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ARTICLE INFO ABSTRACT

This paper debates the main reasons why Chinese and Brazilian energy policies have not focused on
Concentrating Solar Power (CSP) deployment until now. Like most emerging economies, China and Brazil
have registered large increases in energy demand, as well as considerable growth of energy-related greenhouse
gas (GHG) emissions. On the other hand, both countries have played an important role on the expansion of
renewable energy infrastructure and — considering that large portions of their territories present high levels of
“Direct Normal Irradiation” (DNI) — CSP technologies might have figured as an important strategy for the
mitigation of atmosphere pollution and global warming. Since large scale deployment of CSP technologies still
implies high “Levelized Costs Of Electricity” (LCOE) that could affect the competitiveness of national industry in
global markets, we argue that a comprehensive answer for this question must place national energy policies in
the context of a “world-system” analysis. CSP has not benefited from the international demand that has boosted
wind turbines and photovoltaic cells with their subsequent price reductions. Furthermore, we will discuss the
“elective affinities” between thermal solar investments and the development of those regions that present the
lowest performances in the Chinese and Brazilian socioeconomic realities.
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1. Introduction current 267-480 Mtoe in 2035, while the figures for the electricity

market indicate a 80% growth from 520 to 939 TWh in the same period

Global energy consumption data illustrates a geopolitical shift
towards a more decisive role of the Global South in international
affairs. According to its “New Policies Scenario”, the IEA states that
“the center of gravity of global energy demand moves decisively
towards emerging economies”, which are to be responsible for nothing
less than 90% of net energy demand growth to 2035 [1]. China and
India will continue to lead this trend, followed to a lesser extent by
Southeast Asia and the Middle East. In the Western hemisphere, it is
expected that Brazil will reinforce its position as energy producer due
to the recently discovered enormous oil sands reserves. In addition,
Brazilian internal energy consumption tends to increase from the

[2,3].

Consequently, emerging economies are also to respond for most of
the increase in energy-related CO2 emissions. China already ranks first
place in atmosphere pollution and will remain highly dependent on
coal and oil for the next decades, in spite of the large-scale efficiency
measures implemented since the 11th Five-Year Plan [4]. Even though
the Chinese government pledged to cap carbon emissions until 2030 in
accordance with the agreement sealed with the USA at the 2014 APEC
summit, one coal-fired power plant continues to be inaugurated every
ten days [5]. This fact imposes not only a burden upon the country's
public health [6], but makes it also hardly doubtful that international
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mitigation strategies will succeed in restraining global average tem-
perature increase within the 2 °C limit.

The Brazilian energy mix differs from the Chinese mainly because
the shares of renewable energy (RE) in its primary energy supply (43%)
and in the generation of electricity (74.6%) are considerably above the
world average [7]. However, the planned investments in the gas and oil
sector have raised concerns on a “regressive process of carbonization”
of the country's electricity supply. Such reversal is associated with the
fact that much of the remaining potential for hydropower generation is
located in the Amazon basin, and the political and ecological costs of
standing for controversial projects like Belo Monte, Jirau and Santo
Antdnio have led the government to assign natural gas as a strategic
resource. Such emphasis on the combination of hydropower and fossil
fuels establishes a “vicious circle” in view of current changes in climate
patterns: In the Brazilian case, global warming prospects indicate the
likely increase in the frequency of drought phenomena similar to the
observed in the Midwest and Southeast regions in 2013/2014 and, due
to the drop in the level of reservoirs, the decrease in hydroelectric
output is already being compensated by coal, oil and gas-fired power
plants [8,9].

Nevertheless, the current bases of Chinese and Brazilian energy
policies are characterized by a similar paradox: The counterpart of the
environment unfriendly axiom “development first” is a major contribu-
tion from both countries in what refers to RE deployment — not only in
their own territories, but also as key-players of the scaling-up process
of renewables worldwide. In 2014, China provided the RE sector with
US$ 83.3 billion, which represents an amount 117% higher than the
investments made by the USA. Brazilian participation was only a ratio
of the Chinese share, though at no means unimportant, for its US$ 7.6
billion input places the country among the ten major supporters of RE
deployment, and right after China when solely emerging economies are
considered [10].

Both Chinese and Brazilian public banks have been financing RE
industry with low interest rates in order to enable the accomplishment
of their respective goals on the expansion of alternative energy
technologies. China's State Council announced the purpose of meeting
20% of the country's energy needs by 2030 from non-fossil fuel. On the
Brazilian side, the US-Brazil Joint Statement on Climate Change
affirms that 28—-33% of its energy matrix (excluding hydropower) must
derive from renewables by 2030 [11,12]. In this sense, the interactions
between climate change mitigation goals and economic incentives for
the RE industry has contributed for the highlighted position of these
countries in the global value chain of alternative energy technologies.
One in two wind turbines deployed worldwide in 2010 were produced
in China, as well as 60% of the photovoltaic panels manufactured in the
following year. Brazil has also become an exporter of wind turbines,
supplying RE markets in the United States, Europe and Argentina [ 13—
15].

In the light of such facts, the question that this article approaches
focuses more specifically on the perspectives of Concentrating Solar
Power (CSP) technologies in the Chinese and Brazilian energy markets:
Why have these countries presented so meagre CSP deployment results
until now, especially when compared to the evolution registered by
them in other RE technology fields? Considering the escalation in
Chinese electricity demand and the environmental pressures associated
to it, a CSP roadmap that assigns merely 1 GW by 2015 and 3 GW until
2020 seems astonishingly modest.' This situation becomes even more
puzzling when one remarks that—differently from its usual perfor-
mance in the energy infrastructure sector, in which the targets are
either achieved or surpassed—China is very distant from reaching the
established goal for CSP expansion. The current operational capacity is

1 Our analysis refers to the time frame of the 12th FYP. The 13th FYP was published
when this article was being reviewed and we decided to write an appendix at the end with
some further considerations and updated data regarding the 13th FYP.
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limited to 2.18 MW, and even if all the projects under construction,
development or planned are added, the total figure is still restrained to
567.5 MW [16].

