efficiency cannot be improved. Too many surfaces and too much restriction to air flow
will require a larger fan and a larger amount of energy to push the air through. The energy
required for this cancels out saving from using solar energy, particularly if fan is electrical
and if the amount of energy which is burned at the power plant to produce the electrical
energy is included.

The solar air heating utilizing a transpired honey comb is also favorable since the flow
cross section is much higher. Crushed glass layers can be used to absorb solar radiation
and heat the air. A porous bed with layers of broken bottles can be readily used for
agricultural drying purposes with minimum expenditure. The overlapped glass plate air
heater can be considered as a form of porous matrix, although overall flow direction is
along the absorber plates instead of being across the matrix.

Applications of Solar air heaters

* Heating buildings.

* Drying agricultural produce and lumber.

* Heating green houses.

* Air conditioning building sutilizing desiccant beds or a absorption refrigeration process.

* Heat sources for a heat engine such as a Brayton or Stirling cycle.

Flat plate collector:

Flat plate collector absorbs both beam and diffuse components of radiant energy. The
absorber plate is a specially treated blackened metal surface. Sun rays striking the
absorber plate are absorbed causing rise of temperature of transport fluid. Thermal
insulation behind the absorber plate and transparent cover sheets (glass or plastic) prevent

loss of heat to surroundings.

Applications of flat plate collector:

1. Solar water heating systems for residence, hotels, industry.

2. Desalination plant for obtaining drinking water from sea water.

3. Solar cookers for domestic cooking.
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4. Drying applications.
5. Residence heating.
Losses in flat plate collector:

1. _Shadow effect: Shadows of some of the neighbor panel fall on the surface ofthe

collector where
the angle of elevation of the sun is less than 15°(sun-rise and sunset).

surfaceof the collector recieving light

Shadow factor =
Total surface of the collector

Shadow factor is less than 0.1 during morning and evening. The effective hours of solar

collectors
are between 9AM and 5PM.

2. Cosine loss factor: For maximum power collection, the surface of collector should

receive the

sun rays perpendicularly. If the angle between the perpendicular to the collector surface
and the direction of sun rays is 0, then the area of solar beam intercepted by the collector

surface is proportional to cosf.

3. Reflective loss factor: The collector glass surface and the reflector surface collect dust,

dirt, moisture etc. The reflector surface gets rusted, deformed and loses the shine. Hence,

the efficiency of the collector is reduced significantly with passage of time.
Maintenance of flat plate collector:

1. Daily cleaning

2. Seasonal maintenance (cleaning, touch-up paint)

3. Yearly overhaul (change of seals, cleaning after dismantling)
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Parabolic trough collector:

Parabolic trough with line focusing reflecting surface provides concentration ratios from
30 to 50. Hence, temperature as high as 300°C can be attained. Light is focused on a
central line of the parabolic trough. The pipe located along the centre line absorbs the heat

and the working fluid is circulated trough the pipe.
Paraboloid dish collectors:

The beam radiation is reflected by paraboloid dish surface. The point focus is obtained

with CR (above 1000) and temperatures around 1000°C.
Based on the temperature:

e Low temperature collector
e Medium temperature collector

e High temperature collector

Low temperature collector:

Low-temperature collectors[edit]
Main article: Solar thermal collector

Glazed solar collectors are designed primarily for space heating. They re-circulate
building air through a solar air panel where the air is heated and then directed back into
the building. These solar space heating systems require at least two penetrations into the
building and only perform when the air in the solar collector is warmer than the building
room temperature. Most glazed collectors are used in the residential sector.

Penloratid absoibser
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Unglazed, "transpired" air collector

Unglazed solar collectors are primarily used to pre-heat make-up ventilation air in
commercial, industrial and institutional buildings with a high ventilation load. They turn
building walls or sections of walls into low cost, high performance, unglazed solar
collectors. Heat conducts from the absorber surface to the thermal boundary layer of air

1 mm thick on the outside of the absorber and to air that passes behind the absorber. The
boundary layer of air is drawn into a nearby perforation before the heat can escape by
convection to the outside air. The heated air is then drawn from behind the absorber plate
into the building's ventilation system.

