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Abstract- This paper starts with the introduction of energy
scenario in India and realising the huge potential of Solar
Concentrated Power to fill in the deficit. Further, we have
mentioned some of the government initiatives to promote the
solar concentrated power. Continuing with the basic discussion
on the various types of solar thermal techniques such as Flat
Plate Collector, Cylindrical Trough Concentrator, Parabolic
Trough, Parabolic Dish Reflector, Compound Parabolic
Concentrator, Fresnel Concentrator, Hemispherical Bowl
Mirror Concentrator, Tower Receiver and there application.
We have also listed some of the large scale application of
Concentrated Solar Energy by private institutions and
industry. We have also tried to point out the reason for low
confidence of masses in the Solar Energy sector and also
pointed out the advantages of the solar energy use for rural
areas. As solar energy can have wide range of applications and
India have ample amount of solar irradiance we must try and
utilize this source to maximum extent and thereby reduce our
dependence on the fossil based energy resources at least during
the day time or sunshine hours.
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I. INTRODUCTION

he demand for power is increasing day by day. It’s a

high time we should stop our dependence on the
conventional sources of energy and adopt renewable sources
of energy to meet our energy demands. The emission of
Carbon dioxide (CO,) is almost unstoppable as a result of
dependence on conventional sources of energy. Hence using
fossil fuels is directly related to the rising environmental
problems [1].1t can be estimated that with the increasing
concentration of CO, the earth can get warmer by (1-5°C)
with the advent of the next century [2].The oil crisis of 1973
and the rising environmental concerns attributed to the use
of fossil fuels have resulted in certain outstanding efforts in
adopting alternative energy sources [4]. India has a
tremendous potential for solar power. A $6 billion to $7
billion capital equipment market for grid-connected solar
generators is estimated [5]. In a typical Indian scenario,
where there is a tremendous increase in the population in the
cities, a need arises to develop clean energy technologies

and innovations have to be adopted to ensure the healthier
habitat for this population [3].

I1. REALISING THE POTENTIAL OF NON-
CONVENTIONAL ENERGY SOURCES

The importance of renewable energy sources was realized in
March, 1981, when the government of India made a
Commission for Additional Sources of Energy (CASE) in
the Department of Science and Technology. In 1982, CASE
was taken under the Department of Non-Conventional
Energy Sources (DNES), Ministry of Energy. IREDA
(Indian Renewable Energy Development Agency Ltd.) got
established in 1987. The DNES was converted to MNES
(Ministry of Non- Conventional Energy Sources) in 1992.
Finally in 2006 the ministry was named as the Ministry of
New and Renewable Energy (MNRE) [4].

2.1 Focus on deployment of Solar Power

The Jawaharlal Nehru National Solar Mission (JNNSM)
which was launched in Januray,2010 has set the target of
generating 20,000 MW of grid connected solar power by
2022 and also aimed at reducing the cost for the generation
of solar power in the country through long term policy,
large scale deployment goals, aggressive R&D, domestic
production of critical raw materials, components and
products, as a result to achieve grid tariff parity by 2022
[6].With the current pace of progress INNSM will be able to
achieve this objective and transform India into a green and
solar powered Nation.

[11. SOLAR THERMAL TECHNOLOGIES

Solar power has a low density per unit area (1KW/sg. to 0.1
Kwi/sg.m.), therefore requires a large ground area by the
collectors to harness it [4]. The collectors can be
concentrating type or non-concentrating type. In the present
discussion we will focus on the concentrated types of solar
collectors.
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3.1 Flat Plate Collector

A flat-plate collector(Figure 1) is a heat exchanger device
which converts Solar radiation energy to Thermal energy by
absorbing energised radiation from a distant object (Sun)
and delivering heat to fluid (Air , Gas , Water etc.). Flat
plate collector absorbs both direct and diffuse radiation, has
very low maintenance and no sun tracking is required.
Temperatures of around 80°C to 100°C can be achieved
using this type of solar collector. [19]
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Figure 1: A cross-section of the flat plate collector showing inlet and outlet
flow of liquid

Image source: www.powerfromthesun.net

Applications: Flat plate collector can be used for space
heating applications by using air heaters, can be used for
heating water for various purposes, Source of Heat for low
temperature applications.

3.2 Modified Flat Plate Collector

A flat-plate collector can be modified by incorporating
plane reflectors at the edge of the flat plate collector so that
the additional radiation can be reflected into the receiver [4].
This type of arrangement increases the concentration of
solar radiation. The plane reflectors (mirrors) are also called
booster mirrors. A modified flat plate collector is shown in
Figure 2. The concentration ratio so obtained has a
maximum value of 4.
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Figure 2 : A modified flat plate collector to increase the concentration ratio
is shown.