Except for some progress in Research and Development (R & D)
conducted by scientists associated to public universities and electricity
agencies, CSP evolvement in Brazil is almost inexistent. Cooperation
ties between the Ministry of Science, Technology and Innovation
(MCTI) and the German Society for International Cooperation (GIZ)
have provided Brazilian scientists and policy-makers with German
expertise in thermo solar energy and contributed to further research on
the requisites for the deployment of CSP in Brazil. However, there is
currently only 1 MW pilot plant under construction in Petrolina (PE)
and other four commercial projects that amount to 130 MW, which
find themselves in a very initial phase of development [17].
Furthermore, while in China the backward situation of thermal solar
power does not apply to other branches of the solar industry (photo-
voltaic panels or solar water heaters), the abundant solar resources in
the Brazilian territory are decidedly underused from the perspective of
energy supply [18,19].

Rational energy planning might be defined as the development of
the energy infrastructure that makes use of technological innovations
to improve efficiency gains and explore renewable resources in order to
meet the energy demands of a society in accordance to sustainability
criteria. Following this definition, the adoption of specific technological
innovations must be endorsed by their social acceptance and employed
in a complementary perspective that explores different renewable
energy resources conform to their geographical availability.
Nevertheless, several barriers interfere as constraints for the accom-
plishment of rational energy planning, both within and beyond the
limits of national sovereignty. Therefore, the next section is dedicated
to a brief presentation of the theoretical framework and the methodo-
logical tools that oriented the assembly of original data for the analysis
of our research problem. We will argue that the “World-Systems
Theory”, such as developed by Immanuel Wallerstein (2002, 2004),
offers a comprehensive perspective that enables us to highlight the
commonly neglected importance of electricity prices for determining
the position of each country in a competitive world-economy [20,21].

In Section 3, we will give an overview of CSP technologies and
emphasize their particular advantages in terms of energy conversion,
storage and hybridization possibilities, as well as their life cycle
assessment. In Section 4, the analysis of Direct Normal Irradiance
(DNI) data will confirm that China, as well as Brazil, have large
portions of their territories registering DNI values above the minimum
necessary for an effective CSP performance. An important similarity
between these countries will emerge from the analysis of solar
resources data, for in both cases the places with higher DNI coincide
to a great extent with the regions where the socioeconomic conditions
are most critical. In this sense, it will be argued in Section 5 that,
besides its environmental benefits, the large-scale deployment of CSP
power plants in China and Brazil might also contribute for diminishing
regional inequalities.

More attention will be paid to the economic viability aspects of
Chinese and Brazilian CSP markets in Sections 6 and 7. We will provide
an overview of the CSP value chain and demonstrate that thermal solar
power plants demand regular industrial materials—e.g. steel, mirrors,
steam turbines, electronic components—in which the Chinese manu-
facturing sector excels. Brazil also possesses a mature range of
industries in the production of components and equipment for
electrothermal conversion so that an important part of the value chain
could be added locally [17,22].

The concluding remarks are intended to clarify the significance of
the financial obstacles interposed by the high Levelized Costs of
Electricity (LCOE) for CSP deployment in China and Brazil. From a
sociological perspective, we criticize the limits of current explanations
that point out solely the higher electricity prices imposed on consumers
and the ensuing inflationary pressures. Beyond that, we indicate how
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the core of globalization and the struggle of national states for a bigger
share of world markets are closely associated with the relative
disadvantages of CSP technologies in face of other renewables.
Finally, we refer to on-going researches on solar-hybrids to identify
specific strategies that might enable an optimum adaptation of thermal
solar power in the respective energy contexts of China and Brazil and
thus overcome the existing economic constraints.

2. Theoretical framework and methodological approach

The main theoretical distortion in energy studies is the belief that
energy planning might be explained solely by the interface between
“national states” and “markets”. A somewhat broader perspective
includes a more extensive set of variables in order to analyse the
different strategies established by the governments to meet their
“energy security” concerns: a) support for the research and develop-
ment of new technologies; b) the degree of internalization of environ-
mental aspects and c¢) the economic efficiency of each State — might it
be in terms of independently financing its energy policies or developing
mechanisms to attract market actors. Nevertheless, the widespread
epistemological inaccuracy in contemporary energy research lies in the
assumption of the “national states” as the central analytical reference,
despite the interconnected dynamics of globalized markets.

Even in the case of “comparative analyses”, different national
realities are contrasted more in the sense of emphasizing their
respective singularities than with the purpose of establishing links of
“interconnectedness” between them. The most evident consequence of
such “analytical insularization”—methodological bias that restricts the
investigation of socioeconomic issues within the limits imposed by the
unquestioned tradition of representing such issues in a national
framework— in energy studies is that explanations are reduced to the
empirical causalities circumscribed within the national borders, com-
pletely disregarding the imbrication of global vectors in local decisions.
In energy studies, the analytical insularization is usually expressed by
research designs in which the energy infrastructure is analysed as the
result of the guidelines developed by national governments through the
institutions responsible for their energy planning and management. It
is obviously not our intention to deny the fact that states indeed rely on
the principle of “national sovereignty” to formulate strategies in the
energy field that would ideally be more adequate to the pursuit of their
respective national interests. In order to comprehensively understand
such strategies, it is necessary, though, to take into consideration the
whole range of transnational interdependencies, power relations and
overlapping causalities that are in the very core of the decision-making
processes of energy authorities, but cannot be properly identified
without the methodological implosion of the national state as analytical
reference.

