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PRESENTATION

This article is part of the research to obtain the title of Master in Renewable Energy
with support of the division of postgraduate in Mechanical Engineering by the

Taubate University, Brazil. The case study is the most interesting technology for

generating high solar power capacity in Brazil if using solar concentrators.
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CONCENTRATED SOLAR POWER PLANT PROPOSAL FOR BRAZIL- CSP

Abstract. This article seeks the research exercise of technologies of electric power generation by
solar concentration (CSP) in the world, intending to choose the one that is most applicable to
construction in Brazil. Currently, several energy sources are presented in the Brazilian energy
matrix, this research also aims to verify and identify the extent of renewable energies to the national
reality. Through these studies, it will be possible to conclude the viability of CSP technologies to
Brazil.

Keywords: Renewable Energy, Heliothermic Energy, Solar Tower, Solar Field, CSP, Solar Energy,

Concentrated Solar Power.

1. INTRODUCTION

Hydroelectric power has always been the huge importance for energy generation in Brazil,

but large investments are needed with major environmental problems due to the huge flooded areas.
Hydroelectric power plants also excel in gigantism and require high volumes of available water.
Each year these water volumes are more and scarcer due to the use of the resource by the growing
Brazilian population and the droughts that can provoke crises of electricity supply.
Currently in Brazil 62% of the installed capacity is generated by the hydroelectric power plants, a
source that is expected to be fully utilized in the medium term according to the strategic analysis of
the Brazilian government described by the Energy Research Company (EPE). In addition, the
growth of the Brazilian economy demands an increase in the consumption of electric energy in
several sectors. Electrical energy demand studies for the EPE for five-year horizon show that in the
period from 2015 to 2020 the annual consumption of electricity will grow by around 4.0%, which
may accentuate the problem of lack of energy in the medium term.

As a solution to these scenarios, there is a need to diversify the Brazilian energy matrix with
new clean generation technologies of low cost and quick application. A probable way is to use the
production of electric energy by means of solar because Brazil has its great territorial extension,
abundance of solar radiation and lands at low cost.

There is a need to break the paradigm of innovative solar generation in Brazil and apply the
best available technologies to increase the production of electric energy, as already done in wind
and photovoltaic generation. This article intends to study the viability of the technologies of
electricity generation by means of solar concentration, Concentrated Solar Power (CSP), innovative
and applicable for interesting one for the Brazilian reality.

There is an unprecedented use of CSP energy in Brazil as well as in the world, which is a

strong indication of the need to deepen knowledge through research. As in this decade, Brazil
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experienced a crisis in the generation capacity of electric power the research of new technologies
for solar energy generation may be a short-term solution for the increase on expected consumption.
As this article intends to be based on bibliographical references, a research is adequate

within the expected periods since the author intends to specialize in renewable energies.

1.1 Objectives

1.1.1. General objective
This is an article to study through bibliographical and documentary references the new
technologies for Brazil to generate energy through concentrated solar energy (CSP) to improve the

diversification of the Brazilian energy matrix.

1.1.2. Specific objectives

To obtain the general objective will be researched the Brazilian energy matrix and the
generation capacity per technologies. Confirm what are the renewable energy operating in Brazil
and installed power of each. Research the installing costs of each technology in Brazil. Verify
which as CSP generation technologies available in the world, their capacities and efficiencies as
power generating plants. Research the cost of implementing CSP reference plants. Check which
CSP technology is most applicable to Brazil. Research which and how many power plants in the
world for the chosen CSP technology. Describe the chosen CSP technology and, finally, the results

and conclusions of this Technical Reports.

1.1.3. Search Object
This article proposes research of new types of CSP solar power plants to improve the lack of

electric energy saturation of Brazilian water potential.

1.1.4. Delimitation
This research delineates only CSPs technologies, other renewable solar technologies have
not been researched. It also provide costs like implementing renewable energy in Brazil to compare

of existing CSP generation technologies in the world. Final costs to Consumer were not raised.