Image source: www.powerfromthesun.net

Applications: Modified flat plate collectors can be used for
water heating applications, grain and vegetable drying
purposes to reduce the moisture content and for space
heating applications with incorporation of rock-bed storage.

3.3 Cylindrical Trough Concentrator (CTC)

It CTC(Figure 3) is a cylindrical trough with spherical
profile reflector is very similar to Parabolic Trough with a
metal tube (blackened) receiver placed at its focal line.
These types of concentrators can be rotated about an axis
to track the sun. The black coating of the tube increases
the absorption. However after the development of the
parabolic concentrators the use of spherical concentrator is
reduced as with same space parabolic concentrators can
deliver more energy and temperature. The concentration
ratio ranges from 5-25.

Figure 3: Cylindrical Trough Concentrator
Image source: www.powerfromthesun.net
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Applications: This technology can be used for water
purification, steam generation purposes and solar chemistry.

3.4 Parabolic Trough

It is the most employed concentrated technology accounting
a major share in the CSTs [7]. This technology(Figure 4) is
based on the fact that when sun rays falls on the parabolic
mirrors they are directed towards the receiver placed at the
focal line. The receivers have a special coating ensuring
maximum energy absorption and minimum infrared re-
radiation. The heat produced in the receiver carried by the
heat transfer fluid which is transferred to the steam
generator producing steam which runs the turbine. Single
axis tracking of the sun in sufficient thereby producing long
collector modules [8] .The temperature of around 400°C can
be produced with this technology [10].

Figure 4: Parabolic Trough

Image source: www.powerfromthesun.net

Applications: Parabolic trough can be used for desalination,
water purification and steam generation purposes [22].

3.5 Parabolic Dish Reflector

It has a point focus and tracks the sun in two axes,
concentrating the solar energy at the focal point. The
receiver placed at the focal point stores the thermal energy
which is absorbed by the heat transfer fluid. The
temperatures of around 1500°C can be achieved with this
arrangement(Figure 5) [9]. The concentration ratio is in the
range of 600-2000[8].

URSI ISSN 2321 - 2705

Figure 5: A dual-axis parabolic dish reflector is shown.

Image source: www.powerfromthesun.net

Applications: On the account of high temperature produced,
parabolic dish can be used for power generation, cooking,
high temperature water for laundry, solar furnaces and
desalination purposes.

3.6 Compound Parabolic Concentrator

The booster mirrors in case of a modified flat plate
collectors are replace by parabolic mirrors in this case as
shown in Figure 6. These mirror segments are oriented such
that the focus of one segment lies at the base of the other
segment which is in contact with the receiver. The
acceptance angle is large for this arrangement. With this
type of arrangement the rays which falls in the central
region reaches the absorber directly whereas those falling
near the edges wundergo certain reflections. The
concentration ratio that can be achieved ranges from 3-7[4].
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Figure 6: Compound Parabolic Concentrator

Image source: www.powerfromthesun.net
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Applications: It has applications in integrated collector
storage, direct circulation, indirect water heating systems,
heat pumps, absorption systems and solar chemistry
systems [21].

3.7 Fixed Mirror Solar Concentrator

There is a practical difficulty in manufacturing a large
cylindrical parabolic shape mirror, therefore long narrow
mirror strips are used in this type of concentrator(Figure 7).
These mirror strips are arranged on a circular reference
cylinder while the receiver tube is tracked. The receiver tube
rotates about the centre of curvature of the reflector module
to track the sun. The concentration ratio is approximately
equal to the number of mirror strips [4].
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Figure 7: Fixed Mirror Solar Concentrator

Image source: www.powerfromthesun.net

Applications: This technology finds use in water heating,
drying and space heating requirements.

3.8 Fresnel Concentrator
3.8.1 Linear Fresnel lens Refractor

This type of collector(Figure 8.1) consists of fine, linear
grooves on the surface of a refractory material (generally
optical quality plastic) on one side and flat on the other side.
The angle of the groove is such that it behaves similar to a
spherical lens. Temperature ranges between 150°C to 300°C
with a concentration ratio of 10 to 30. The incident radiation
is converged to a focal line where a receiver tube is
provided [4].
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Figure 8.1: Linear Fresnel Lens Refractor in two different views

Image source: www.powerfromthesun.net

3.8.2 Linear Fresnel Mirror Reflector

This type of concentrator as shown in Figure 8.2 is an array
of linear mirror strips which have a same focus and
concentrate light on to a fixed receiver mounted on a tower,
large absorbers can be constructed as absorbers are
generally stationary. However the reflectors are moving
about its linear axis to focus the sunlight to the fixed
absorber. The greatest advantage of this type of system is
that it uses flat or elastically curved reflectors which are
cheaper compared to parabolic glass reflectors [21].

