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ABSTRACT
Energy consumption is on increase and the fossil fuels cannot last for ever. Today,

the development scale of any country is measured by few parameters among which per
capita energy consumption holds the most significant rank. Extensive fossil fuel consumption
by human beings has led to some undesirable phenomena such as atmospheric and
environmental pollutions. Consequently, global warming, greenhouse affect, climate change,
ozone layer depletion and acid rain terminologies started to appear in the literature frequently1.
There is an intimate connection between energy, the environment and sustainable
development. A society seeking sustainable development ideally must utilize only eco-
friendly resources. Increased energy efficiency is only partly helpful in overcoming the
concerns regarding the limitations imposed on sustainable development by environmental
emissions and atmospheric pollution. Clearly, a strong relation exists between energy
efficiency and environmental impact since, for the same services or products, less resource
utilization and pollution is normally associated with increased energy efficiency2. Global
warming is on rise and ozone layer is depleting at a very fast rate. Ecological balance of the
nature is under tremendous threat. Hence the sustenance of energy production has to be
gradually become dependent on inexhaustible and clean sources of energy. This is where
renewable energy assumes considerable importance. The demand of clean energy is
increasing. Among renewable energy sources, solar energy tops the list due to its abundance,
and more evenly distribution in nature than any other renewable energy types such as wind,
geothermal, hydro, wave and tidal energies. Solar radiation is an integral part of different
renewable energy sources. Sun is the inexhaustible source of energy and continuous supplier
of solar radiation which provides stability to earth and links each livings species to it1. The
present paper explores :  (i) Discussion about the potential of solar energy for future uses as
the major alternative among the renewable energy sources (ii) Applications of solar energy
in terms of low and high temperature collectors (iii) Efficiency improvement of flat plate
collectors (solar air heaters) using artificial roughness is given with future research directions
(iv) Sustainable development through efficient solar air heaters.

Key Words : Solar energy, Sustainable development, Environment, Solar air heaters,
Artificial roughness, Heat transfer, Efficiency.
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INTRODUCTION
India is now one of the fastest developing

countries of world .The economy is diverse and
encompasses amongst others agriculture,

handicrafts, textile, manufacturing, heavy
engineering and a multitude of services. Energy
is the prime mover of this development. The
per capita energy consumption is one of the
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lowest in the world. India needs to increase its
primary energy supply by three to four times
and electricity generation capacity by about six
times by 2031-2032 to keep pace with the
overall development of the society and to
sustain an economic growth rate of around 8
to 10 percent. India is a country in the solar
zone and an ideal region for utilizing solar energy
both through solar thermal and photovoltaic
route. With the present technological
development and further future prospects, solar
energy can therefore be considered as a
potential primary energy supply for the country.

The other important factors that focus the
attention on solar energy include increasing cost
of conventional energy, the growing uncertainty
of their availability and environmental concerns.
Also it is to be noted that a significant portion
of the energy demand of the country is for
meeting thermal energy requirements .The
geographic latitude , the high incidence of solar
radiation and the demand pattern of energy
for many essential services provide the
necessary conditions for meeting this thermal
energy needs through solar thermal
applications3.

Solar thermal device Purpose 

Solar water heater 
For producing hot water up to 80°C by employing flat plate collectors or 
evacuated tube collectors. Includes storage tank. 

Box type solar cooker 
Converts solar energy to thermal energy at a temperature of around 
140°C for cooking mainly boiling. 

Concentrating solar 
cooker 

Focuses concentrated solar energy onto cooking pot to produce around 
250° for cooking of all kinds of food. 

Solar still To distill or desalinate water by solar energy. 

Solar air heater 
Produces solar heated air through suitable collectors up to around 60°C 
for drying or space heating  

Solar dryer Of various configurations and sizes for drying applications. 

Solar timber kiln A special design for accelerated seasoning of timber by solar energy. 

 

Table1 : Solar thermal technologies for large scale dissemination

METHODOLOGY
Solar thermal collectors are now being

widely used in a number of countries. The
collector area installed for water heating
worldwide by the end of 2006 is around 150,000
million m2. Various technologies being used
include flat plate collectors both glazed and
unglazed, and also evacuated water tube
collectors .In our country the total installation
so far is around 2 million m2.In our country

considering the plant load factor and
transmission and distribution losses of
conventional power plants, it has been estimated
that installation of a 100 litre solar hot water
system is equivalent to putting up a 400 watt
power plant. The annual energy saving from a
100 litre water heater has been found to be
1500 units of electricity.1000 systems installed
in an urban conglomeration can reduce utility
power load by 1MW.Solar heated air can be
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used as a supplemental source for space
heating during winter and industrial process
heat. Industrial process heat is a large energy-
consuming sector in the country. Table 2 shows

the temperatures, which are required for
various processes up to 250°C in different
industries.

