
SOLAR THERMAL ENERGY
Introduction
The sun is the source of the vast majority of the energy we use on earth.  Most of the energy
we use has undergone various transformations before it is finally utilised, but it is also possible
to tap this source of solar energy as it arrives on the earth’s surface.

There are many applications for the direct use of solar thermal energy, space heating and
cooling, water heating, crop drying and solar cooking.  It is a technology which is well
understood and widely used in many countries throughout the world. Most solar thermal
technologies have been in existence in one form or another for centuries and have a well
established manufacturing base in most sun-rich developed countries.

The most common use for solar thermal technology is for domestic water heating.  Hundreds of
thousands of domestic hot water systems are in use throughout the world, especially in areas
such as the Mediterranean and Australia where there is high solar insolation (the total energy
per unit area received from the sun). As world oil prices vary, it is a technology which is rapidly
gaining acceptance as an energy saving measure in both domestic and commercial water
heating applications. Presently, domestic water heaters are usually only found amongst
wealthier sections of the community in developing countries.

Other technologies exist which take advantage of the >free energy provided by the sun. Water
heating technologies are usually referred to as active solar technologies, whereas other
technologies, such as space heating or cooling, which passively absorb the energy of the sun
and have no moving components, are referred to as passive solar technologies.

More sophisticated solar technologies exist for providing power for electricity generation.  We
will look at these briefly later in this fact sheet.

Technical
The nature and availability of solar radiation
Solar radiation arrives on the surface of the earth at a maximum power density of
approximately 1 kilowatt per metre squared (kWm-2).  The actual usable radiation component
varies depending on geographical location, cloud cover, hours of sunlight each day, etc. In
reality, the solar flux density (same as power density) varies between 250 and 2500 kilowatt
hours per metre squared per year (kWhm-2 per year).  As might be expected the total solar
radiation is highest at the equator, especially in sunny, desert areas.

Solar radiation arrives at the earth’s outer atmosphere in the form of a direct beam. This light is
then partially scattered by cloud, smog, dust or other atmospheric phenomenon (see Figure 1
below). We therefore receive solar radiation either as direct radiation or scattered or diffuse
radiation, the ratio depending on the atmospheric conditions.  Both direct and diffuse
components of radiation are useful, the only distinction between the two being that diffuse
radiation cannot be concentrated for use.
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Figure 1: Direct and Diffuse Solar Radiation

Solar radiation arriving from the sun reaches the earth’s surface as short wave radiation. All of
the energy arriving from the sun is eventually re-radiated into deep space - otherwise the
temperature of the earth would be constantly increasing. This heat is radiated away from the
earth as long-wave radiation. The art of extracting the power from the solar energy source is
based around the principle of capturing the short wave radiation and preventing it from being re-
radiated directly to the atmosphere. Glass and other selective surfaces are used to achieve
this. Glass has the ability to allow the passage of short wave radiation whilst preventing heat
from being radiated in the form of long wave radiation. For storage of this trapped heat, a liquid
or solid with a high thermal mass is employed.  In a water heating system this will be the fluid
that runs through the collector, whereas in a building the walls will act as the thermal mass.
Pools or lakes are sometimes used for seasonal storage of heat.

The geometry of the earth and sun
The earth revolves around the sun with its axis tilted at an angle of 23.5 degrees.  It is this tilt
that gives rise to the seasons.  The strength of solar flux density is dependent upon the angle
at which it strikes the earth’s surface, and so, as this angle changes during the yearly cycle,
so the solar insolation changes.  Thus, in northern countries, in the depths of winter, where the
sun is low in the sky to the south, the radiation strikes the earth’s surface obliquely and solar
gain (solar yield) is low.

If this energy is being used to heat water by means of a collector panel, then the tilt and
orientation of this panel is critical to the level of solar gain and hence the increase in
temperature of the water.  The collector surface should be orientated toward the sun as much
as is possible.  Most solar water-heating collectors are fixed permanently to roofs of buildings
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and therefore cannot be adjusted.  More sophisticated systems for power generation use
tracking devices to follow the sun through the sky during the day.

There are many methods available for aiding system design and for predicting the performance
of a system. The variability of the solar resource is such that any accurate prediction lends
itself only to complex analytical techniques. Simpler techniques are available for more
rudimentary analysis. These techniques can be found in the relevant texts.