Additionally, these are mounted close to the ground, thus
minimizing structural requirements. The first to apply this
principle was the great solar pioneer Giorgio Francia[20]
who developed both linear and two-axis tracking Fresnel
reflector systems at Genoa, Italy in the 60s.
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Figure 8.2: Linear Fresnel Mirror Reflector
3.8.3 Circular Fresnel lens Concentrator

These lenses are used where high flux is required, such as
with silicon solar cells or with gallium arsenide solar cells.
The Fresnel lens here is divided into thin circular zones. The
tilt of each zone is adjusted to make the lens approximately
a spherical one. The concentration ratio of 2000 can be
achieved.
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Applications: Fresnel reflector can be used for various
thermal applications including power generation by steam
and solar chemistry systems [21].

3.9 Hemispherical Bowl Mirror Concentrator

It is an example of linear focal optics and uses two-axes
tracking. In this arrangement hemispherical bowl is fixed
while the receiver tracks [11]. The rays entering the
hemisphere crosses the paraxial line after the reflection at a
point between the focus and the mirror surface. The
absorber is driven around a polar axis at a constant angular
speed or adjusted periodically(Figure 9).
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Figure 9: A two-axes Hemispherical Bowl Mirror Concentrator

Image source: [11]

Applications: This technology has applications in cooking,
process heat and solar drying purposes.

3.10 Tower Receiver

A tower receiver (Figure 10) or a solar power tower has an
arrangement of heliostats (dual-axes tracking reflectors)
which are used to concentrate the rays falling on them to the
top of a tower. The temperature generated at the receiver is
500°C to 1000°C in which working fluid is used as a heat
source for power generation or for storage systems [12].
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Figure 10 : Tower Receiver

Applications: Tower receiver has exclusive applications in
solar furnace and generating power by producing steam in
a solar power plant on the account of very high temperatures
.The waste heat from a solar power plant can be used to run
a solar desalination process.

3.11 Dish Stirling

Dish Stirling(Figure 11) has a large reflective dish to
concentrate the incoming solar radiation at the focal point of
the reflector. It also uses a two-axes tracking system. The
working fluid in the receiver has a temperature between
250°C to 700°C and is used by Stirling engine for the
generation of power [12].Dish Stirling has the highest
efficiency of all the solar technologies available. It has an
efficiency of 30% compared to 15% efficiency of solar
photovoltaic [13].
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Applications: The Stirling engine has many applications
from heating and cooling to underwater power systems. A
Stirling engine can function in reverse as a heat pump for
heating or cooling. Other uses include: combined heat and
power, solar power generation, Stirling cryo-coolers, heat
pump, marine engines, and low temperature difference
engines.

3.12 Enclosed Trough

An enclosed trough consists of a solar thermal system
within a greenhouse-like glasshouse. The purpose of the
glasshouse is to make sure that the solar thermal system is
from negative impacts and its efficiency is not effected [14].
Curved shaped reflecting mirrors are used which are
suspended by wires from the ceiling. A single axis tracking
system is used and the sunlight is concentrated on a network
of steel pipes which are also suspended from the glasshouse
structure [15]. Water is made to flow through these pipes to
produce steam. Creating a protecting environment helps the
mirror from the effects of wind and higher temperature is
achieved with prevention from dust deposits on the mirrors
[14].

Applications: These systems have applications in the
process heat requirement and power generation purposes.

IV. INTEGRATION OF CST WITH OTHER
TECHNOLOGIES

4.1 Concentrated Solar Thermoelectricity Generation

It is a well-known fact that when junctions between two
dissimilar metals and exposed to different temperatures they
can deflect a compass [16]. In other words a potential differ
an electric potential is set up and a current flows if the
closed circuit. This Seebeck effect can be initiated by using
a concentrating mirror arrangement which directs the
incoming solar radiation at a fixed point where we want to
make the junction hot for a given pair of metals [18]. Thus a
suitable temperature difference can be generated which
further creates the potential difference across the junction.

4.2 Solar Vapour Compression Refrigeration

The compressor of an air-conditioner raises the temperature
of the refrigerant fluid. If a concentrator is incorporated with
the existing vapour compression system, the rays falling on
the solar concentrator can be used to provide a portion of the
temperature increase thereby reducing the workload on the
compressor considerably. This will enable the system to
consume less electricity.

