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Synopsis:

Concentrating Solar Power is a renew-
able energy technology with interesting
prospects in countries with high levels of
solar radiation in a context where conven-
tional fossil fuel electricity generation has
to be replaced by carbon neutral technolo-
gies to fight against climate change. Peru
is one of those countries receiving a large
annual radiation, however the electricity
sector is dominated by natural gas and hy-
dropower. Therefore, the introduction of
the technology is evaluated, establishing
the following research question:

Is Concentrated Solar Power with thermal
storage a techno-economically feasible op-
tion for Peru?

To answer the question, a comprehensive
study of the potential of technology in
Peru has been carried out, including a
geographic analysis with GIS software to
identify the most favourable locations; and
economic optimization of a 50 MW solar
tower molten salt CSP plant. The results
suggest a promising future for the tech-
nology in the country with a competitive
LCOE compared with the dominating solu-
tions. The report aims to establish a point
of departure to attract greater attention
to CSP technology from institutions and
companies in Peru .
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Reading guide

For referencing literature and sources the Harvard method is followed. It consists
on an alphabetical list of items the end of the report. The references are written as
[Author, Year], with Author as the surname of the writer or the complete name if it
deals with an institution.
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Figures and tables are numbered according to the chapter where they are embedded,
a dot and the correlative number of the item inside the chapter. For figures in the
second chapter, it would start by 2.1, and then 2.2, 2.3... An explanatory text is
placed under all figures and tables. Figures and tables without references are created
by the author.

The report uses the International System of Units (SI). The decimal numbers are
separated with commas (,), and miles in currency values are divided by a point (.).
Examples: 5,75% or 160.000 USD.

Currency values are expressed in United States dollars (USD = $) for reasons of
simplicity and to allow worldwide monetary comparisons. However, the official
currency in Peru is the Peruvian sol (PEN = S/). The following conversion rates
apply:

1 USD = 3,33 PEN = 0,88 EUR = 6,56 DKK
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Introduction

The global temperature of the Earth is alarmingly rising during the past decades,
jeopardizing biodiversity and human life, including the cities where we live and
economic activities. Following decades of controversy on the topic of whether
climate change is happening or not and whether it is caused by human action
or not, a general scienti ¢ consensus exists nowadays and only the dif culties of
the economy transition that has to be faced can explain the voices against climate
change. (Friends of the Earth, 2018) The last Assessment Report presented by the
Intergovernmental Panel for Climate Change (IPCC) in 2014 concludes that global
warming is unequivocal, with CO, concentrations unprecedented at least in the last
800 000 years and the human in uence is extremely likely, on the range 95%-100%.
(IPCC, 2013) Moreover, it states that the risks associated with climate change can
be reduced if the magnitude of warming is mitigated. As the path was showing an
increase of around £C by 2100, new policies had to be taken by the international
community. (IPCC, 2015)

With this purpose, the United Nations Framework Convention on Climate Change
(UFCCC) called the international leaders to reach an agreement at the COP21,
in 2015. The Paris Agreement includes the commitment to hold the increase in
the global average temperature below 2C, aiming to limit it to 1,5 °C. To achieve
the commitment, countries had to submit a so-called INDC (Intended Nationally
Determined Contribution), establishing goals for the reduction of GHG emissions
and deadlines. Funding for investment in developing countries was also approved.
(Adoption of the Paris Agreemer015)

Despite being a developing region, Latin America (LA) has been through a deep
transformation during the last two decades, growing faster than high-income coun-
tries. However, LAC still presents the highest ratio of inequality in income in the
world. (IRENA, 2016) The priorities in the energy sector are thus ful lling the rising
demand, energy security and adapting to the consequences of climate change. In
this context, economic growth drives the energy policy and INDC consider a growth
in CO, emissions, putting the efforts in the reduction compared with the case where
no action is taken.
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LA is rich in energy sources, both renewables and non-renewables. Fossil fuels
dominate the energy sector, yet hydropower is dominant in the electricity mix,
turning the electricity into the most renewable in the world. Wind, solar and other
renewable sources are, in opposite, far from large deployment, even though LAs
diverse geography presents a good potential of non-conventional RES. (IRENA,
2016)

Chapter 1  Introduction



Problem analysis

The intention of this chapter is presenting the problem to be analyzed within the
thesis. The information presented ows from the general problematic of global
warming in Peru to the description of the speci c problem. At last, the research
guestion is formulated with the related delimitations.

