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Preface

Concentrated Solar Power (CSP) systems represent a pivotal advancement in
renewable energy technology, offering a promising pathway for harnessing the
sun’s vast potential to generate electricity. As the global community increasingly
turns toward sustainable energy sources to mitigate the adverse effects of climate
change, CSP systems have emerged as a crucial component in the portfolio of
clean energy solutions. Unlike photovoltaic (PV) systems that directly convert
sunlight into electricity, CSP systems utilize mirrors or lenses to concentrate sun-
light onto a small area to generate heat, which is then used to produce electricity.
This unique approach to solar energy generation not only provides opportunities
for large-scale power production but also integrates thermal energy storage,
enabling CSP plants to supply electricity even when the sun is not shining.

The importance of CSP systems lies in their ability to complement other
renewable energy sources such as wind and PV by providing dispatchable power.
By storing thermal energy, CSP plants can generate electricity during peak
demand periods, contributing to grid stability and reliability. This ability to
provide on-demand energy addresses one of the main challenges associated with
renewable energy—the intermittency of power supply. Furthermore, CSP systems
can be integrated with other power generation technologies, such as natural
gas or biomass, to create hybrid systems, further enhancing their flexibility and
reliability.

This preface introduces readers to the fundamental concepts, importance, and
emerging trends in CSP systems. The transition to renewable energy is driven by
the need to reduce greenhouse gas emissions, promote energy independence, and
create sustainable economic growth. CSP technologies offer a versatile and scal-
able solution to meet these objectives, particularly in regions with high solar inso-
lation, such as deserts and arid climates. Moreover, advances in CSP technology
are continually improving efficiency and reducing costs, making it a more viable
option for large-scale energy production.
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Preface

In this work, we explore the intricate workings of CSP systems, their various
configurations, and their applications in today’s energy landscape. From parabolic
troughs to solar power towers, this text delves into the engineering principles,
economic considerations, and environmental impacts of CSP technology. It also
addresses the challenges faced by CSP systems, such as the need for significant
land area and water resources, while highlighting ongoing research aimed at over-
coming these barriers.

As CSP systems continue to evolve, they are positioned to play a vital role in
the global transition to a sustainable energy future. This book aims to provide a
comprehensive understanding of CSP technology, from its foundational principles
to its potential to revolutionize the energy sector. We hope this exploration will
inspire further innovation and development in the field, fostering a future where
renewable energy is both abundant and accessible to all.

December, 2024 Dr. Bellamkonda Pragathi
Kazipet, Telangana, India
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1

Conventional Energy Sources

An important factor to consider when deciding whether a country is considered
developed is the amount of energy consumed per person. Maximum energy output
is defined by a country’s needs, and these needs can only be satisfied if everyone
has access to sufficient amounts of energy for things like electricity, transporta-
tion, and agriculture. The majority of the world’s resources, including coal, oil, and
natural gas, are now produced via conventional methods to satisfy global demand.
India presently imports about 75% of its crude oil, but this ratio is expected to climb
significantly shortly due to the country’s expanding economy and rapid expan-
sion. Although only 6% of the world’s primary energy is consumed there, India
is home to 18% of the world’s population. The majority of the world’s electric-
ity is generated by burning coal, oil, and natural gas. To create energy, these fossil
fuels are burned, which increases the amount of carbon dioxide in the atmosphere
and releases several hazardous compounds. The rise in global temperatures is a
result of the potent greenhouse gas (GHG) carbon dioxide. The second drawback
of using fossil fuels as a source of energy is that their proven reserves have a short
shelf life—Iless than a century, in certain cases. Finding a different electricity pro-
duction source is required as a result. Power production planning is significantly
influenced by two important factors. The principal energy source, which might
be any of the three fossil fuels, is an essential component. It is well recognized
that all three of these fuels contribute to global warming and environmental harm.
The second group of topics relates to the economics of electrical power. Significant
losses are experienced during power production, transmission, and distribution.
A challenging task that could cut expenses as well as losses in reducing losses or
discovering an alternative strategy, like a smart grid or microgrid. The general pub-
lic and those who create and administer regulations both want access to electricity
while avoiding contributing to global warming [1].

Concentrated Solar Power Systems, First Edition. Bellamkonda Pragathi and D. P. Kothari.
© 2025 The Institute of Electrical and Electronics Engineers, Inc. Published 2025 by John Wiley & Sons, Inc.