1.1.5. Search Limitations
This article is a database and surveys, magazines, trade magazines, documents that tell you

about the technologies available in the world.
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1.2 Hypotheses

Energy generation via CSP has a great possibility of being implemented in Brazil as well as
a wind generation already and photovoltaic. As well as thermoelectric power plants, the CSPs have
possibility of being used in complementary generation the Brazilian hydroelectric plants,
diversifying the Brazilian electric power generation matrix.

In Brazil, there are no CSP plants generating electricity. The CSPs available in the world,
which seems to be more appropriate, is a solar tower with heliostat field for large electric power

generation. It intends to prove that the CSP plants are viable for energy generation in Brazil.

1.8 Justification

The generation of solar energy via solar tower and CSP may replace the construction of new
thermoelectric plants in Brazil with lower implementation and operational costs with an advantage
of being a renewable energy source. The Brazilian energy matrix will become more diversified and
with the possibility of increasing the share of renewable energy. It has a possibility of using
unproductive areas of the north eastern semiarid region with land at low cost and possibility of

social improvement in the areas where the generation will be produced.

1.9 Structure of Work

A structure of this article is detailed to facilitate the reader's understanding and according to
ABNT Brazilian Standards being organized in Abstract, Introduction (Cap.1), Bibliographic
References (Cap.2), Development (Cap.3) , Results (Chap. 4) and Conclusions and Discussions
(Chap. 5).

2. THEORETICAL BACKGROUND

2.1. Electricity Generation in Brazil

Nowadays in the world society, the use of electric energy is relevant. It is no different in
Brazil where the Brazilian energy matrix is formed by five different sources where hydraulic
generation is predominant (TOLMASQUIM, 2016). The Brazilian Government's Energy Research
Company (EPE) presents the technologies involved in the generation of electricity and respective
installed capacity in 2015. It is possible to note the participation of the renewable technologies in
addition to Biomass (BIO), small hydropower (PCH), Wind (EOL) and Solar (SOL) has installed
capacity with 16% (TOLMASQUIM, 2016).
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Import Total Intalled Capacity
7000 MW - 5% 132878 MW

Bio+PCH+EOL+SOL
21480 MW - 16%

Nuclear
1990 NW -2%

Thermal
19619 MW - 15%

Hydraulics
82789 MW - 62%

Figure-1 Brazilian Energy Matrix (EPE, 2016 - customization by author)

2.1.1. Renewable Power Generation in Brazil

Today in Brazil we have as main renewable and innovative sources for generation via power
plant the commercial technologies that are the PCH (Small Hydroelectric), Biomass, Wind and
Photovoltaic and in development: Heliotermic and Oceanic (TOLMASQUIM, 2016). For these
renewable sources, the National Electricity Agency (ANEEL) indicates that Brazil has 4,660
undergoing operations, totalling 152159030 KW of installed capacity (ANEEL, 2017). Table 1

presents the plants in operation and construction in Brazil.

Table-1: Renewable energy Enterprises in Brazil in 2017 (ANEEL 2017 - Adaptation of the author)

In Operation In Construction

TypeP(;zf“ll’tower Quantity IZEV\;?; % Quantity lzl(:v‘;f)r %
Hydropower 609 534999 0.35 3 4048 0.04
Wind 425 10405242 6.84 161 3748700 | 32.84
Small Hydropowert 436 4978243 3.27 29 374791 3.28
Photovoltaic Solar 44 23761 0.02 37 1063400 9.32
Hydroelectric 219 93216340 | 61.27 6 1922100 | 16.84
Thermoelectric 2924 40984495 | 26.94 31 2950506 | 25.85
Thermonuclear 2 1990000 1.31 1 1350000 | 11.83
Total 4659 | 152133080 100 268 | 11413545 100
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The costs of renewable and innovative energies in Brazil can be observed in Figure-2, based

on the Brazilian Renewable Energies magazine (MARIANA SALES RANGEL, 2016).