A Trombe wall is a passive solar heating and ventilation system consisting of an air
channel sandwiched between a window and a sun-facing thermal mass. During the
ventilation cycle, sunlight stores heat in the thermal mass and warms the air channel
causing circulation through vents at the top and bottom of the wall. During the heating
cycle the Trombe wall radiates stored heat.

Solar roof ponds are unique solar heating and cooling systems developed by Harold Hay
in the 1960s. A basic system consists of a roof-mounted water bladder with a movable
insulating cover. This system can control heat exchange between interior and exterior
environments by covering and uncovering the bladder between night and day. When
heating is a concern the bladder is uncovered during the day allowing sunlight to warm
the water bladder and store heat for evening use. When cooling is a concern the covered
bladder draws heat from the building's interior during the day and is uncovered at night to
radiate heat to the cooler atmosphere.

Solar space heating with solar air heat collectors is more popular in the USA and Canada
than heating with solar liquid collectors since most buildings already have a ventilation
system for heating and cooling. The two main types of solar air panels are glazed and
unglazed.

Medium temperature collector:

Solar drying

Solar thermal energy can be useful for drying wood for construction and wood fuels such
as wood chips for combustion. Solar is also used for food products such as fruits, grains,
and fish. Crop drying by solar means is environmentally friendly as well as cost effective
while improving the quality. The less money it takes to make a product, the less it can be
sold for, pleasing both the buyers and the sellers. Technologies in solar drying include
ultra low cost pumped transpired plate air collectors based on black fabrics. Solar thermal
energy is helpful in the process of drying products such as wood chips and other forms of
biomass by raising the temperature while allowing air to pass through and get rid of the
moisture.

Cooking

Solar cookers use sunlight for cooking, drying and pasteurization. Solar cooking offsets
fuel costs, reduces demand for fuel or firewood, and improves air quality by reducing or
removing a source of smoke. The simplest type of solar cooker is the box cooker first
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built by Horace de Saussure in 1767. A basic box cooker consists of an insulated
container with a transparent lid. These cookers can be used effectively with partially
overcast skies and will typically reach temperatures of 50—100 °C. Concentrating solar
cookers use reflectors to concentrate solar energy onto a cooking container. The most
common reflector geometries are flat plate, disc and parabolic trough type. These designs
cook faster and at higher temperatures (up to 350 °C) but require direct light to function
properly. The Solar Kitchen in Auroville, India uses a unique concentrating technology
known as the solar bowl. Contrary to conventional tracking reflector/fixed receiver
systems, the solar bowl uses a fixed spherical reflector with a receiver which tracks the
focus of light as the Sun moves across the sky. The solar bowl's receiver reaches
temperature of 150 °C that is used to produce steam that helps cook 2,000 daily meals.

High temperature collector

Where temperatures below about 95 °C are sufficient, as for space heating, flat-plate
collectors of the non-concentrating type are generally used. Because of the relatively high
heat losses through the glazing, flat plate collectors will not reach temperatures much
above 200 °C even when the heat transfer fluid is stagnant. Such temperatures are too low
for efficient conversion to electricity.

The efficiency of heat engines increases with the temperature of the heat source. To
achieve this in solar thermal energy plants, solar radiation is concentrated by mirrors or
lenses to obtain higher temperatures— a technique called Concentrated Solar
Power (CSP). The practical effect of HIGH EFFICIENCIES is to reduce the plant's
collector size and total land use per unit power generated, reducing the environmental
impacts of a power plant as well as its expense.

As the temperature increases, different forms of conversion become practical. Up to
600 °C, steam turbines, standard technology, have an efficiency up to 41%. Above
600 °C, gas turbines can be more efficient. Higher temperatures are problematic because
different materials and techniques are needed. One proposal for very high temperatures is
to use liquid fluoride salts operating between 700 °C to 800 °C, using multi-stage turbine
systems to achieve 50% or more thermal -efficiencies.” The higher operating
temperatures permit the plant to use higher-temperature dry heat exchangers for its
thermal exhaust, reducing the plant's water use — critical in the deserts where large solar
plants are practical. High temperatures also make heat storage more efficient, because
more watt-hours are stored per unit of fluid.

