation for Economic
Cooperation and Development (OECD), Chile made a commitment
to mitigate climate change by incorporating goals to reduce
greenhouse gas emissions (GHGs) [1]. The country started doing
that in 2008 by establishing Law 20.257 (known as 20/20) [2] that
introduced amendments to the general electric services on gen-
erating electrical power from nonconventional renewable energy
sources where power generators must introduce a quota of NCRE-
generated electric power. Therein, solar technology preponderated
as a source of energy for the electrical- and thermal- supply. In
2009, law 20365 established a franchise tax for thermal-solar
systems, promoting the installation of solar thermal collectors for
heating water in buildings (i.e., low-temperature solar-thermal
systems) [3]. Solar water heating has been the most popular solar
system in Chile, greatly reducing peak electrical-load [4]. Due to
familiarity with the technology, large-scale solar heat for industrial
processes (SHIP) plants are considered for the northern regions of
Chile where the solar resources are the greatest. In the Atacama
Desert (Northern Chile) there is a remarkable annual global irra-
diation (GHI) of 3300 kW h/m2 on latitude tilt surfaces, almost
4000 kW h/m2 on one-axis tracking planes, and annual direct
normal irradiation (DNI) of 3000 kW h/m2 on two-axis tracking.
One-axis tracking systems receive 3000 h of sun per year, resulting
to capacity factors up to 34% [5].

1.2. Background on electricity demand

Chile faces huge challenges in developing its energy planning
policy to assure the sustainability required to meet increasingly

higher annual consumption by industrial companies [6,7]; pre-
sently, its electric matrix is vulnerable to fluctuations in energy
supply. Chile [8] is highly dependent on imported fossil fuels,
whose high prices have increased the marginal costs of power
generation and, consequentially, the price of electricity.

The price of energy is a key cost driver within industrial pro-
duction. For this reason, companies focus on systematically opti-
mizing energy efficiency in their production processes, so to
increase the country's industrial competitiveness.

According to the International Energy Agency (IEA), electricity
tariffs paid by the Chilean industry and households (Fig. 1a and b)
are higher, during recent years, than the average OECD tariffs [9].
Electricity prices increases have in general followed oil increases;
in the late 90s, the world average oil price stood at nominal levels
of around US$10 a barrel, whereas in 2012, that price was over
$100 a barrel [10], and this raised the cost of producing electricity
to both industry and households (Fig. 1a and 1b). However, the
rate of electricity price increases has been higher in Chile than in
other OECD countries, as Chile is almost entirely dependent on
imported fossil fuels. This dependency was exacerbated by lower
rainfall and drought that reduced the share of hydropower in the
country, natural gas shortages (2004 onwards), earthquakes that
affected the output of the electric matrix, and high level of con-
centration in the electricity market of few generator actors [11].

OECD members, after the oil crisis of the 1970s, started to
reduce their consumption and explore new resources, while they
also embarked in a long term effort to decouple economic growth
from the expansion of energy demand [12,13]; they achieved this
by using energy more efficiently, aided by the development of new
technologies and equipment, by diversifying energy sources,
incorporating non-conventional renewable energy (NCRE), and by
orienting a restructuring of the economy towards services. Simi-
larly, after the financial crisis of 2007–2008, Chile decreased its
consumption of fossil fuels and introduced more hydropower, thus
lowering the rate of rise in electricity prices, but the period of
drought in 2010–2012 lowered the production of hydroelectric
power from South Chile. However, Chile's gross domestic product
is greatly dependent on the revenues of the metals and minerals
industries which require high amounts of energy, thus, making
decoupling of economic growth from energy demand growth
more problematic than in other OECD countries.

The current study considers two scenarios for predicting future
prices [10]. Over the short term, the prediction will depend on the
changes in international market fuel prices and the evolution of
hydrological scenarios that may affect the hydropower potential;
in the long term, price evolution will depend on diversified tech-
nologies e.g., non-conventional renewable energy (NCRE) into the
energy mix, and its reliability in satisfying the growth of the
country’s electricity requirements.

1.2.1. NCRE policy integration into energy matrix
Chile is privileged in having conditions geared to the potential

of non-conventional renewable energy (NCRE); the State has
prioritized the diversification and sustainability of energy matrix
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