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Specification Content

•

list the four material types of photovoltaic (PV) modules
(monocrystalline, polycrystalline, thick-film and thinfilm);

•

evaluate the advantages and disadvantages of
each type of PV panel, including cost, longevity and
efficiency; and

•

explain how planning regulations can affect the
installation of solar panels.

•

discuss the range of incentives available to
homeowners considering installing solar panels, for
example selling electricity to energy suppliers;

Introduction

Adapted from ©/ Thinkstock.com

Students should be able to:
• describe the composition and structure of a
photovoltaic cell and explain the role of the
semiconductor wafer in producing electricity;

The junction creates a potential barrier between the
two sides of the wafer similar to a standard diode with a
potential difference of approximately 0.6V. When a photon
penetrates through to the potential barrier it releases a
photo-electron, which may be swept across the potential
barrier, leaving a valency space in the original position.
Contacts on either side of the cell connect the cell to the
external load and permit the electron to travel around the
circuit loop back to neutralise the original valency space on
the opposite side of the potential barrier.

Solar photovoltaic systems use the photoelectric effect
which was first noted by a French physicist, Edmund
Bequerel, in 1839. He discovered the fact that certain
materials produce small amounts of electric current when
exposed to light. The first photovoltaic module was built by
Bell Laboratories in 1954. The diagram below illustrates the
operation of a basic photovoltaic cell, also called a solar cell.
Solar cells are made of the same kinds of semiconductor
materials, such as silicon, used in the microelectronics
industry. Solar PV modules are capable of generating
direct current electricity from the energy of photons in
both diffuse and direct sunlight. The heart of the module
is the individual cells, normally made from thin wafers
of crystalline silicon that have been treated with small
amounts of impurities on either side to create n and p-type
dope silicon.
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Solar Photovoltaic Systems
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The inverter is required to perform several functions within
a PV system
•

Conversion of direct current to alternating current
(>90% efficient)

•

Power point tracking to keep the array operating most
efficiently

•

Anti-islanding to ensure the system shuts down when
the grid fails (safety)

•

Safe isolation of d.c. and a.c. parts of the system

Module efficiencies are typically 15-20%, due primarily
to some photons not giving rise to photoelectrons or
the photo-electrons generated recombining with the
valency holes before crossing the barrier. The type of
cell technology determines the typical cell and module
efficiencies. Currently crystalline technologies, both monocrystalline and polycrystalline dominate the market and
provide the highest efficiencies. Higher efficiencies mean
that more powerful systems can be installed on limited roof
areas. Alternative technologies based on thin-film coatings
of either amorphous or microcrystalline silicon (a-Si or ųc-Si)
or Copper Indium Gallium Selenide (CIGS) or CadmiumTelluride (CdTe). These modules are cheaper to manufacture
and their efficiency levels are rising with improvements in
technology. Organic dye cells are still at the experimental
stage, but may offer a low technology PV route in the future
for developing countries.
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The cell is capable of producing up to 8A of current in full
sunshine, but only with a voltage of 0.6V. To form a module
the cells are connected in series to give an open-circuit
voltage of about 30-40V. This voltage must be increased by
adding modules in series to match the inverter input limits
of several hundred volts.

The output of the inverter is connected to the house
supply via a spare connection point in the consumer
unit. The electricity produced by the system will be used
preferentially in the house before electricity is drawn from
the grid supply. If there is insufficient demand in the house,
then the excess production will be pushed out onto the
grid.
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Batteries

Each module has a rated power under standard test
conditions, often 200-250Wp. Typically systems for
domestic homes are in the 2-4kWp range. Each kWp in a
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well-sited, un-shaded system will produce between 800 and
900kWh per year for every kWp installed.

Activity

Planning permission for Solar Installations
In the UK permission is required for domestic installations
from the local Building Control Office and may also be
required from the local Planning Office.
Planning Policy Statement 22 (PPS22) or (PPS18 in Northern
Ireland) is intended to encourage the development of
renewable energy systems throughout England in an
appropriate way. The policy context stresses the wider
benefits of renewable energy schemes, the value of
community involvement, the use of criteria-based policy
planning and the need for integration with other schemes.
Further details can be found at;

www.planningni.gov.uk/index/advice/advice_
apply/advice_apply_homes/advice_home_
work2/advice_home_solar.htm

Use the two links identified above to produce a short guide
to planning regulations relating to the installation of solar
systems in domestic building.
Market Incentives for Solar PV
Historical the installation of solar PV systems have been
encouraged by capital grants to lower the initial installation
costs. The grants systems have given way to longer term
payments that provide an increased return on investment.
The overall return on investment for a customer depends on
the sum of the following components.
Generation Tariff
This is a payment for all units generated by the PV system
and for domestic customers is currently paid at the
following rates.
•

GB Feed-In-Tariff 15.6p per kWh

•

NI Renewable Obligation Certificate 17.2p per kWh.
(figures subject to change)

If the generated energy is used in the house then it
displaces the cost of buying in a unit from the grid –
currently approximately 15p per kWh
Any units that are generated by the system but not
consumed in the property are exported to the grid and will
attract an additional payment from the electrical supply
company of approximately 5p per kWh. These figures may
change with time.
Installation Costs
In Northern Ireland the cost per kWp of an installed system
is typically;
•

Domestic between £1,200 to £1500

•

Commercial/industrial between £1000 and £1200.
(figures subject to change)