Commercial concentrating solar thermal power (CSP) plants were first developed in the
1980s. The world’s largest solar thermal power plants are now the 370 MW Ivanpah Solar
Power Facility, commissioned in 2014, and the 354 MW SEGS CSP installation both
located in the Mojave Desert of California, where several other solar projects have been
realized as well. With the exception of the Shams solar power station, built in 2013
near Abu Dhabi, the United Arab Emirates, all other 100 MW or larger CSP plants are
either located in the United States or in Spain.

The principal advantage of CSP is the ability to efficiently add thermal storage, allowing
the dispatching of electricity over up to a 24-hour period. Since peak electricity demand
typically occurs at about 5 pm, many CSP power plants use 3 to 5 hours of thermal
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storage.[&1 With current technology, storage of heat is much cheaper and more efficient
than storage of electricity. In this way, the CSP plant can produce electricity day and
night. If the CSP site has predictable solar radiation, then the CSP plant becomes
areliable power plant. Reliability can further be improved by installing a back-up
combustion system. The back-up system can use most of the CSP plant, which decreases
the cost of the back-up system.

CSP facilities utilize high electrical conductivity materials, such as copper, in field
power cables, grounding networks, and motors for tracking and pumping fluids, as well as
in the main generator and high voltage transformers.

With reliability, unused desert, no pollution, and no fuel costs, the obstacles for large
deployment for CSP are cost, aesthetics, land use and similar factors for the necessary
connecting high tension lines. Although only a small percentage of the desert is necessary
to meet global electricity demand, still a large area must be covered with mirrors or lenses
to obtain a significant amount of energy. An important way to decrease cost is the use of
a SIMPLE design.

When considering land use impacts associated with the exploration and extraction
through to transportation and conversion of fossil fuels, which are used for most of our
electrical power, utility-scale solar power compares as one of the most land-efficient
energy resources available.

System designs

During the day the sun has different positions. For low concentration systems (and low
temperatures) tracking can be avoided (or limited to a few positions per year) if non-
imaging optics are used. For higher concentrations, however, if the mirrors or lenses do
not move, then the focus of the mirrors or lenses changes (but also in these cases non-
imaging optics provides the widest acceptance angles for a given concentration).
Therefore it seems unavoidable that there needs to be a tracking system that follows the
position of the sun (for solar photovoltaic a solar tracker is only optional). The tracking
system increases the cost and complexity. With this in mind, different designs can be
distinguished in how they concentrate the light and track the position of the sun.

Parabolic trough designs

Parabolic trough power plants use a curved, mirrored trough
which reflects the direct solar radiation onto a glass tube
containing a fluid (also called a receiver, absorber or
collector) running the length of the trough, positioned at the
Reflector  focal point of the reflectors. The trough is parabolic along
e R one axis and linear in the orthogonal axis. For change of the
Piging daily position of the sun perpendicular to the receiver, the
trough tilts east to west so that the direct radiation remains
focused on the receiver. However, seasonal changes in the in angle of sunlight parallel to the
trough does not require adjustment of the mirrors, since the light is simply concentrated
elsewhere on the receiver. Thus the trough design does not require tracking on a second axis.
The receiver may be enclosed in a glass vacuum chamber. The vacuum significantly reduces
convective heat loss.

Absorber
Tube
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A fluid (also called heat transfer fluid) passes through the receiver and becomes very hot.
Common fluids are synthetic oil, molten salt and pressurized steam. The fluid containing
the heat is transported to a heat engine where about a third of the heat is converted to
electricity.

Full-scale parabolic trough systems consist of many such troughs laid out in parallel over
a large area of land. Since 1985 a solar thermal system using this principle has been in full
operation in California in the United States. It is called the Solar Energy Generating
Systems(SEGS) system.??! Other CSP designs lack this kind of long experience and
therefore it can currently be said that the parabolic trough design is the most thoroughly
proven CSP technology.

