AS LEVEL

Environmental Technology

Energy from the Sun
Fact File 4
For first teaching from September 2013
For first award in Summer 2014

Energy from the Sun

Students should be able to:
• describe how passive solar design techniques can be
applied to new and existing buildings, referring to
window placement, orientation, size and glazing type,
thermal mass and thermal insulation;
•

explain how Concentrating Solar Power (CSP) systems
use lenses or mirrors to focus a large area of sunlight
into a small beam for use in power plants, including
parabolic troughs and dishes and Fresnel reflectors;

Introduction
Passive Solar Design

Energy from the Sun

Passive solar thermal heating relies on the absorption of
solar energy directly into the building fabric to reduce
the energy required for space heating. This is facilitated
by incorporating south facing conservatories and façade
glazing to collect the energy and allowing the hot air to
circulate by natural convection. The use of the thermal
mass of the building and building features for shade in
summer provides more stability of the internal temperature.
Thermal mass is a measure of how the mass of the building
provides a form of inertia against temperature variations.
For example, when outside temperatures are fluctuating
throughout the day, a large thermal mass within the

insulated portion of a house can serve to remove the daily
temperature fluctuations, since the thermal mass will
absorb thermal energy when the surroundings are higher in
temperature than the mass, and give thermal energy back
when the surroundings are cooler. Passive design is usually
incorporated by the architect from the initial design stage.
The key element of passive solar is a properly designed
balance between the energy gained, the storage capacity
and the structure’s heating demand. Windows must be of
appropriate size, glazed correctly, located appropriately
and orientated to minimize potential overheating.
Thermal storage or thermal mass must also be sized and
located correctly. The structural must be well insulated
and reasonably airtight. Once a building is constructed
to quality passive solar design standards it will return
significant energy savings for the life of the structure.
The building should be well insulated to retain passive solar
gains, particularly in winter, but also must prevent solar
overheating in summer. This is achieved by the appropriate
use of shading, combined with either passive ventilation or
mechanical cooling and ventilation.

Concentrating Solar Thermal Collectors CSP
CSP employs either a series of mirrors or lens technology to
focus the sun’s rays on a small area of absorber to create a
high temperature to produce steam and generate electricity
in a conventional turbo-generator.
The technology is really only economically viable in
countries with high solar insolation, such as southern Spain
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and Italy, North Africa and the southern United States of
America.

•

Parabolic troughs

•

Stirling dish

•

Linear Fresnel
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There are three main concentrating technologies:

The parabolic trough is probably the most popular
and well-developed technology and consists of a pipe

but otherwise possess the same operating principles.
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The longer term future of CSP technologies has been
challenged by the on-going decrease in the costs of solar
PV modules, which may offer a lower cost route to largescale electrical generation.

Pupil Activity
containing molten salt at an operating temperature of
150-300oC positioned at the focal point of the trough. The
reflective trough concentrates the sun’s energy to heat up
the salt solution and raise steam. Occasionally the trough
is replaced with a long greenhouse-style enclosure with
tracking mirrors used to direct the sunlight onto the static
pipe. The shelter protects the equipment from the wind
and dirt and produces higher temperatures.

1.

Draw a schematic diagram of the ideal passive solar
designed domestic building. Annotate your diagram to
illustrate the main points included in your design which
emphasise the passive nature of its energy generation
and conservation.

2.

Describe using diagrams the three main ways in which
Concentrating Solar Power (CSP) is implemented.
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Stirling dish systems are stand-alone large parabolic
reflectors with a single Stirling engine suspended at the
focal point. The fluid in the engine is heated to 250700oC and powers the Stirling engine to directly produce
electricity with an efficiency up to 32%.

Fresnel reflectors are compound optical devices made
up of many small strips of plane mirrors to mimic the
performance of a parabolic reflector. They offer more
reflecting surface in the same space than a parabolic mirror,
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