In this sense, we argue that the deployment of CSP technologies in
China and Brazil must be discussed not only on a cost-benefit basis that
places the sole rational criteria on the comparison of its electricity
prices in the view of other available technologies. In order to be
comprehensive, energy studies must develop new analytical tools to
determine to what extent the pressure for international competitive-
ness has become a central factor in energy planning.

Briefly, our theoretical framework will be based on selective
elements of the contributions given by the “World-Systems Theory”
and the “Methodological Cosmopolitism” to the sociology of globaliza-
tion. “World-Systems Theory” is mainly associated to the theoretical
work developed by Immanuel Wallerstein [20,21], who understands
the world-economy as a single competitive matrix in which the
different countries struggle for more privileged positions in the
international flows of surplus-value. In order to understand such
dynamics, Wallerstein referred his assertions to a typology that defines
“core-nations” as those in control of high value-added economic
activities, while “peripheral countries” are those where the agriculture
and extractivism are the main economic sectors. Technology develop-
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ment plays a decisive role in the constitution of such asymmetrical
relations and the “semi-peripheral countries” are located in-between
this scale.

We suggest that the impact of energy planning on the prices of
electricity is one of the variables that determine the conditions of
insertion within this “world-system”. Especially in energy-intensive
industries, heat and electricity are important components for defining
the final prices of a product and, consequently, its competitiveness in
international markets. Hence, cheap sources of energy, such as coal
plants or large hydropower stations, are common strategies for semi-
peripheral countries that aim at upgrading their position in the
international division of labour. On the other hand, energy planning
might also be a tool for the accumulation of capital, when it contributes
for the local manufacturing of energy technologies. We will show that
the Chinese government considers the energy industry as a strategical
focus for the restructuration of its economy towards higher value-
added exports, while the Brazilian RE industry has also become a
global player in the market of wind turbines.

Therefore, “World-Systems Theory” allows us to shift the analysis of
energy planning from a narrow and unilinear national perspective to
the more complex arena of international disputes within a competitive
and globalized world-economy. Ulrich Beck's “Methodological
Cosmopolitanism” [23,24] will further complement our analysis in
virtue of its radical potential for questioning the rigid separation
between the “inside” and the “outside” of national guidelines. The
cosmopolitan features of the energy question are not only evident
through the transnational value-chain of the energy industry and the
interconnectedness of global energy markets, but also because energy
planning in a globalized economy must deal with the interests of
foreign actors as a core strategy for maximizing one own's “national”
profits.

In regard to methodological approach, we based the arguments
developed throughout this article both on primary and secondary data.
The secondary data were obtained in scientific articles on the perspec-
tives of thermo solar energy in China or Brazil. The existing literature
raised a number of questions, though, that demanded the gathering of
original information. Therefore, our primary data consist of four semi-
structured interviews: In China, we interviewed an energy researcher
from the Center for Renewable Energy Development and Research
Institute/National Development and Reform Commission. In Brazil,
we interviewed the general coordinator of technologies sector at the
Brazilian Ministry of Science, Technology and Innovation, the director
of the RE and efficiency energy sector of GIZ in Brazil as well as an
expert of solar energy from the University of Brasilia.

3. Solar thermal technologies

Concentrating Solar Power (CSP) plants generate solar thermal
electricity (STE) using mirrors to concentrate the sun's rays and
produce heat for electricity generation via a conventional thermody-
namic cycle [25,26]. The key distinction of CSP comparing with other
renewables is the heat storage system to generate electricity even with
cloudy skies or after the sunset. Unlike solar photovoltaic (PV), CSP
uses only the Direct Normal Irradiation (DNI) and can provide carbon-
free heat and power only in regions with high DNI (e.g. sunbelt
countries). There are four main CSP plant in commercial use [25,27]:

3.1. Parabolic Troughs (PT)

PT usually rely on synthetic oil as the fluid that transfers heat (the
heat transfer fluid) from collector pipes to heat exchangers, where
water is preheated, evaporated and then superheated. The superheated
steam runs a turbine, which drives a generator to produce electricity.
They are the most established and proven CSP technology on a large-
scale commercial basis.
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3.2. Linear Fresnel Reflectors (LFR)

LFR use a series of ground-based, flat or slightly curved mirrors
placed at different angles to concentrate the sunlight onto a fixed
receiver located several meters above the mirror field. Compared to PT,
LFR show worse performance, compensated however by lower capital
investments. Hence, there is currently no clear advantage to either
parabolic troughs or LFR systems.

3.3. Solar Towers (ST)

ST have a large number of computer assisted mirrors (heliostats)
tracking the sun individually over two axes and concentrate the solar
irradiation onto a single receiver mounted on top of a central tower,
where the solar heat drives a thermodynamic cycle and generates
electricity. In principle, ST plants can achieve higher temperatures than
PT and LFR systems because they have higher concentration factors,
increasing thus the efficiency and reducing costs.

3.4. Parabolic Dish (PD)

PD consists of a parabolic dish-shaped concentrator that reflects the
sunlight into a receiver placed at the focal point of the dish. The main
advantages of PD systems include high efficiency (up to 30%) and
modularity (5-50 kW), apart from being particularly suitable for
distributed generation (Fig.1).