2

1 Conventional Energy Sources
1.1 Energy Resources and Their Potential

1.1.1 Oil

Depending on how much oil is used, the world has been split into three categories.
Some nations are oil rich, while others are highly industrialized with productive
farmland. The majority of the Middle Eastern or Arabian countries are the
first group’s representatives. The Organization for Economic Cooperation and
Development (OECD) is the representative of the other group. There is a third
group, which lacks oil and is not as developed as the OECD group. The question
of whether oil-producing nations will continue to supply the world with oil until
the supply runs out, decide to hoard the oil for their use, or limit sales to nations
who support their policies has long been a concern. The Arab nations’ lack of
food resources led to the current system, in which oil is supplied to industrialized
nations. They received food in exchange for the oil, though it wasn’t a formal
barter deal. The Arab nations gradually became more powerful economically,
established new ventures, and began to voice their opinions on global affairs.
There is now a kind of unspoken divide between the Arabs and the developed
nations. The current terrorism situation and American operations in the Middle
East are further highlighting the contrasts, and when the oil taps run dry, the
distinctions will become clearer. In the beginning, Arabs were content to receive
food in exchange for oil, which helped keep the scales balanced. As can be seen,
the exchange rate between food and oil was one bushel of food for every barrel of
crude oil between 1950 and 1973, even though the scales had tipped in favor of oil
suppliers. Two bushels per barrel in 1974, 5 bushels per barrel between 1975 and
1998, 6 bushels in 1999, and currently 10 bushels or more per barrel of crude oil,
which grew by currency rates. Oil is undoubtedly necessary for agriculture and
the transportation of food, but the Arab nations have located food sources outside
of the OECD [2].

1.1.2 Natural Gas

Over the past 15 years, technology for producing power from natural gas has
advanced. By 2020, it’s anticipated that natural gas utilization in the creation of
power would rise by 87%. According to the most accurate projections, natural
gas will support 30% of energy generation in industrialized countries while
providing 17% of electricity in emerging nations. Many nations intend to use
natural gas since it has been technically developed for use in combined-cycle
gas turbines, which are used to generate power. Additionally, while producing
the same amount of energy as coal and oil, gas emits less carbon dioxide. It is a
cleaner fuel and is utilized in public transportation, such as in Delhi, specifically



1.1 Energy Resources and Their Potential

to preserve the environment. With roughly 33% of global consumption occurring
in the former Soviet Union, gas usage for power is already high in those nations.
Up to 63% of electricity in the former Soviet Union’s nations is anticipated to be
produced from gas by 2025. In 2001, the East European nations generated 9% of
their electricity from gas; to reach their goal of 50% electricity generation, they
plan to import more gas from Russia. Gas consumption for electricity generation
in Western Europe increased to 413 billion cubic meters in 2000 and is anticipated
to reach 670 billion cubic meters by 2025, having a declining share. Due to the
region’s use of nuclear energy, the gas portion of power generation is expected
to rise from 17% in 2001 to 38% in 2025. Since the 1973 oil crisis, when Western
European countries first experienced fluctuating natural gas use. The European
Union began limiting the use of gas for generating electricity in 1975. It was 5%
in 1981 and stayed there throughout the 1980s. The region began importing gas
from Russia, North Africa, and recently discovered sources in the North Sea in
the early 1990s; as a result, the share of gas in the electricity market rose, and this
pattern is still present today.

Africa and Asia do not yet consume a lot of gas. Nearly one-fourth of the gas
consumed by Asian nations is consumed in Japan, which imports all of its gas as
liquefied natural gas (LNG). India will end up being a major gas user, and 12.6%
of its power is produced using gas.

The majority of the gas used in the United States is imported from Canada, but
some gas is also obtained by pipelines from the Alaskan North Sea. From 18% in
2001 to 24% in 2025, gas is anticipated to have a larger part of the electricity market.
All of the recently built power plants in the United States, totaling 141,000 MW, are
gas based. Overseas imports are probably going to keep rising. In 2002, the United
States brought in 4.8 million metric tons of gas or 4% of global consumption. At
roughly 46 million metric tons in 2010, the import had more than doubled since
2002. As aresult, in addition to importing oil, the United States imports enormous
amounts of gas. By 2025, Canada wants to grow its gas-powered electricity gener-
ation from 3% to 11%.