RS 350,000,000.00
RS 300,000,000.00
RS 250,000,000.00
RS 200,000,000.00
RS 150,000,000.00
RS 100,000,000.00

RS 50,000,000.00

RS-

Total Investment

0 5000 10000 15000 20000 25000 30000
Power kW

s PCH (15M) s PCH (100m) s PCH (200m)

Wind === Photovoltaic == Biomass

Figure-2: Cost of Capital (Installation) of Renewable Energies in Brazil (Brazilian Magazine of

Renewable Energy)

2.2. Solar Power Generation Capacity CSP in the World
The countries that developed technology for heliothermic sources CSP are Spain, USA,
South Africa and India (CARDOSO, 2016). Given that, the installed generation capacity in the

world can be observed in Figure-3. In Brazil, there are no CSP commercial power generation plants
(REN21, 2016).
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Figure-3: Installed Global Capacity CSP ( Report REN 21, 2016)
* Mena (Middle East and North Africa)
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2.3. Types of CSP Solar Power Plants Technologies in the World

The Figure-4 presents the main technologies applied for concenters solar power plants

commercially used in the world:

Power Plant Parabolic trough (a)

Power Block + Solar Receptor

Solar Receptor

Symthatic O

Absorber

Solar Reld
Fiping

Power Plant Fresnel

(b)

Power Block + Solar Receptor

Solar Receptor

Linear Fresnel reflector (IFR)

Curved
mirrors

H\A

Absorber tube
and reconcentrator

Power Block + Solar Receptor

Power Plant Solar Tow

er (c)

Solar Receptor

.
/'A ‘ﬁ

/(.J Heliostats

Power Plant Solar Dlsh (d)

Central Receiver

Power Block + Solar Receptor

Solar Receptor

Receiver / Engine

.,
we Reflector

Dish/Engine

Figure-4: CSP Power Plant Schemes Source: (a): (BOUKELIA T,E, 2013), (b): ( SILVESTRE
2016), (c): (US Department of Energy), (d) : (STANFORD UNIVERSITY, 2017) - Adapted by the
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author

In the world, power plants use concentrators in the generation block. They are type:
Parabolic Trough, Fresnel, Parabolic with Sterling engine and Central Tower (MARANHAO,
2015). These technologies are called Concentrated Solar Power (CSP) (G. O. PRADO, 2014). In
Figure-4 the scheme of these technologies are shown less than the parabolic concentrate that has

direct power generation without a power plant.

2.4. Comparison of CSP Plants in the World

Table-2 presents comparisons between the main CSP technologies in the world with their
main technical characteristics in summary form (SILVESTRE, 2016), as well as implementation
costs and quantity of power plants (NREL, 2016).

Table -2: Comparison of CSP Plants in the World (SILVESTRE 2016) - Adapted by the author (*):
(NERL,2017) - Adapted by the author

Parabolic trough Linear Fresnel Solar Tower - Heliostats Disc Parabolic
Tube Concentrator Tube Concentrator Concentrator - Receptor | Sterling Engine - Receptor

Solar
Concentration

Typical Capacity 100-300 MW 10-200 MW 10-200 MW 0,01-0,025 MW
Receptor Mobile Mobile Fixed Mobile
T“:’:;:::;‘:;{ 350-450 °C 390 °C 250-565 °C 550-750 °C
Eficiency 14-20 % 18% 25-35% 30%

Water Comsuption Yes Yes Yes No
Cycle of Power block | Rankine Sp/ Bryton Rankine St Rankine Sp Stirling/ Bryton
Heat Stock Medium High Medium High Not Applicable
Terrain Declivity <1-2% <4% <2-4% 10% +
Cost of
implementation 5,714 3,222 5,836 -

USD Million / MW *
Ivanpah Solar (EUA)