3.5. Life cycle assessment

GHG emissions, water consumption and land use are the main
environmental issues in the preliminary analysis of CSP plants.
Although CSP plants have much lower GHG emissions (13.8 g/kWh)
than natural gas-fired power plants (422.4 g/kWh), due to manufactur-
ing process of the components, yet CSP plant consumes more water on-
site per unit of electricity generated [29]. CSP needs water to cool and
condense the steam cycle at the rate of 2-3 m® of water per MWh.
Since water is often scarce in the regions with high DNI, CSP plants
might use a “dry-cooling system” that is typically about 10% more
expensive than the water-cooled one [25]. Regarding the land use,
based on data from one of the largest CSP stations in the world (the
Shams1 active in Abu Dhabi since 2013), a thermal solar power plant
occupies 250 ha to produce 100 MW. Hence, CSP generates power at a
“land cost” of 2.5ha/MW [22], while the land-use intensity range for
photovoltaic energy varies between 2.5 ha/MW and 7.5 ha/MW [30].

3.6. Heat production

Thermal solar energy is suitable not only for generating electricity,
but also the high-temperature heat steam necessary for several
industrial processes. Taking into account that both Chinese and
Brazilian industry sectors are energy-intensive, steam generated by
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Fig. 1. Main CSP technologies.
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CSP technologies could be used in a wide range of industrial activities
that currently rely on coal or biomass for the production of heat. The
use of combined heat and power could thus reduce thermal costs and
facilitate the commercial viability of CSP technologies in emerging
markets. In North-eastern Brazil, already four industrial enterprises
are carrying out feasibility studies for using CSP heat for their
industrial processes [31].

3.7. Hybrid

The “Integrated Solar Combined Cycle System” (ISCC) is a typical
hybrid system that integrates solar heat and fossil fuels [32]. ISCC
consists of a gas or coal-fired turbine, heat retriever, steam turbine and
solar field. Steam generated in the solar field is fed into the water-steam
cycle of the “combined cycle” (CC) plant, thereby increasing the power
of the steam turbine. It can achieve efficiency rates around 67% (10%
higher than a conventional CC plant) [33]. Moreover, it is also possible
to combine the CSP plant with PV, wind or small hydropower plants,
replacing the fossil fuel share for alternative sources in order to
decrease the emissions of GHG. Following the example of Chile, the
hybridization with PV could provide cheaper energy during the day,
while CSP would start the generation in the afternoon with significant
storage capacity, providing secure and stable energy power [34].

Many studies indicate a low cost approach for the introduction of
CSP in a country's energy matrix through hybrid CSP plants associated
to the use of sustainably managed biomass, gas or any other fossil fuel.
Considering that biomass responds for 6.8% of Brazilian electricity
needs [3], such hybridization mode would present a feasible path for
CSP integration based on the context of local power generation. As an
example, the association of solar fields to the consumption of sugarcane
bagasse would make LCOE viable due to a reduction in the solar
multiple and, consequently, enable the use of fewer collectors [35].
Since the participation of each component in the hybrid set is arbitrary,
the solar share could be reduced until the level in which solar-biomass
hybrid plants achieve competitive prices in the auctions. Although
there is a problem regarding biomass availability in places with high
DNI, Brazil presents the conditions for small scale projects in this
hybrid modality [36,37].

Similarly, because the power sector in China relies heavily on coal-
fired power generation, hybrid solar-coal plants could be an affordable
beginning for the integration of CSP. Moreover, it allows the upgrading
of existing small power plants to reduce the fossil cost and minimize
the environmental impacts. These “solar boosters” would contribute for
slowing down the frenetic rhythm in which new coal plants are
constructed in China and, at the same time, take advantage of the
existing energy infrastructure to reduce the LCOE about 20-30% in
relation to the values expected for pure thermal solar plants [32].

4. Solar resources in China and Brazil
For an efficient performance, thermal solar plants require DNI
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Fig. 2. Direct Normal Irradiation in China and Brazil.
Source: [41]

levels above 1800 kWh/m?/y — which are registered mostly in desert
and arid regions, such as the Middle East and North Africa (MENA),
South Africa, Central Asia, India, Australia, North and South America.

China and Brazil offer a great potential for CSP technologies. As
shown in Fig. 2, there are large areas in both countries with DNT above
2000 kWh/m?/y. In Brazil, the DNI values in the Northeast semi-arid
region reach 2000 kWh/m? annually, with the greatest potential
located in the Sdo Francisco River Basin and the area of Sobradinho.
According to Soria (2011), Brazil possesses an area of 97,700.93 Km?
suitable for CSP technology where 3664 TWh/y could be generated
[38].

Based on DNI requirements, more than 700,000 Km? are suitable
for CSP installation in China, with potential generation of more than
51,000 TWh/y — i.e,, an amount of electricity more than ten times
superior to the total electricity consumption of 4980 terawatt-hours in
2012. Due to appropriate solar irradiation, Gansu, Tibet, Qinghai,
Xinjiang and Inner Mongolia would be convenient areas for the
deployment of large scale CSP projects. Within these five provinces,
Qinghai and Gansu stand out as ideal locations considering solar
resources (over 2100 kWh/m?), geographical conditions, slope and
proximity to the consumption centres [39,40].

5. “Elective affinities” between CSP investments and regional
development

The analysis of Chinese and Brazilian socioeconomic indices clearly
reveals that they are structurally determined by regional disparities.
Since the late 1980's, uneven economic growth has concentrated wealth
in Chinese coastal cities, while rural inland territories have registered
disadvantages in economic well-being. Indeed, Coastal and Northern
provinces have a relatively bigger participation in the country's trade,
and their per capita incomes are considerably higher than the national
average. More specifically, the joined participation of Guandong and
Jiansu in national GDP (20.63%) exceeds all the Western provinces
combined [42], and the disposable income per capita in Shanghai is
more than the double of the value perceived in Guizhou [43]. In Brazil,
the financial, industrial and research centres are mostly located in the
Southeast and Southern regions. Sdo Paulo state alone responded for
33.5% of Brazilian GDP in 2009—while Piaui, Sergipe, Rio Grande do
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Norte, Paraiba, Alagoas and Cear4 (all located in the Northeast region)
had a combined result of 5.3% in the same year [44].