Power tower designs

Power towers (also known as 'central tower' power plants or 'heliostat' power plants)
capture and focus the sun's thermal energy with thousands of tracking mirrors (called
heliostats) in roughly a two square mile field. A tower resides in the centre of the heliostat
field. The heliostats focus concentrated sunlight on a receiver which sits on top of the
tower. Within the receiver the concentrated sunlight heats molten salt to over 1,000°F
(538°C). The heated molten salt then flows into a thermal storage tank where it is stored,
maintaining 98% thermal efficiency, and eventually pumped to a steam generator. The
steam drives a standard turbine to generate electricity. This process, also known as the
"Rankine cycle" is similar to a standard coal-fired power plant, except it is fueled by clean
and free solar energy.

The advantage of this design above the parabolic trough design is the higher temperature.
Thermal energy at higher temperatures can be converted to electricity more efficiently
and can be more cheaply stored for later use. Furthermore, there is less need to flatten the
ground area. In principle a power tower can be built on the side of a hill. Mirrors can be
flat and plumbing is concentrated in the tower. The disadvantage is that each mirror must
have its own dual-axis control, while in the parabolic trough design single axis tracking
can be shared for a large array of mirrors.

Dish designs

ol
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A parabolic solar dish concentrating the sun's
rays on the heating element of a Stirling engine. Fresnel reflector

CSP-Stirling is known to have the highest efficiency of all solar technologies around 30%
compared to solar PV approximately 15%, and is predicted to be able to produce the
cheapest energy among all renewable energy sources in high scale production and hot
areas, semi deserts etc. A dish Stirling system uses a large, reflective, parabolic dish
(similar in shape to satellite television dish). It focuses all the sunlight that strikes the dish
up onto a single point above the dish, where a receiver captures the heat and transforms it
into a useful form. Typically the dish is coupled with a Stirling engine in a Dish-Stirling
System, but also sometimes a steam engine is used. These create rotational kinetic energy
that can be converted to electricity using an electric generator.

Fresnel technologies

A linear Fresnel reflector power plant uses a series of long, narrow, shallow-curvature (or
even flat) mirrors to focus light onto one or more linear receivers positioned above the
mirrors. On top of the receiver a small parabolic mirror can be attached for further
focusing the light. These systems aim to offer lower overall costs by sharing a receiver
between several mirrors (as compared with trough and dish concepts), while still using
the simple line-focus geometry with one axis for tracking. This is similar to the trough
design (and different from central towers and dishes with dual-axis). The receiver is
stationary and so fluid couplings are not required (as in troughs and dishes). The mirrors
also do not need to support the receiver, so they are structurally simpler. When suitable
aiming strategies are used (mirrors aimed at different receivers at different times of day),
this can allow a denser packing of mirrors on available land area.

Rival single axis tracking technologies include the relatively new linear Fresnel reflector
(LFR) and compact-LFR (CLFR) technologies. The LFR differs from that of the
parabolic trough in that the absorber is fixed in space above the mirror field. Also, the
reflector is composed of many low row segments, which focus collectively on an elevated
long tower receiver running parallel to the reflector rotational axis.

Prototypes of Fresnel lens concentrators have been produced for the collection of thermal
energy by International Automated Systems. No full-scale thermal systems using Fresnel
lenses are known to be in operation, although products incorporating Fresnel lenses in
conjunction with photovoltaic cells are already available.*!

Micro-CSP

Micro-CSP is used for community-sized power plants (1 MW to 50 MW), for industrial,
agricultural and manufacturing 'process heat' applications, and when large amounts of hot
water are needed, such as resort swimming pools, water parks, large laundry facilities,
sterilization, distillation and other such uses.