IR I Mojave Solar (EUA) Kogan Creek (AU) Elestels Cisgetatin Maricopa Solar (EUA)
Project - 2015 Solar Boost -2016 R g Project -2011
System -2014
Number of power 96 15 32 2

plants *

2.5. Choose of Location
For the installation of a CSP-type solar power plant, it is necessary to analyze the highest

average isolations in Brazil to obtain the best process efficiency, due to the higher amount of solar
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radiation absorbed at the ground level (CARVALHO, 2016). Through the radiation presented in the
Solarimetrico Atlas of Brazil in Figure-5, it is possible to verify the annual average insolation for
country (OLIVEIRA, 2016). The highlight the semi-arid Northeast with 982,563.3 km? according to
the Brazilian Institute of Geography and Statics (IBGE, 2016) with insolation of 20 MJ / m? (5.7
kWh) (MARANHAO, 2015).

I ATLAS SOLARIMETRICO DO BRASIL
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Figure-5: Brazilian Solarimetric Atlas (CEPEL,2016)

2.6. Choice of Technology for Generation of Solar Electric Energy CSP in Brazil

Generation by Solar Tower is the most promising according to Maranhdo (2015) conclusion:
"High temperature thermal energy storage represents the biggest advantage of solar tower systems
when compared to other existing solar concentration technologies because it increases the capacity
factor and allows a flexible generation strategy to maximize the value of the electricity generated, as
well as to achieve higher levels of efficiency. High temperatures can allow greater steam cycle
efficiency and reduce water consumption for condenser cooling. They also allow for greater
temperature differences in the storage system, reducing costs or allowing more storage at the same
cost. These systems are also the best option for locations with rough terrain, since heliostats can be
arranged individually. (MARANHAO, 2015)

In addition, it is possible to generate power at night by up to 8 hours up due to the possibility
of heat storage of heat transfer fluids in tanks (SCIENTIC AMERICAN MAGAZINE, 2016). With
the combined heat cycle with heat storage is possible for up to 15 hours without the need for solar

radiation (IRENA, 2016).
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2.7. Survey of CSP solar power plants in the world

Currently in the world today, there are 14 Power Plants with Solar Tower generating commercially
614 MW as published by the North American Department of Energy (NREL, 2017). In Table-3, the
summary is presented with the five main operational and under construction generators in the world

and their capacities. (NREL, 2017).

Table 3: CSP - Five major Solar Tower power plants in the world. ( NREL-U.S Departament of
Energy, 2017) - Adapted by the author

Index Cal{)/[a‘;ity Power Plant Contry Location ng;::;:ligl?f
Five major CSP operational power plants with Solar Tower
L an heehleBerctamin g, Smiemie g
2w CegDmesiwinm g, N
3 50 Khi Solar One ?jréﬁ Upington 2016
4 20 Plan&‘, S%‘;r 20 Espaniha Seville 2009
s g Cemellemeshitnl g, Rl
Five major power plants under construction CSP with Solar Tower
1 260 Copiapd Chile Copiapd 2019
2 200 Golmud China ( Qin;}ziﬁ‘;ﬂince) 2018
3 135 Huarllz)ggz}Q"li"E%Vheiﬂégllingha China (Provin](?ieahélég I(l)ainghai ) 2017
4 134 NOOR III Marroco Ouarzazate 2017
5 121 AshalimPlot B (Megalim) Israel Ashalim 2017

(Deserto de Negev)

2.8. Simplified Operation of CSP Power Plant with Central Tower

The main systems for electric power generation in the solar tower are the Heliostats. As
Figures-5 and 6 presents a one side the support structure and other side reflective film. They fulfill
the function of reflecting the solar radiation for absorption by the central Receiver in the Solar

Tower. (SILVESTRE, 2016).
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Figure-5: Heliostat structure (ESTAQUIO,2014) Figure-6: Heliostat Mirror (PSA ,2017)

This equipment forms the Field of Heliostats as presented on Figure-7and 8, responsible for
reflecting the maximum possible radiation to the Solar Receiver through an automated form (Solar
Tracker ) following the solar position is during all the duration the day or for each time of the year,

equinox to solar solstice (ESTAQUIO, 2016).