The comparison between solar resources and socioeconomic data
evidences that both in China and in Brazil there is a coincidence
between the territories with high DNI values and the most backward
areas in terms of social development and participation in the national
wealth. An assessment research indicates that Gansu, Tibet, Qinghai,
Xinjiang and Inner Mongolia are the Chinese provinces that combine
solar resources and lower demographic densities, placing them in a
suitable condition for large-scale CSP deployment. However, except for
Inner Mongolia, all these provinces present low Human Development
Index (HDI) results, which vary from the 22nd (Xinjiang) to the last
position (Tibet) among all the thirty-one Chinese provinces [45]. In the
Brazilian case, the natural pre-requisites for the construction of
thermal solar power plants are found in the semi-arid climate zone
in the Northeast region. It suffices to say that, among this country's
1000 worst HDI conditions, 715 were municipalities located in semi-
arid domains [45].

Hence, this article also highlights the “elective affinities” between
CSP deployment and regional modernization in the sense that both in
China and Brazil the areas that would be suitable for the operation of
thermo solar plants are precisely those where socioeconomic condi-
tions are below the national average. In other words, the construction
of thermal solar power plants is in consonance to some of the guiding
policies announced in the 12th Five-Year Plan because it fits the
purpose of increasing the participation of renewables in the energy
matrix, as well as promoting “coordinated and interactive” regional
development, especially in those Western provinces, whose socio-
economic improvement is currently given “high priority” [46].
Similarly, CSP in Brazilian semi-arid regions might converge with
other public policies aimed at reducing local poverty, not only because
of all the direct and indirect jobs associated to the construction and
maintenance of thermal solar plants, but also because CSP electricity
might bring additional source of revenues if exported to the centres of
electricity demand in South-eastern states. The existence of “elective
affinities” between CSP deployment and regional development means
that investments in thermo solar energy would meet environmental
sustainability as well as social equality criteria.
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Fig. 3. Value chain of CSP plant.
Source: [48]

6. Value chain for CSP in China and Brazil

The question about the readiness of the national industry to supply
the necessary equipment at a competitive price is crucial. Generally,
CSP plants consist of various components that do not need highly
specific industry know-how and could be produced with adoptions of
slight changes on already existing production lines. The CSP plant
could be divided in three parts: optical, thermal and electrical — and
several sectors are involved along the value chain: steel and glass
industry, chemical, petrochemical and construction companies [47].

As depicted in Fig. 3, the project development phase is followed by
the raw material selection. Concrete, steel, and glass are the most
required materials and, depending on the price, could be provided by
Chinese and Brazilian local suppliers. The key components of the solar
field are the metal support structure for the mounting, the mirrors and
the receivers. Since the CSP market worldwide is still at a very initial
stage, there are only a few companies that can supply these compo-
nents. The main part of the power block is the steam turbine, which is
the most complex item of the CSP plant and usually produced by
specialized companies [48].

According to the results of our interviews, there is neither in China
nor in Brazil any impeding barrier associated with the intellectual
property rights of CSP technologies. The Chinese have been researching
thermo solar technologies for some decades and several tests are being
made in order to figure out which one out of the four CSP options
would be more suitable for the Chinese conditions. If necessary, energy
authorities are ready to sign cooperation agreements that would enable
the use of Spanish and German technologies [49].

Jointly with the German Society for International Cooperation
(GIZ), the Brazilian Ministry of Science, Technology and Innovation
(MCTI) actively works to create the conditions for developing and
disseminating the CSP technology in Brazil. The project has many
approaches as capacity-building, scientific and industrial cooperation,
as well as the construction of the pilot plant “Petrolina”. In face of the
industrial and academic cooperation with German companies and
universities, the work is aimed at the adaptation of the national
industry and the development of CSP technology in Brazil. Brazilian
universities are working for the development of heliostats and con-
centrating Fresnel mirror, and the glass industry is expected to launch
new products in this sector [34].

In Brazil, steel and glass industries, as well as chemical and
petrochemical companies, are already present and could locally supply
many components for a plant construction. Thus, local share of around
70% could be achieved with an annual increase of approximately
250 MW or more of CSP installed capacity. But it has also been
considered that, without any adaptations in the different industry
sectors, only a small local share would be achieved [47]. The coopera-

*Engineering, *Operation and  *Transport and
Procurement, maintenance of  Distribution of
and the plant electricity
Construction « Utility
(EPC)
management

tion between the MCTI and GIZ could provide further support for the
technology transfer and — except for the optical components, which
would need to be imported in the beginning — the other elements of the
value-chain might be added locally [31].

China already has the manufacturing abilities to produce most of
the key components for centralized tower and would be able to export
some of the key CSP components. The Institute of Electrical
Engineering (IEE), a leading research institution within the National
Solar Thermal Energy Alliance, has developed its own patented CSP
technique and manufacturing abilities [50]. Comparing to Brazil, the
Chinese industries have more experience with thermal power and such
experience provides some relative advantages for technology adapta-
tion. In Beijing, there is 1 MW demo plant and in Qinghai a 10 MW
commercial scale plant. This figure is expected to increase in the near
future because there are 317.5 MW under construction [16].

Although the Chinese CSP industry sector has recently emerged, it
is dominated by the so-called “Big 5 Utilities”: China Guodian, China
Huaneng, China Power Investment, China Datang and China
Huadian; which operate in China as project developers, electric power
companies and EPC (Engineering, Procurement, and Construction
management). Within the industry, some local equipment suppliers
like Himin or Huiyin, besides some of the first European CSP players
like Siemens, Schott or Abengoa, have been trying to establish
themselves in the Chinese market [40].