Enclosed parabolic trough

The enclosed parabolic trough solar thermal system encapsulates the components within
an off-the-shelf greenhouse type of glasshouse. The glasshouse protects the components
from the elements that can negatively impact system reliability and efficiency. This
protection importantly includes nightly glass-roof washing with optimized water-efficient
off-the-shelf automated washing systems.*? Lightweight curved solar-reflecting mirrors
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are suspended from the ceiling of the glasshouse by wires. A single-axis tracking
system positions the mirrors to retrieve the optimal amount of sunlight. The mirrors
concentrate the sunlight and focus it on a network of stationary steel pipes, also
suspended from the glasshouse structure.*! Water is pumped through the pipes and
boiled to generate steam when intense sun radiation is applied. The steam is available for
process heat. Sheltering the mirrors from the wind allows them to achieve higher
temperature rates and prevents dust from building up on the mirrors as a result from
exposure to humidity.”#

Heat collection and exchange:

More energy is contained in higher frequency light based upon the formula of £=hv,
where h is the Planck constant and v is frequency. Metal collectors down convert higher
frequency light by producing a series of Compton shifts into an abundance of lower
frequency light. Glass or ceramic coatings with high transmission in the visible and UV
and effective absorption in the IR (heat blocking) trap metal absorbed low frequency light
from radiation loss. Convection insulation prevents mechanical losses transferred through
gas. Once collected as heat, thermos containment efficiency improves significantly with
increased size. Unlike Photovoltaic technologies that often degrade under concentrated
light, Solar Thermal depends upon light concentration that requires a clear sky to reach
suitable temperatures.

Heat in a solar thermal system is guided by five basic principles: heat gain; heat
transfer; heat storage; heat transport; and heat insulation. Here, heat is the measure of the
amount of thermal energy an object contains and is determined by the temperature, mass
and specific heat of the object. Solar thermal power plants use heat exchangers that are
designed for constant working conditions, to provide heat exchange. Copper heat
exchangers are important in solar thermal heating and cooling systems because of
copper’s high thermal conductivity, resistance to atmospheric and water corrosion, sealing
and joining by soldering, and mechanical strength. Copper is used both in receivers and in
primary circuits (pipes and heat exchangers for water tanks) of solar thermal water
systems.

Heat gain is the heat accumulated from the sun in the system. Solar thermal heat is
trapped using the greenhouse effect; the greenhouse effect in this case is the ability of a
reflective surface to transmit short wave radiation and reflect long wave radiation. Heat
and infrared radiation (IR) are produced when short wave radiation light hits the absorber
plate, which is then trapped inside the collector. Fluid, usually water, in the absorber tubes
collect the trapped heat and transfer it to a heat storage vault.

Heat is transferred either by conduction or convection. When water is heated, kinetic
energy is transferred by conduction to water molecules throughout the medium. These
molecules spread their thermal energy by conduction and occupy more space than the
cold slow moving molecules above them. The distribution of energy from the rising hot
water to the sinking cold water contributes to the convection process. Heat is transferred
from the absorber plates of the collector in the fluid by conduction. The collector fluid is
circulated through the carrier pipes to the heat transfer vault. Inside the vault, heat is
transferred throughout the medium through convection.
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Heat storage enables solar thermal plants to produce electricity during hours without
sunlight. Heat is transferred to a thermal storage medium in an insulated reservoir during
hours with sunlight, and is withdrawn for power generation during hours lacking sunlight.
Thermal storage mediums will be discussed in a heat storage section. Rate of heat transfer
is related to the conductive and convection medium as well as the temperature
differences. Bodies with large temperature differences transfer heat faster than bodies
with lower temperature differences.

Heat transport refers to the activity in which heat from a solar collector is transported to
the heat storage vault. Heat insulation is vital in both heat transport tubing as well as the
storage vault. It prevents heat loss, which in turn relates to energy loss, or decrease in the
efficiency of the system.

As solar power has low density (kW/m?), therefore large area on the ground is covered by
collectors. Flat plate collectors are used for low temperature applications. For achieving
higher temperature of transport fluid, the sun rays must be concentrated and focused.

Concentration Ratio (CR):
solar radiation surfaces(kW/m?)

CR =
solar radiation at focus on surfaces of collector(kW/m?)

CR = For flat plate collectors, CR = 1. Using heliostats with sun-tracking in two planes,
we obtain CR of the order of 1000. CR up to 100 can be achieved by using parabolic

trough collectors with sun tracking in one plane.

The performance of a collector is evaluated in terms of its collector efficiency which is
given as constant solar radiation (kW/m?), the collector efficiency decreases with the

increasing difference between the collector temperature and the outside temperature.
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