Solar Thermal Energy applications in LDCs
Water heating
Low temperature (below 100ºC) water heating is required in most countries of the world for both
domestic and commercial use.  There are a wide variety of solar water heaters available. The
simplest is a piece of black plastic pipe, filled with water, and laid in the sun for the water to
heat up. Simple solar water heaters usually comprise a series of pipes which are painted
black, sitting inside an insulated box fronted with a glass panel.  This is known as a solar
collector. The fluid to be heated passes through the collector and into a tank for storage. The
fluid can be cycled through the tank several times to raise the heat of the fluid to the required
temperature. There are two common simple configurations for such a system and they are
outlined below.

• The thermosyphon system makes use of the natural tendency of hot water to rise
above cold water. The tank in such a system is always placed above the top of the
collector and as water is heated in the collector it rises and is replaced by cold water
from the bottom of the tank. This cycle will continue until the temperature of the water
in the tank is equal to that of the panel. A one-way valve is usually fitted in the system
to prevent the reverse occurring at night when the temperature drops. As hot water is
drawn off for use, fresh cold water is fed into the system from the mains. As most
solar collectors are fitted on the roofs of houses, this system is not always convenient,
as it is difficult to site the tank above the collector, in which case the system will need
a pump to circulate the water.

 
• Pumped solar water heaters use a pumping device to drive the water through the

collector. The advantage of this system is that the storage tank can be sited below the
collector. The disadvantage of course is that electricity is required to drive the pump.
Often the fluid circulating in the collector will be treated with an anti-corrosive and /or
anti-freeze chemical. In this case a heat exchanger is required to transfer the heat to
the consumers hot water supply.

 
  Integrated systems combine the function of tank and collector to reduce cost and size.
 
 Collector technology has in recent years made great advances. State-of-the-art collectors are
manufactured from a variety of modern materials and are designed for optimal efficiency.
Evacuated tube collectors have the heat absorbing element placed within an evacuated glass
sheath to minimise losses. System complexity also varies depending on use.
 
 For commercial applications, banks of collectors are used to provide larger quantities of hot
water as required. Many such systems are in use at hospitals in developing countries.
 
 Solar cooking
 Solar cooking is a technology which has been given a lot of attention in recent years in
developing countries.  The basic design is that of a box with a glass cover (see Figure 2).  The
box is lined with insulation and a reflective surface is applied to concentrate the heat onto the
pots. The pots can be painted black to help with heat absorption.  The solar radiation raises
the temperature  sufficiently to boil the contents in the pots. Cooking time is often a lot slower
than conventional cooking stoves but there is no fuel cost.
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 Many variations have been developed on this theme but the main restriction has been one of
reducing costs sufficiently to permit widespread dissemination. The cooker also has limitations
in terms of only being effective during hours of strong sunlight. Another cooking stove is usually
required for the periods when there is cloud or  during the morning and evening hours. There
have been large, subsidised solar cooking stove dissemination programmes in India, Pakistan
and China.
 
 Crop drying
 Controlled drying is required for various crops and products, such as grain, coffee, tobacco,
fruits vegetables and fish. Their quality can be enhanced if the drying is properly carried out.
Solar thermal technology can be used to assist with the drying of such products. The main
principle of operation is to raise the heat of the product, which is usually held within a
compartment or box, while at the same time passing air through the compartment to remove
moisture. The flow of air is often promoted using the ‘stack’ effect which takes advantage of the
fact that hot air rises and can therefore be drawn upwards through a chimney, while drawing in
cooler air from below. Alternatively a fan can be used. The size and shape of the compartment
varies depending on the product and the scale of the drying system. Large systems can use
large barns while smaller systems may have a few trays in a small wooden housing.
 
 Solar crop drying technologies can help reduce environmental degradation caused by the use
of fuel wood or fossil fuels for crop drying and can also help to reduce the costs associated
with these fuels and hence the cost of the product.  Helping to improve and protect crops also
has beneficial effects on health and nutrition.
 

 

 Figure 2: Principles of Operation of the Solar Cooker
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 Space heating
 In colder areas of the world (including high altitude areas within the tropics) space heating is
often required during the winter months. Vast quantities of energy can be used to achieve this.
If buildings are carefully designed to take full advantage of the solar insolation which they
receive then much of the heating requirement can be met by solar gain alone. By incorporating
certain simple design principles a new dwelling can be made to be fuel efficient and
comfortable for habitation. The bulk of these technologies are architecture based and passive in
nature. The use of building materials with a high thermal mass (which stores heat), good
insulation and large glazed areas can increase a buildings capacity to capture and store heat
from the sun. Many technologies exist to assist with diurnal heating needs but seasonal
storage is more difficult and costly.
 