The development of national produced renewable energy technol-
ogy might contribute for the reduction of the electricity price. However,
China's policy approach to renewable energies has placed priority on
developing the renewable energy manufacturing industry and only
secondly on renewable energy itself. In contrast to the wind industry
which was pulled by domestic market, PV industry was boosted by
overseas market, mainly by the European Union [13]. Therefore, the
low DNI levels in some of the main importers of Chinese renewable
energy products (e.g. Germany) might be a hindrance to the develop-
ment of the Chinese thermal solar industry.

Differently from China, Brazil has given priority to the national
deployment of renewable energy, compassing 74.6% of renewable
energy sources in its energy mix [7], but the renewable energy
technology manufacturing is not as developed as in the Asian country.
To date, Brazil still does not have the technology to manufacture
photovoltaic cells active in the country, although the sector is growing
every year. For Chinese PV companies, Brazil is an auspicious new
market, and, as example, one of the largest Chinese PV modules’
manufacturer (BYD) is already planning to invest US$ 50 million for
setting up the manufacturing facility in Campinas [51].
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7. Cost analysis of CSP technology in China and Brazil

Levelized Cost of Electricity (LCOE) is an important tool for the
comparison of various generation options, as it demonstrates the per-
kilowatt hour cost (in real dollars) of building and operating a
generating plant over an assumed financial life and duty cycle [52].
In contrast to fossil fuel sources, LCOE for renewables has been falling
continuously for decades. Nevertheless, due to CSP embryonic deploy-
ment, its LCOE is still relatively high compared with other renewable
technologies, registering prices in the range of 20—35 US$c/kWh [53].
Future cost reductions can be expected if deployment accelerates, but
policy uncertainty is negatively affecting the prospects of growth.

As 85% of all CSP projects are dominated by parabolic troughs
technology, data available on operating experience and cost informa-
tion refers usually to PT systems. PT plants without storage in non-
OECD countries have been able to achieve lower capital costs between
US$ 3500/kW and US$ 7300/kW. Plants with storage usually require
higher capital investments, but they allow greater capacity factor
resulting in lower LCOE [53]. The high initial capital investment is
indeed a serious impediment for the competitiveness of CSP, but
thermal solar energy still has a large cost-reduction potential, with
future opportunities for wholesale power supply, industrial heat
production and desalination [54].

In Brazil, the real LCOE for CSP plants will be known when the only
CSP auction is held, whereupon the experts expect the cost decrease, as
it happened for the wind turbines or PV [31,34]. Moreover, the
Electricity Regulatory Agency (ANEEL) will announce in 2016 the
results of the first R & D auction for CSP plants, where 5-7 projects are
expected to be presented. Due to capacity building in Brazilian
government by the German Cooperation for Sustainable Development
(GIZ), ANEEL has already permitted the participation of CSP plants in
national energy auctions, although the presented projects were not able
to compete with other sources. Previously, the same path has been
taken for wind and PV, when the exclusive commercial auction was
announced only after the R&D auction had already been held.
Moreover, the Energy Research Company (EPE) is prepared to
introduce the CSP share in its next energy forecasts, as was confirmed
by the interviewees, implying the future announcement of exclusive
commercial auctions by the government.

There are currently few available data for the CSP technology costs
in the country and no projects exist that could indicate the LCOE for
CSP plant in Brazil. However, there are some studies that have been
done, simulating various scenarios for CSP development in Brazil.
Following the results of a research developed at Federal University of
Rio de Janeiro [35], in the base (business-as usual) scenario, CSP was
not able to compete with biomass and gas-fired. In the alternative
scenario, in which specific auctions for CSP might be adopted, the
optimization indicated the impacts caused by the hypothetical manda-
tory use of CSP in the grid. In such case, the costs would be about 144
billion dollars dearer than the base scenario, but the Northeast could
become an energy independent region and even an exporter of
electricity to the Southeast and South regions. The LCOE is estimated
to be in a wide range from 39 to 82 US$c/kWh in the base scenario and
around 19-39 US$c/kWh in the alternative scenario [38].

Comparing with the average price of electricity for the industry of
0.38 BRL/kWh or 10.7 US$c/kWh (taxes included, 2015), we could
observe that CSP is not competitive in Brazil yet [55,56]. However, the
hybridization of CSP with biomass could decrease the LCOE to 11 US
$c/kWh and thus make thermal solar electricity also feasible and
competitive from the economic point of view [38]. As we pointed in
Section 3, the local availability of biomass would restrain the scale of
these hybrid projects, but, if adequately managed, it might indeed
contribute to a certain degree for the reduction of initial costs.

CSP in China has already 2.18 MW installed capacity or 567.5 MW
including the projects under construction and development. However,
there is a lack of clear and ambitious “feed-in tariff” (FIT) policy to
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boost investments into the emerging CSP sector. In 2011, a 50 MW
solar thermal power generation project in Inner Mongolia won a first
FIT price of 0.94 RMB/kWh or 15 US$c/kWh [40]. After the experts
claimed the price was too low and unprofitable, the government
established a higher “feed-in tariff” of 1.2 RMB/kWh (19 US$c/kWh)
for the CSP plant Supcon's Delingha [57], but this incentive was still
not sufficient to make CSP projects viable in China. Moreover, the
Asian Development bank (ADB) provided preferential loans for CSP
projects, enabling Supcon's Delinghua to achieve the lowest electricity
generation costs in comparison with other CSP projects in China, that
vary in a range of 19—43 US$c/kWh [39,58].

“For the PV and wind power, the Chinese government formulated
the FIT for several years, and the market for such technologies has
developed favourably. But for CSP — because there are no commer-
cial large scale projects operated at present— the government
hesitates to formulate the FIT and to set the price level for CSP.
The pilot developers set up the CSP plans first and then establish
the price policy. However, the developers hope the government can
set the policy first. The government waits for the prices and the
developers wait for the government. That is why the CSP is not on
the normal road to achieve the target”, Energy researcher at the
Center for Renewable Energy Development and Research Institute,
Shi Jingli [49].