Table 2 : Process heat requirement

Industry Process Temperature °C 

Drying 30-90 

Washing 40-80 

Pasteurizing 80-110 

Boiling 95-105 

Sterilizing 140-150 

Food and Beverages 

Heat treatment 40-60 

Washing  40-80 

Bleaching 60-100 Textile industry 

Dyeing 100-160 

Boiling 95-105 

Distilling 110-300 Chemical industry 

Various chemical processes 120-180 

Paper industry Process heat, drying 110-150 

Refrigeration Absorption chiller 95-120 

All sectors Preheating of boiler feed water 30-100 

 
When we consider the international

scenario and compare the solar collector area
installed per 1000 persons, the figure in India is
extremely low than the same in many other
countries (Fig. 3). An estimate worked out has
indicated the potential to be 140 million m2.The
solar thermal technologies so far developed and
demonstrated in the country, systems and
processes for water heating ,air heating,
process heat and solar buildings have reached
a certain stage of maturity and are now
economically competitive when compared to
their conventional counterparts. A break up of
sector-wise energy consumption of India (based
on 2003-04 data) is given in Fig. 1.The break-
up of electricity consumption in residential
buildings is reflected in Fig. 2 solar thermal

power generation has also attracted attention
worldwide as a feasible technology for
production of electricity by 2030.India being in
the solar belt is a potential site for adopting
this technology3.

When we consider the international
scenario and compare the solar collector area
installed per 1000 persons, the figure in India
is extremely low than the same in many other
countries (Fig. 3). An estimate worked out
has indicated the potential to be 140 million
m2.The solar thermal technologies so far
developed and demonstrated in the country,
systems and processes for water heating ,air
heating, process heat and solar buildings have
reached a certain stage of maturity and are
now economically competitive when compared
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Fig. 1 : Energy consumption in India 2003-04

Fig. 2 : Electricity Consupmtion in Residential Buildings

Fig. 3 : Solar Collector area per 100 persons

 

Fig.3.Solar Collector area per 1000 persons Fig.4.The technology landscape for solar therma
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to their conventional counterparts. A break up
of sector-wise energy consumption of India
(based on 2003-04 data) is given in Fig.1.The
break-up of electricity consumption in residential
buildings is reflected in Fig. 2 solar thermal
power generation has also attracted attention
worldwide as a feasible technology for
production of electricity by 2030.India being in
the solar belt is a potential site for adopting this
technology3.
Solar thermal power

Solar thermal power is now considered
to be one of the strongest candidates of
renewable power in future. Solar thermal
power generating systems use concentrating
solar thermal collectors that collect the solar
heat and provide the thermal energy for
generation of electricity through a
thermodynamic process. In India also several
systems of different configurations have been
installed for performance evaluation under
various climatic conditions .The technology
landscape includes parabolic trough collectors,
linear Fresnel collectors, central receiver
systems, and dish technologies (Fig. 4.).The
capacity of solar thermal power plants can be
from 100 kW to 100 MW. Power plants have
also been developed with storage that can keep
it operative during non-sunny hours3.

Applications of solar energy (Low and
high temperature applications)

Solar energy can be used by three tech-
nological processes namely (i) heliochemical
(ii) helioelectrical (iii) heliothermal. Helio-
chemical processes, through photosynthesis,
maintains life on earth by producing food and
converting CO

2
 to O

2
.Helioelectrical process,

using photovoltaic converters ,provides power
for spacecraft and is used in many terrestrial
applications. Heliothermal process can be used
to provide much of the thermal energy required
for solar water heating and building heating.
The most important part of the system is the
collector. A solar collector is a special kind of
heat exchanger, which collects solar radiant
energy, and transfers it to a fluid- usually wa-
ter or air. It converts solar radiation to thermal
energy of fluid and delivers the heated fluid for
use.
Classification of solar collectors

Among the flat plate collectors liquid flat
plate collectors are mostly used for domestic
water heating whereas air collectors are mainly
used for space heating only (Fig. 5). These
types of collectors are connected with
photovoltaic panel for producing both heat and
electricity. Flat plate collectors (Fig. 6) utilize
both beam and diffuse radiation and their

Fig. 4. The technology landscape for solar thermal power generation.