The price of natural gas is rising. Prices have more than doubled since 1993. Gas
was priced at $2.55 per million British thermal unit (BTU) in 2000, but by 2003
it had risen to $6.31. Russia, Iran, and Qatar, three nations with respective gas
reserves of 31%, 15%, and 9%, stand to gain from international gas trading [3].

1.1.3 Coal

The earliest source of energy for producing electricity is coal. It is disliked in devel-
oped countries because it creates more carbon dioxide than oil and gas, along with
numerous other air pollutants. In addition to carbon dioxide, it also releases sul-
fur dioxide, nitrous oxide, mercury, and particulate matter. Electricity production
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uses 64% of all coal production. In 2001, the production was 94.5 Exa Joule (EJ)
equivalent. By 2025, it is anticipated that production will rise to 138 EJ. However,
all projections indicate that coal will have a decreasing role in the production of
power. Although its share of power will drop to 31% by 2025, it was responsible
for 34% of electricity in 2001 and 40% of electricity in 2005. By 2025, coal-fired
energy will only account for 12% of all electricity produced in Europe, down from
20% now. In 2001, the United States used 40% of the world’s coal, compared to 27%
combined use by China and India. Coal was used to generate 72% of the electricity
in China and India. By 2025, China will produce 73% more power from coal than
it does today. However, India’s use of coal for energy production will decrease to
63%. By 2025, it is expected that the proportion of coal in US electricity will mostly
remain unchanged at 50%.

Coal made up 27% of the electricity in Eastern Europe and the former Soviet
Union in 2001. The availability of Russian gas, however, will cause this percent-
age to decline by 6% by 2025. Eastern Europe is becoming the most polluted region
in the world due to the burning of coal. In general, Europe is phasing out the use
of coal for electricity. The majority of those coal mines received government fund-
ing. Only three nations—the United Kingdom, Germany, and Spain—continue to
manufacture hard coal as a result of the European Union’s strategy of lowering or
eliminating such subsidies. Table 1.1 lists the coal deposits found worldwide.

Every day, a typical 600 MW coal-fired power station will consume 8,193 tons
of coal, which may need to be transported over a distance of up to 1,000 km from
coal mines. Such a massive amount of coal will need to be transported by reg-
ular daily train movements, and there are numerous such factories located all
over the world. Although the transportation itself will consume a lot of fuel and
produce a lot of carbon dioxide and other pollutants, this calls for a rail system
that is effective and has good haulage capacity. 17,900 tons of nitrous oxide, 8,200

Table 1.1 Coal deposits in the world.

Region Deposit (Gt) Percent
Asia Pacific 292.5 23.7
North America 257.8 26.2
Former Soviet Union 230 22.4
Europe 125.4 12.7
Africa 55.4 5.6
South & Central America 21.8 2.2
Middle East 1.7 0.2

World 984.6 100
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tons of sulfur dioxide, 4,207,200 tons of carbon dioxide, and 70 kg of mercury are
normally produced when coal is burned. Additionally, radioactive substances and
fly ash are released by the plants. The factory’s modern appearance makes it appear
as though it and its surroundings are clean, yet the gases and ash that escape
the chimney have an impact on places that are 50-100 km away from the plant.
An individual living within 1 km of a coal-fired power station receives a radiation
dose that is 1-5% above the typical natural background level, according to stud-
ies carried out in the United States between 1975 and 1985. In contrast, residing
close to a nuclear power station often results in an increase of 0.3-1% above back-
ground levels. Coal-fired power stations’ radiation is not controlled in any way.
The health impact of mercury is significantly more serious and has not yet been
addressed. Mercury is a hazardous, enduring, bioaccumulative contaminant that
has an impact on human neurological growth. The effects of airborne mercury
are greatest in developing children and infants. It will be challenging to extract
mercury from flue gas at a concentration of 1 ppb (part per billion) because the
technology for capturing mercury from flue gas has not yet been developed [4].