With regard to capital investments, the 50 MW Qinghai Delingha
concentrated solar thermal power project amounted to US$ 322.26
million of capital expenditures, representing an average of 6400 US
$/kW. Due to the high initial CAPEX, the current electricity cost
generated by the CSP is therefore still much higher than that of
conventional technologies. While the current electricity price for major
industrial use in China (taxes incl.) is around 0.61 RMB/kWh (10 US
$c/kWh) [59], it is unlikely that CSP might become a competitive
alternative in China.

Comparing LCOE estimates in Brazil and in China with electricity
price of 10-11 US$c/kWh it remains to be an expensive option for
developing countries, guided by the principle of affordable electricity
price. Yet, it must be considered that first projects in the countries are
usually more expensive than the ones that follow, meaning that the
price would be reduced in the future. Moreover, as a result of its high
DNI rates and relatively inexpensive costs of labour and materials, it
was estimated that LCOE for CSP technologies might be at least 20%
cheaper in China than in Europe [50,53]. Nevertheless, even in face of
such “comparative advantages”, thermal solar electricity would still
represent a financial burden in contrast to fossil fuels or other more
established and competitive renewable technologies (Table 1).

8. Concluding remarks: CSP deployment in the framework of
globalized competitive markets

Both China and Brazil have several options for alternative energy
planning. However, their energy guidelines might be regarded as very

Table 1
LCOE estimates per technology and country (US$c/kWh) .

Technology Brazil China USA Europe
Csp N/A 19-46 20-49 20-49
PV 6.5-8.4 7.9-14.9 11-23 10-25
On-shore wind 3-5 4.9-9.3 6.1-13.6 7.1-11.7
Hydro 3 3 9 10

Coal 3.6 3.5-39 7 12-17

Source: Elaborated by the authors based on [53,60].

" Note: the given range is an average scenario range and does not reflect actual
maximum and minimum values.

" The data on energy sources in Brazil is based on auction prices from ANEEL site
[56] (auction results from 2005 to 2015).
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conservative in the sense that they are largely focused on thermal and
hydro power plants, while more environmental friendly RE are
considered merely as “complementary” sources. In Brazil, it is even
relatively common for CSP enthusiasts to criticize energy planners as
“electrosaurs” for their short-sightedness and inability to analyse
thermo solar perspectives in the long run [31].

Nevertheless, we demonstrated along this article that the impedi-
ments for CSP deployment in China and Brazil are not only the result of
what might be called “energy conservatism”, but mostly associated with
the comparatively more expensive LCOE of thermo solar energy. The
high initial expenditures for the construction of the solar fields would
raise the inflationary pressures on the electricity prices and thus reflect
negatively upon the input costs of the industrial sector, specially its
energy-intensive branches. In the light of the growing liberalization of
international markets, the logical consequence of higher production
costs (raw materials, labour and electricity) would be a more dis-
advantageous position of China and Brazil in the increasingly compe-
titive world-economy.

The industrial sector accounts for 71% of total Chinese energy
consumption, and the prevalence of coal for electricity and heat
generation was decisive for the astonishing growth rates registered in
the last three decades [61]. The central government has relied on coal
for developing its macroeconomic strategies [26], and the strictly
regulation of electricity tariffs has had an importance similar to
currency devaluation in assuring the increase of Chinese manufactures
and their growing share in the world trade. Therefore, the first obstacle
to the large-scale replacement of coal-fired plants for thermal solar
power is related to the expenses on CSP infrastructure and its
reverberation on the electricity prices, especially when one takes into
consideration the role of energy intensive sectors—including chemicals,
primary aluminium, cement, iron, paper and glass—in terms of
employment and industrial value-added for the Chinese economy.

Although the contribution of the industry sector to the Brazilian
GDP decreased in the last decade, and the country experienced a
process of “reprimarisation” pushed up to a great extent by the Chinese
demand for “commodities”, the high LCOE is also an important part of
the explanation on the backward stage of CSP integration in the
national energy mix. In order to assure low electricity prices, the
Brazilian legislation establishes that the contracts for the expansion of
power capacity are defined in specific auctions. After the institutiona-
lization of the “Incentive Program for Alternative Sources of Electricity”
(PROINFA, Decree nr. 5025, 2004), goals were set for the deployment
of alternative technologies, as a form of compensating to a certain
degree the environmental and time consuming limitations for the
construction of new large hydropower plants. Though CSP investors
have taken part in auctions, the prices offered could not compete yet
with other RE bids [31].

The CSP hybrid modalities and the application of combined heat
and power in industrial processes were presented as viable strategies
for reducing the costs and enabling the incorporation of thermo solar
technologies in the Chinese and Brazilian energy matrices. Another
incentive for including CSP policies in their respective energy planning
might be the decision to boost the local industries that could take part
in the manufacture of some CSP components and thus become global-
players in this field. Indeed, this is an oligopolized branch of the global
energy industry, mostly dominated by Spanish and German companies.
This strategy would ratify the dynamics analysed by Wallerstein [21],
according to which developing countries might attract a bigger share of
the global surplus-value with strong State measures for inserting their
national companies in oligopolized markets of high-technology pro-
ducts.