HECEFTOR CENTHAL
HELIDSTATOS
LT AR AR A A AT ‘,_7
e R o
Figure-7 : Heliostats Field Figure-8: Solar Tower Receptor Scheme
(ABENGOA PS20,2017 — Divulgation) (US Department of Energy,2017)

After the capture of the radiation by the Central Receiver of the plant, the heat exchangers
coupled transformed the heat of irradiation in thermal conduction and convection transferring it to
cold saline fluid and increasing its temperature. (CARVALHO, 2016). These are hot are transferred
to a thermally insulated stock tank where provision for electric power generation (AMERICAN
SCIENTIFIC REVIEW, 2016). This is the basic solar heating cycle of the plant, it is worth noting
that it is given to the salt stock and it is possible to generate electric energy or the presence of solar
radiation (IRENA, 2012). Figure-8 shows the basic scheme of how this process happens in the
plant.

This process is also very similar to a conventional thermoelectric power generation, where a
heat exchange receives energy from the heated molten salt of the generation block releasing heated
steam for power block flowing water vapor to a steam turbine and electric generator (SILVESTRE,

2016). This generator will supply electricity to the distribution network and to final consumers

Eng Res, v. 8, n. 4, p. 1-19, July / 2017. doi.org/10.32426 / engresv8n4-001 13



(MARANHAO, 2014)

Steam condenser

Feedwater g E j

Reheater

Electricity
/ Receiver

Turbine

Steam drum

e

Heliostats

Figure-9: Solar Tower Power Plant Scheme (US Department of Energy, 2017)

As state-of-the-art for high-capacity Solar electric generation is is the largest CSP Solar
Tower in the World in California Desert, the Ivanpah Solar Electric Generating System, with
177,000 15m? mirrors (ASME Magazine, 2013 ) and generation of 377 MWh (NREL, 2017),
through three towers of generation of 129 m of height, installed in an area of 2,600,000 m? and with

capacity to supply 140 thousand American residences (Exame Magazine, 2013). In order to have a

comparison the thermoelectric unit (UTE) of the city of Manaus generates 136 MWh and that of
Piratininga in Sao Paulo 190 MWh (Petrobras, 2017).

Figure-10: Ivanpah Solar Electric Generating System — (DAILYTECH MAGAZINE, 2017)
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3. Development

3.1. Research Methodology

This research is of a basic nature because it describes processes that contribute to increase
knowledge about the subject of the article, with a qualitative approach, since the way of approach
and questioning has sensed to stimulate the reader to interpret the concepts, phenomena presented in

the real world. The objective of this research is exploratory. (CERVO, 2016)

3.2. Research method

The research method was developed to deepen the knowledge trought theses, monographs,
articles, governmental information atlas or official information were collected, based on the
literature available and referenced in the article, thus consolidating results and conclusions. With the
bibliographical reference, the available references was researched less than 5 years of publication

and old publications up to 10 years only if necessary.

4. Results

For the generation of electric power by solar renewable source of high capacity generation
the most viable technology to Brazil is CSP by Solar Tower. This power plant should preferably,
be installed in the northeastern semi-arid region where the highest irradiations of 20 MJ / m? are
found, but it is also feasible in regions ranging from Northeast to Southeast Brazil, above 12 MJ /

m2

The average generation capacity of 250 MW can reach close to 400 MW, partially replacing
the traditional 200 MW thermal power plants with the advantage of renewable energy technology.
This energy can still be transmitted to the whole country due to the current distribution network

interconnection.

CSP Renewable Energies are expected to grow from 6 GW in 2017 to 10 GW in 2020 due to
new global investments, highlighting Chile and China with new Solar Tower Plants. Due to the CSP
technologies, being recent and no such plant is operational in Brazil, this article has a limitation on

the number of monographs and articles presented of Brazilian origin.