1.1.4 Hydropower

150 years ago, the Industrial Revolution was powered by the free kinetic energy
of flowing water. Water that was flowing and water that was falling from a great
height both encountered bladed wheels. The machinery was originally powered
by the motion of the water turbines, and then the electrical generators. Because
the water turbines could be produced in such huge sizes and the technology for
erecting dams was established, which supplied a source of water year-round,
hydropower was later totally dedicated to electricity generation. Dams are
presently present in several nations, including the United States, China, Brazil,
Venezuela, Sudan, Pakistan, and India. Tata built a hydroelectricity plant in
India’s Western Ghats around the beginning of the twentieth century. When the
Bhakra-Nangal hydro project was finished after independence, a huge step
was made. After that, several dams were constructed. India has the capacity to
produce roughly 84,000 MW of electricity from hydropower. Sources used up until
this point total 15,000 MW. Increased hydropower development has mostly as
a result of opposition from the general populace. The population is displaced
and many species’ habitats are destroyed as a result of the dams, which result
in a sizable body of water. In addition, silt deposits cause the depth of the water
reservoir behind the dam to keep declining. Dredging operations are challenging
and expensive to remove the silt. The preference is for small hydro plants over
huge ones. Few kilowatt of power are produced by the small plants, which can
be enough for a limited area. The best locations for small hydro plants are rivers
that flow through steep terrain, such as those in the Indian Himalayan regions.
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2,726 TWh were consumed globally in 2000. Despite being the top consumers of
hydroelectricity—together using 43% of it—Canada, Brazil, the United States, and
China produced roughly 99% of it, and Brazil used it for 87% of its needs. 65% of
the hydroelectricity produced worldwide is consumed by industrialized nations.
The usage of hydroelectricity is expected to reach 4,000 TWh/year by 2020, with
developing countries contributing 800 TWh/year and developed nations providing
600 TWh/year. By 2020, the gap in per capita consumption will widen while the
disparity in hydroelectricity generation between industrialized and developing
countries will close. Recent years have seen extensive hydroelectricity generation
facility construction in Central Asia, South America-Caribbean, Sub-Saharan
Africa, and South Asia. It is concerning to note that despite the installation of
5,738 TWh/year hydro capacity in 1997, the amount of power produced from this
source was only 2,600 TWh/year, representing a capacity loss of 55% [5].

1.1.5 Nuclear Energy

Contrary to popular assumption, nuclear energy offers a cleaner kind of energy.
It does not cause the greenhouse effect and does not release airborne particles.
Nuclear fuel requires significantly less of it to create the same quantity of energy
than any fossil fuel, and its delivery generates much less air pollution. A nuclear
power plant costs less than a power plant using renewable energy sources (RES),
but it is still more expensive than any other type of thermal power plant. The issue
with nuclear power, however, is that it is not widely accepted because of the
widespread belief that these plants are a source of lethal nuclear radiation and
that the risk will continue to exist due to nuclear waste from spent fuel.

Although it was the United States that encouraged nations like Japan and France
to rely on nuclear electricity, the public perception has generally been influenced
by the United States’ policy of abandoning the nuclear pathway for electricity in
light of widespread public sentiment against nuclear power. Then, in the collective
unconscious, there is a mental association between nuclear energy and the atomic
bomb, which decimated the two cities of Japan and tragically brought an end to
World War II. The concept that terrorists could obtain nuclear weapons and use
them against any group of people has mainly been propagated to the American
public. As a result, they are opposed to using nuclear energy altogether.

The Japanese were keen not to fall behind in this technology as the world
was on the verge of a post-World War II economic and industrial rebirth. The
research and technology organization in Japan was granted a $1.88 billion
budget to begin with. In 1970, the first industrial power plant started operating.
Currently, Japan’s 41 commercial reactors provide 33,000 MW of electrical power
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or roughly 27% of the nation’s power needs. The United Kingdom sold Japan
its initial gas-cooled, graphite-moderated nuclear reactor. The Japanese were
the first to import pressurized water reactor (PWR) and boiling water reactor
(BWR) designs when Westinghouse and General Electric of the United States
offered them. Then, under license, General Electric and Westinghouse began
producing them. Although it was first done for show, Japan now sees nuclear
energy as essential because it imports 80% of its energy in the form of Chinese coal
and Middle Eastern oil. In terms of global electricity consumption per person,
Japan ranks fourth.