From the economic point of view, both PV and CSP deployment
require high initial costs that tend to diminish throughout scaling-up
processes and learning curves. Nevertheless, the Chinese government
provided large subsidies and bank loans at lower rates (US$30 billion
only in 2010) to boost the PV industry, drastically reducing the prices
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of PV panels and contributing in a decisively manner to make them
competitive worldwide [19]. The advantages of PV over CSP were
intimately connected to the perception of the Chinese government that
the former presented greater profit opportunities in the overseas
market. More specifically, China was attentive to the energy debate
and the incentives given in the last fifteen years to the deployment of
alternative technologies in the European Union. After the implementa-
tion of FITs in Germany, the country was inundated by “made-in-
China” PV panels and, in a very short period of time, more than 300
Chinese cities were involved in the production of photovoltaic cells,
with about 2000 PV industries active in the country [13]. Therefore,
Chinese PV manufacturing capacity was pushed up by external
demand, and local deployment was subsequently favoured by econo-
mies of scale and their positive effects on the production costs.

The contextualization of Chinese energy policies within a “World-
Systems” framework provides key elements for understanding why
initially expensive PV infrastructure was given priority in detriment of
the investments on CSP technologies. However, it also presents a
scenario in which developments in thermal solar energy might over-
come the current lethargy and follow a similar path. As we showed
previously, the Chinese industrial sector is already capable of integrat-
ing all the stages of the CSP value chain, and the low costs of national
production would place the country as a global CSP player. It is also
worth mentioning that China Electric Power Research Institute — a
subsidiary of the state-owned State Grid Corporation of China — joined
the Desertec Industrial Initiative in 2013 [62] and, in the same year, a
delegation of Chinese policy-makers visited Morocco and Egypt, as part
of a South-South knowledge exchange project to learn from these
countries' experience with CSP pilot projects and their perspectives for
the scaling-up process of thermal solar energy [63]. It remains unclear,
however, if massive exports of CSP components will be a feasible
strategy in the short and mid-term, for the Southern countries located
at regions with high DNI levels are mostly developing nations with
poorer budgets than the developed countries that pushed the Chinese
PV manufacture.

The perspectives for CSP deployment in the next decade are less
advantageous in Brazil than in China, for the South-American country
is a latecomer in the field of solar energies. Even though Brazil has
privileged DNI rates, thermal solar energy still does not figure as an
important component of the plans for the expansion of the power
sector. The experts stated the on-going work with Energy Research
Company (EPE) to introduce CSP in the next ten-year energy plan,
which is likely to occupy a small share in the Brazilian energy matrix
[31,34]. Yet, the competition with other renewable energy sources
seems to leave CSP aside. The Brazilian government is initially focusing
on solar water heaters (SWH) and on the manufacture of solar panels.
It is expected that PV will have substantial growth in the next period
and reach 9 GW of capacity until 2035 [64]. The government's
intention is to reproduce the path of the wind industry, using the
legislation to create incentives for the national deployment of PV
stations as a step for upgrading the industry competitiveness and thus
achieve a profitable share of the PV world market [65].

Even if this goal is accomplished, current figures indicate that PV
will then represent only 3% of the country's total electricity capacity
[64], which is inferior to the world average (8%), although more
auspicious perspectives are placed for the long-term scenario. Brazil
will also continue to foster the manufacture and exports of RE
technologies, but, in the light of current energy guidelines, its
contribution to the mitigation of global warming will be largely
outweighed by the commercialization of the oil-sand reserves.
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Appendix A. The 13th chinese five-year plan — A turnpoint
for CSP investments in China?

During the period in which this article was being reviewed, the
Chinese government announced its 13th FYP with considerably more
ambitious goals for CSP development. The following paragraphs will
bring a short presentation of the newest roadmap, as well as informa-
tion collected from three interviews with CSP companies and technol-
ogy researchers in China.

Even though China did not achieve the target of 1 GW established
by the 12th FYP, Beijing finally reached an agreement with project
developers on the FIT for CSP plants: RMB 1.15/KWh ($0.22/KWh).
Hence, the government declared the purpose of reaching 10 GW of
installed capacity for CSP by 2020. In this case, China would be
responsible by then for nothing less than 2/3 of CSP deployment
worldwide [66].

The 13th FYP directives for CSP investments are intended to
contribute for decreasing the participation of fossil fuels in the
Chinese energy mix, as well as providing further incentives for the
RE industry. The approval of the FIT — associated with the “compe-
titive advantages” of the Chinese industry in a “World-System”
economy — are likely to develop the country as a manufacturing hub
for CSP components. A variety of national companies will benefit from
the incentive policies and other US and European firms (SolarReserve,
BrightSource Energy, 247 Solar, Cleanergy, Frenell) have announced
that they will take part into the Chinese CSP program, possibly moving
part of their manufacture plants to China and developing joint-
ventures with stakeholders from the Chinese industry [67].

If Beijing is successful in achieving its new CSP target, then it will
represent a turnpoint not only for China, but for any country that
intends to develop CSP projects. Indeed, the deployment of 10 GW will
be a major contribution for scaling-up CSP production and thus
promote a global reduction of costs. China might also contribute with
some technological breakthroughs, specially in the area of thermal
storage, where most Chinese R & D efforts are concentrated [68].

However, there are still some barriers to overcome in order to
successfully implement the new CSP goals. In Western provinces with
sufficient DNI levels for making CSP projects feasible, the authorities
have built some PV plants with high percentages of registered power
curtailment [69]. Besides, the transmission lines that would connect
these provinces to important consummer centres in Coastal cities are
still being developed, which means that the achievement of 10 GW by
2020 will also depend on the socioeconomic development of such
provinces so that at least part of the power production can be
consumed locally and thus avoid further curtailment.

Another decisive point is the question whether the agreed FIT will
be really sufficient for enabling the progress of CSP investments. Even
though the institution of FIT for CSP plants already represents a
positive sign, many stakeholders of the Chinese industry consider RMB
1.15/KWh a low price and suggest skeptical views on the market
feasibility of the government's CSP program [70].
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