5. Conclusion

It is possible to note that the Brazilian energy matrix is diversified, but renewable and
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innovative energies correspond to only 15% of the installed electric generation capacity, as opposed
to 64% of the installed generation that is hydro origin of the large hydropower plants. It is a fact that
the Brazilian hydraulic resource is tending to stagnation due to the population increase, the number
of hydroelectric plants already installed in rivers and the water regime, where periods of drought in
the whole territory can make the generation compromised.

Innovative renewable energies can be a solution of this scenario with possibility of
technological maturity in a short time. In Brazil in 2017 we highlight the operation of Wind Power
with 425 wind farms in operation generating 10.4 GW (6.84%), with a strong growth in the share of
the energy matrix and Photovoltaic with 44 plants generating 23.7 MW (0, 02%) and the Small
Hydroelectric Power Plants (PCH) with 436 plants and 4 GW (3.27%). As a comparison, the high-
capacity thermoelectric plants generate 40.9 GW (26.84%), that is, Brazil favors the thermoelectric
plants for the generation of additional hydroelectric plants.

Researching the implementation costs of the power plants was obtained that Wind Energy
2000 RS / KW generated and Photovoltaic 13000 R$ / KW, denoting good scale of Wind Energy
production in Brazil. Comparing to the typical thermoelectric plant, the cost is R$ 1666 / KW. In
other words, the thermoelectric plant has the lowest implementation cost. It is worth noting that
operating and selling costs to the consumer were not raised.

There are 04 types of technologies for the generation of renewable electric energy in the
world by solar concentration or "CSP". Its technologies are defined by the generation blocks of
energy that are of the type are Parabolic Trough, Fresnel, Solar Tower and Parabolic Disc. The two
technologies applicable to Brazil for the generation of electric energy are those of Solar Tower and
Parabolic Trought according to Table-2 research due to their favorable characteristics presented.
Both are able to make high capacity generation up to around 300 MW or more, even without the
incidence of solar radiation, continue to operate due to the existence of tanks for heat stock, that is,
generate electricity at night. In addition, both have good amount of plants in operation or under
construction in the world being 96 for gutter, technology in commercial operation older and 32
(since 1997) for solar tower newer technology (since 2007) demonstrating solidity of generation
comparing with the other two CSPs. Still, both have opportunities to improve efficiency, especially
Solar Tower Power Plants and Parabolic Concentrator technologies. Fresnel and Parabolic
Concentrator with Sterling engine technologies do not have these characteristics adequately and
therefore are not applicable.

Analyzing the generation by Solar Tower also has a number of advantages in relation to the
Parabolic Trough, such as higher operating temperature (565 ° C versus 450 ° C), high heat storage
in the tanks, possibility of operation in more rugged terrains , a similar cost of implementation (R $

5836 / KW versus R $ 5,714 / KW) and mainly the plant's efficiency (35% vs. 20%).
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The implementation costs for CSP Solar Tower Power Plants are high according to North
American values for Brazilian reality, compared to wind and thermoelectric technologies, but lower
operating and consumer costs are expected. In the world, energy deployment costs tend to decline
significantly by 2020. Nor is it certain that US costs are compatible with Brazilians, which are

substantially lower.

It is worth remembering that the Solar Tower can generate electricity at night (up to 8h),
which the Photovoltaic Power Plants do not perform. Wind power plants only generate about 40%
of their useful time and the Solar Tower can generate up to 20 hours with heat stock and with mixed
cycle with Natural Gas it reaches 24 hours. So the economy by scale is more applicable to the Solar

Tower than Wind and Photovoltaic for cost reduction.

Therefore, the Solar Tower CSP Technology is better suited to Brazil and can be used in a
renewable way in low-cost unproductive lands in the semi-arid northeast region of maximum

vertical solar radiation.

5.1. Recommendation of future studies
The appropriate survey of operating costs and consumer energy prices of the Solar Tower Plant
applied to the Brazilian reality. It is also imperative to lift losses Solar Tower Plant, with solutions

for improvement with the purpose of reducing the costs of implementation and operation.
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