2.1 Peru and the energy sector

Peru is a state of Latin America, a region with abundant potential for renewable
energy sources but also region with the highest share of conventional sources in the
energy mix.

The capital and biggest city of Peru is
Lima, and the country is divided in 24
administrative regions (named departa-
mentos see Figure 2.1). Peru has a wide
geographical variety, which can be di-
vided in three areas: coast orcosta(to
the East in the Pacic, orange in the
map), highlands or sierrain the Andes
range (brown in the map) and rainforest
or selvg the Western region also denom-
inated Amazonia (green in the map).
Due to the geography, Peru presents a
wide variety of climates.

Peru has a population of over 32 million

inhabitants in 2018. (United Nations,

2017) Its gross domestic product (GDP)

in 2017 was 211 billion USD. Peru's per

capita PPP GDP is 13,434 USD, beingFig. 2.1.: Regions of Peru (Flickr, 2018)
ranked as upper middle income with the

neighbouring countries Colombia, Brazil

and Ecuador; and behind the regional leader and also neighbour country Chile. (The
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World Bank, 2018a) The economy in Peru is stable and with a continuous growth,
one of the highest in LAC. The GDP has increased at an average of 6,1% yearly,
over the average in LA. (The World Bank, 2018b) Peruvian economy relies heavily
on the exports of commaodities, i.e. natural gas and sh. Among them, the mining
sector is critical for the economy, as it makes the 10% of GDP (El Peruano, 2018),
providing 67% of exports, therefore it attracts an important part of the foreign direct
investment (OEC, 2018). Peru is the world's second producer of silver, copper and
zinc, fourth of lead, mercury and molybdenum and sixth of gold and tin (MINEM,
2018). The mining sector has an important in uence in the energy mix, as it is
an important driver for the construction of generation projects and consumes an
important share of fossil fuels.

Considering the whole energy sector, Peru has a large share of 79% of non-renewable
sources in its energy mix, meanwhile renewable sources account for only 21% of
the mix, mainly for its important hydropower structure (2 Mtoe). (IEA, 2018) Fossil
fuels dominate the transportation sector, with the highest consumption by sector
in the country. For heating, biomass is used and in rural areas, kerosene and coal
is used at households, with important risks for human health and air. On a rst
approach, the project will focus on the electricity sector to identify the problem to
study.

2.1.1 Electricity in Peru

The national electricity grid is called SEIN (Sistema Eléctrico Interconectado Na-
cional) and the TSO is denominated COES (Comité de Operacién Econdmica del
Sistema Interconectado Nacional), a private entity without economic interest repre-
senting generators, transmitters, distributors and users. (COES, 2018) An updated
map of the grid is shown in the Appendix A.1. SEIN, unfortunately, does not cover
the whole population and even though important efforts were made by the govern-
ment during the last decade, 5% of the population still does not have electricity
access, due to geographical remoteness. (The World Bank, 2018a)

Hydropower is the base for electricity generation in Peru. However, since 2004, the
natural gas share has increased in the country, covering the demand growth for the
following years. Currently, with 47% and 46% share in the electricity mix, these
two sources dominate the market. Other types of renewables like solar or wind
(denominated unconventional renewables) have a very small share in the mix with
wind power generating 1063 GWh and photovoltaics even less, 241 GWh in 2016.
The evolution of the electricity mix is showed in the Figure 2.2:

Chapter 2 Problem analysis



Fig. 2.2.: Electricity generation by fuel in Peru
(IEA, 2018)

Peru is a country with a great potential for hydropower. Water ows from the
high Andes to the wide rainforest of Amazonas, producing large ows which have
been traditionally exploited for the generation of electricity. Peru had 4190 MW of
installed hydropower capacity in 2016. (World Energy Council, 2018) The largest
hydropower plant in Peru is Mantaro facility with 900 MW, proving one-third of the
total electricity supply.

Natural gas in Peru had a sharp growth since beginning of the extraction in the

Camisea Gas Field in 2004. Since 2007, new thermal power plans have been installed
in the nearby area of Chilca to use up the extracted gas. This eld is located in the

Urubamba river basin, with gas reserves of up to 373 Mtoe. (World Energy Council,

2018)

2.1.2 Goals and policy

As a signatory country of the Paris Agreement, Peru submitted its INDC in 2016. The
country committed to a 20% decrease of its CQ emissions compared to the business
as usual scenario, and further to 30% in case of external funding by the year 2030.
(Republic of Peru, 2015). The Business as Usual estimation given in the report is
presented in the Table 2.1:

Emissions (MtCO,eq) Emissions (MtCO ,eq)
including LULUCF excluding LULUCF

2010 (base) 170,6 78,0
2030 (Bauv) 298,3 139,3
2030 (INDC) 208,9 97,5

Tab. 2.1.: GHG emissions of Peru, (IEA, 2018)

2.1 Peru and the energy sector



Which means that Peru commits to reduce by 30% its total level of emissions
accounting for 298,3 MtCO.eq resulting in a maximum of 208,8 MtCO,eqin the
year 2030, which means increasing the reference emissions in 2010 by only 22,4%;
allowing economical development of the country while adhering to the ght against
global warming.