V. CONCENTRATED SOLAR THERMAL (CST) iN
INDIA

India has an immense potential of solar energy. A fairly
large amount of fossil fuels, especially electricity & fuel oil
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are being consumed for process heat, space cooling and
various other thermal applications. In the majority of the
cases, heat is required in the form of high pressure
steam/air/oil between 90°C to 350°C.

Solar water heating is a well-established technology and is
used exclusively but is limited to the temperature of 90°C.

Whereas CST can provide temperatures in the range of
100°C to 450°C [17].

5.1 Status of CST Technology

In India there are mainly three types of CSTs.

i) Dish Solar Cooker to cook food for 10 to 40 people
which are manually tracked.
i) Fixed focus E-W automatically tracked elliptical

dishes (Scheffler) for direct indoor cooking for about 50 to
100 people and generation of steam for laundry, space
cooling of any capacity.

iii) Fully tracked dual-axes Fresnel dishes.

All the above mentioned technologies are in operation with
the support of MNRE in the recent past years.

5.2 Large Scale Applications at Present

° For cooking food: The system consists of 73 fixed
focus single axis automatically tracked elliptical dishes,
each of 16 sg.m. area and generates about 3500 kg of steam
per day to prepare food for hundreds and thousands of
people in the community Kkitchens at the institutional
canteens and religious centres. It is the world’s largest solar
concentrating system at Shirdi, Maharashtra which makes
food for 20,000 people per day. The plant was
commissioned in July, 2007. This system saves around 263
kg of LPG per day.

. For Industrial Application: Another big CST
system is installed at Hindustan Products Ltd., Faridabad,
Haryana which consists of 20 parabolic dishes 16 sq.m. each
and is able to produce 0.4-0.45 million kcal of heat per day
and is used for vulcanization of cables. The vulcanization is
done by dipping the cable-core for 18-24 hours in a heated
tank with a maintained temperature of 85°C.

. For Heat Ventilation & Air Conditioning (HVAC):
Integration of CST with vapour absorption machines
(VAM) is also done now-a-days primarily in the areas
where power cuts are high or the electricity rates are
expensive. One of the 213 Ton Refrigeration (TR) system is
at Civil Hospital, Thane with a combination of 160 TR with
VAM and 52 TR through liquid desiccant, each of 13.5
sg.m. area. As it is a coastal region, the combined VAM and
the desiccant system makes it economic as the desiccant
system firstly dehumidifies the moist air which is further
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cooled using VAM. The system has been integrated with a
briquette fuelled biomass boiler which runs 24x7. Various
other examples of solar cooling include 100 TR AC plant at
Muni Seva Ashram, Vadodara, 92 TR systems at TVS,
Suzuki factory near Chennai, 50 TR systems at NTPC,
Noida [17].

V1. SAVING OF FUEL WIiTH THE PRESENT CST
INSTALLATION

Total of 144 steam generating systems have been installed
so far with a cumulative figure of 28,000 sg.m. of dish area,
23 systems with 8100 sq.m. of CST area are at execution
stage (figures till September, 2013). For instance a 100
sg.m. System can save 5,000 to 10,000 litres of diesel per
year and 600 to 1200 LPG cylinders per year depending on
the type of technology used and availability of DNI (Direct
Normal Irradiance). If it is assumed to be 80% functional, it
can be inferred that about 18 lakh litres of fuel oil would
have been saved per year from CST installation. Besides this
a lot of GHG (Green House Gas) load will be reduced
touching 8500 tons per year [17].

VIl. CST TECHNOLOGY ASPECTS OBSERVED:

Limitations: Lack of awareness about the technology,
problems in large-scale promotion of CSTs, deficiency of
information on successful projects, fool-proof technology,
requirement of large space, performance data on CSTs with
varying DNI is not available, high input cost, long gestation
periods and inconsistent performance on small scale level
are the major reasons for the low confidence about solar
power among the masses. Efforts are required to promote
CST on a bigger scale and technological advancements are
needed to overcome the existing difficulties.

Advantages: However there are many limitations to the
technology even then the solar power is proving to be boon
for the rural applications and standalone system for
powering far flung rural areas where grid connectivity is
still a far cry, supply of LPG cylinders is very low. Various
CSR activities have promoted the use of solar power for
providing power through Solar Power.

VIII. CONCLUSION

It is very important to understand the technologies discussed
in this paper so that we can employ them in practical use. It
should be realized that the increasing demand for power can
be met with the above discussed methods. In India some of
the technologies in this paper have been employed but many
are only at the research stage, so this work emphasizes the
use of these solar concentrating arrangements. Awareness
should be spread about their applications as we cannot
depend upon a single method for producing power through
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sun rather we need to have a holistic approach while
incorporating them.
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