 For passive solar design to be effective certain guidelines should be followed:
 
• a building should have large areas of glazing facing the sun to maximise solar gain
• features should be included to regulate heat intake to prevent the building from

overheating
• a building should be of sufficient mass to allow heat storage for the required period
• contain features which promote the even distribution of heat throughout the building

One example of a simple passive space heating technology is the Trombe wall. A massive
black painted wall has a double glazed skin to prevent captured heat from escaping. The wall is
vented to allow the warm air to enter the room at high level and cool air to enter the cavity
between the wall and the glazing. Heat stored during the wall during the day is radiated into the
room during the night. This type of technology is useful in areas where the nights are cold but
the days are warm and sunny.

Space cooling
The majority of the worlds developing countries, however, lie within the tropics and have little
need of space heating. There is a demand, however, for space cooling. The majority of the
worlds warm-climate cultures have again developed traditional, simple, elegant techniques for
cooling their dwellings, often using effects promoted by passive solar phenomenon.

There are many methods for minimising heat gain. These include siting a building in shade or
near water, using vegetation or landscaping to direct wind into the building, good town planning
to optimise the prevailing wind and available shade. Buildings can be designed for a given
climate - domed roofs and thermally massive structures in hot arid climates, shuttered and
shaded windows to prevent heat gain, open structure bamboo housing in warm, humid areas. In
some countries dwellings are constructed underground and take advantage of the relatively low
and stable temperature of the surrounding ground.  There are as many options as there are
people.

Day-lighting
A simple and obvious use for solar energy is to provide light for use in buildings. Many modern
buildings, office blocks and commercial premises for example, are designed in such a way that
electric light has to be provided during the daytime to provide sufficient light for the activities
taking place within.  An obvious improvement would be to design buildings in such a way that
that the light of the sun can be used for this purpose. The energy savings are significant and
natural lighting is often preferred to artificial electric lighting.

Solar thermal power stations
There are two basic types of solar thermal power station.  The first is the ‘Power Tower’ design
which uses thousands of sun-tracking reflectors or heliostats to direct and concentrate solar
radiation onto a boiler located atop a tower.  The temperature in the boiler rises to 500 - 700EC
and the steam raised can be used to drive a turbine, which in turn drives an electricity
producing  turbine.
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The second type is the distributed collector system. This system uses a series of specially
designed ‘Trough’ collectors which have an absorber tube running along their length.  Large
arrays of these collectors are coupled to provide high temperature water for driving a steam
turbine.  Such power stations can produce many megawatts (MW) of electricity, but are
confined to areas where there is ample solar insolation.  Solar thermal power plants with a
generating capacity of 80 MW are functioning in the USA.

Other uses
There are many other uses for solar thermal technology. These include refrigeration, air
conditioning, solar stills and desalination of salt water and more.  More information on these
technologies is available in the relevant texts given in the reference section at the end of this
fact sheet.

Other Issues
Manufacture in developing countries
Many of the active solar technologies rely on sophisticated, exotic modern materials for their
manufacture.  This presents problems in developing countries where such materials have to be
imported.  Some countries do have a manufacturing base for solar thermal products but it is
often small by no means widespread throughout the world.  The market for solar products,
such as solar water heaters, is small and growing only slowly.

Solar passive technology, especially solar cooling, tends to be used traditionally in developing
countries.  Many technological advances have been made in design of ‘solar buildings’ in
developed countries during the last two decades but again the level of technology is often high
and expensive and out of reach for rural communities in developing countries.

Dissemination

Solar Cookers

One major factor in the adoption of solar cookers in Kenya is the degree to which the
technology can be used to undertake existing traditional cooking activities.  Of the people
interviewed in a review survey 90 % found the cooker to be too slow.  Fifty four per cent
complained that it could not cook their preferred dishes, and in many cases the cooker could
not cook enough for all the family members.  Sixty seven per cent has misgivings about leaving
their food or cooker unattended and so only used them when they were present to watch over
them.

In some areas where the solar box cooker is promoted there is a real scarcity of food and
people will not experiment with the little food that they have.  The cooker is seen as a very
expensive item by over 53% of the respondents, especially since it can only cook during the
day. In seven out of ten project areas visited firewood is freely available and there is little
incentive for people to buy or use the cooker.  Strong winds and dust disrupt solar cooking in
some areas, although this could be solved by making the cooker more robust.

Socio-economic factors appear to influence adoption more than the technical features of the
cooker.  The survey showed that choice of dissemination method or approach has affected
adoption.  This is true especially where the wrong choice of target group and area is made.

Source: Stephen Gitonga, ITDG East Africa, Kenya
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