Peru's legislation for renewable energy started in 2008 with the legislative decree
n°1002 for the promotion of investment in RES. The regulation opened a period
of auctions for renewable capacity, including wind, solar power and small hydro.
This paper also establish an obligation of 5% generation of electricity with non-
conventional RES (discarding hydropower) and this index should be reassessed
every year. (Government of Peru, 2008) A small index of 5% and the development
of infrastructure to exploit the natural gas of Camisea have driven to the electricity
sector to a path where it is dominated by fossil fuels and RES are not competitive.
The government presents the natural gas as a clean and local source of energy,
without considering its CO, emissions linked to its fossil fuel nature and the long-
term depletion of the gas. Important reforms are needed to change the path, and
after more than 7 years, the index of 5% RES should be increased. The new share
will be 15% by 2030, as the government stated. (Singh, 2018)

2.2 Solar energy: an unused potential

Peru is one of the countries with the largest potential for RES. The country has
important potential for wind energy, geothermal, wave energy and biomass. (Energy
Monitor Worldwide, 2018b) However, in this project only solar energy technologies
will be discussed. Peru has an expected high potential for solar energy, due to
its location near the Tropic of Capricorn. Currently, two technologies based on
solar energy can generate electricity: using solar radiation to produce electricity
(photovoltaics), or using the thermal effect of the radiation to heat water in a power
cycle (CSP).

Fig. 2.3.: Photovoltaics vs CSP technologies
(InvestChile, 2017) (Scribbler, 2017)

Chapter 2 Problem analysis



Photovoltaics

In the photovoltaic technology, or PV; the electricity is produced by light absorption
in semiconductor material forming PV modules. The systems using the technology
are usually at panels which can be placed on rooftops or gathered in large surfaces
forming a solar plant. (Delft University, 2018)

PV technology can harvest a large range of the solar spectrum, therefore its potential
is strongly related to the Global Horizontal Irradiation (GHI). A map with the Global
Horizontal Irradiation (GHI) in a year in Peru is showed in the Appendix A.2. In
some parts of the country the GHI reaches above 2500 kwWh/n3, and over 2000
kWh per kWp installed per year. To compare the results, the highest GHI in Spain is
below 1900 kWh/m 2. The cost of the technology has falling dramatically over the
last decade. From being one of the most expensive technologies, it can now compete
with fossil fuels even without the help of subsidies. The average investment costs
fell from 4394 USD/KW installed in 2010 to 1388 USD/KW in 2017. Currently, Peru
has only 7 photovoltaic plants, most of them in the southern regions of Arequipa
and Moquegua. (Delta Volt, 2018) In 2013, PV plants generated around 200 GWh
of electricity, a gure which remained steady till 2018 when Rubi 145 MWp plant
was opened, with a generation forecast of 415 GWh per year. (Energy Monitor
Worldwide, 2018a) This plant was awarded with a price of 48 USD/MWh, the lowest
for solar energy and close to the values awarded for wind and hydropower. The
awarded value also represents one of the best prices for PV worldwide (IRENA,
2018).

The main disadvantage is the seasonality of the source, which is not available during
the night and varies signi cantly depending on the weather. Therefore, it cannot
ful Il the required conditions for rm power delivery, which means having a reserve
whenever is needed in the grid. As a consequence of this, PV cannot participate in
the wholesale electricity market, and it is only penetrating through tenders offered
every two years and with limited capacity. Due to this restriction, CSP technology
should be considered as it has the potential to overcome this barrier.

Concentrating Solar Power (CSP)

In CSP technology, electricity is generated by concentrating the sunlight in a small
surface using mirrors, through different con gurations: parabolic through, solar

tower, Fresnel or stirling dish. Given that the technology uses re ection to concen-
trate solar energy, only beam (or direct) irradiation can be harvested. Thus, large
amounts of thermal energy in the collector serve to heat water for use in a steam

2.2 Solar energy: an unused potential
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