The French government may have felt the need to create its Atomic Energy
Commission (CEA) as soon as the war ended in 1945 due to a lack of energy sup-
plies. Unfortunately, they focused more on developing bombs than nuclear
electricity, returning to it only after the test nuclear device explosion in 1960.
At that time, three gas-graphite commercial nuclear reactors and one PWR
were also being built. The public, bureaucrats, and politicians all put up a lot of
resistance against Electricité de France (EDF) and CEA. After French President
Giscard d’Estaing proclaimed that nuclear electricity was the government’s policy
in 1977, the way toward nuclear energy became apparent. In the late 1970s,
several plants were established. In France, nuclear energy produces 75% of the
nation’s electricity. France has 54 reactors that generate 63,000 MW of power or
4,931 kWh of electricity per person. With 2,265 kWh/person in the United States
and 1,450 kWh/person in Japan, this is a highly favorable comparison. France
has created reprocessing facilities for old nuclear fuel that are used by numerous
European nations as well as Japan. Finland, Norway, and Germany have made the
decision to reduce their nuclear electricity production. Germany is of the opinion
that it can rely on renewable energy. A German politician said that if Germany
couldn’t create all the energy it required, it would import it from France. Under
the direction of Prime Minister Jawaharlal Nehru and Homi Bhabha, India’s CEA
was created in 1948, marking the country’s entry into this field. The commission,
which is currently known as the Bhabha Atomic Research Centre (BARC),
has conducted research and development in the field of nuclear science and
engineering. In 1969, Tarapur’s nuclear power station, built by General Electric,
began to run. In 14 plants, it currently generates 2,700 MW of electrical power.
By 2020, this is anticipated to rise to 20,000 MW. The issue is that India only
has very limited access to the primary uranium-containing mineral, despite the
possibility of using thorium, which is more frequently available. Success will be
based on how well thorium is used as a nuclear fuel. Meanwhile, India must rely
on alternative fuel sources, and agreement with the United States has turned into
a political problem. Nevertheless, it is preferable for the government to support
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a nuclear program for producing electricity. Universities and laboratories should
encourage research. India’s preference for nuclear power has the dual benefits of
generating revenue and preventing the combustion of fossil fuels, which is the
main contributor to the greenhouse effect and climate change. We could maintain
our environment cleaner by not producing carbon dioxide, sulfur dioxide, nitrous
oxide, and particulate matter.

India now generates 1,650 MW of power from its 17 reactors, which have
a combined capacity of 4,120 MW. Due to an unstable and insufficient fuel
supply, these reactors are not being operated to their maximum potential. India
continues to rely on coal for electricity, which is quite harmful in terms of GHG,
air pollutants, and particle matter. 55% of Indian electricity comes from coal,
and if RES choices like solar, biomass, wind, and hydro and nuclear electricity
do not become available, that percentage will rise in the future. Even if sufficient
fuel supplies are guaranteed, meticulous calculations by the BARC limit nuclear
electricity to 10,000 MW, despite highly optimistic forecasts that position the con-
tribution from the nuclear source at 40,000 MW by 2020. Even without assistance
from any other nation, the administration intends to add electricity-generating
facilities with greater capacity. Continuing examples include the work of two units
each of 220 and 1,000 MW located at Rawatbhata, Kaiga, and Koondankulam,
respectively. Although the economy of scale may encourage larger size units, it
will be best to keep the unit size small, approximately 220 MW will be better to
prevent severe power shortages in case of failure. India’s business community
has begun making plans to switch to nuclear power. Negotiations between
Reliance Power and top nuclear power companies abroad have already begun.
The business is looking to join forces in strategic alliances. After the nuclear
electricity business is opened to private investment, Tata Power, another energy
behemoth in the private sector, aims to either go alone or in a joint venture. Tata
Power intends to make a Rs. 12,000 crore initial investment. A major producer
of power equipment in the nation, Bharat Heavy Electricals (BHEL), intends to
spend Rs. 1 lakh crores over the next five years to enhance its nuclear power
infrastructure. The manufacturing behemoth Larsen and Toubro (L&T) also
intends to manufacture nuclear equipment. A total of 40 businesses, including
Videocon and the Sajjan Jindal Group, are in negotiations to work together
on a 2 lakh crore rupee investment. Delegations from Nuclear Supplier Group
(NSG) nations have begun to visit India to investigate the market for nuclear
electricity. The NSG waiver has raised stock prices for many companies and
generally cheered up the stock market. All of these ambitions, however, are
subject to the successful conclusion of an Indo-American nuclear agreement.
Figure 1.1 depicts India’s power generation across the nation, while Figure 1.2
provides a visual representation of the country’s installed capacity [6].



