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Module 1 –  Photovoltaic panels in context of renewable 
technologies
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What is a PV system?

PV stands for photovoltaic. The definition is – The capability of a material to produce a voltage, usually 
through photoemission, when exposed to radiant energy, especially light.

The process of converting light (photons) directly to electricity (voltage) is known as photovoltaic (PV). When 
photovoltaic materials absorb sunlight the solar energy knocks electrons loose from their atoms, allowing the 
electrons to flow through the material to produce electricity. Photovoltaic material is used to build solar cells, 
which are usually packaged in photovoltaic modules (also known as solar panels). Modules can be grouped 
together and connected to form a photovoltaic array.

A PV system will incorporate a number of pieces of equipment:

• Solar panels (array)

• Mounting system

• Inverter/s

• AC/DC switch disconnector/s



BPEC Module 1

© BPEC3September 2015

• Meter

• AC/DC cabling

• Consumer unit/distribution board

Benefits of a PV system

There are different kinds of benefits to consider when looking at a PV installation. The two main benefits of PV 
installations are economic and environmental.

The economic benefits of a PV system are actually considered to be an investment, where a PV system requires 
an initial cost to install and requires very little maintenance but will continue to generate electricity, which will be 
purchased from the client by the Distribution Network Operator (DNO).

Below are some examples of these benefits:

Economic

• Reduction in electricity bills: sunlight is free, so once the initial installation is paid for, electricity costs will 
be greatly reduced. A typical home PV system can produce around 40% of the electricity a household uses 
in a year.

• Sell electricity back to the grid: if the system is producing more electricity than is need, or when it can’t be 
used, someone else can use it – and the system could make a bit of money.

• Store electricity for a cloudy day: if the home isn’t connected to the national grid, the system can store 
excess electricity in batteries to use when you need it.

Environmental

• Reduction in carbon footprint: solar electricity is a green, renewable energy and doesn’t release any harmful 
carbon dioxide or other pollutants. A typical home PV system could save around 1200kg of carbon dioxide 
per year – that’s around 30 tonnes over its lifetime.

• Wildlife protection: coal mines require large quantities of water to remove impurities from coal at the mine. 
At coal-fired power stations large quantities of water are used for producing steam and for cooling systems. 
When coal-fired power plants remove water from a lake or river, the fish and other aquatic life can be affected, 
as well as animals and people who depend on these aquatic resources. At the same time, pollutants build up in 
the water used by the power plant boiler and cooling system. If the water used in the power plant is discharged 
to a lake or river, the pollutants in the water can harm fish and plants. PV systems have no such processes.

• No waste material: The burning of coal creates solid waste, called ash, which is composed primarily of metal 
oxides and alkali. On average, the ash content of coal is 10%. Solid waste is also created at coalmines when 
coal is cleaned and at power plants when air pollutants are removed from the stack gas. Much of this waste 
is deposited in landfills and abandoned mines, although some amounts are now being recycled into useful 
products, such as cement and building materials. This is the same for nuclear-fuelled power stations, which 
create radioactive waste. This waste is radioactive for many thousands of years and must be stored in special 
locations either underground or kept in a concrete vault immersed in water or surrounded by steel. There is 
no exhaust or solid waste emissions from a PV system.
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Disadvantages of a PV system

Below are some disadvantages of a PV system.

• Some toxic chemicals, like cadmium and arsenic, are used in the PV production process. These environmental 
impacts are minor and can be easily controlled through recycling and proper disposal.

• Solar energy is somewhat more expensive to produce than conventional sources of energy due in part to the 
cost of manufacturing PV devices and in part to the conversion efficiencies of the equipment. As the conversion 
efficiencies continue to increase and the manufacturing costs continue to come down, PV will become 
increasingly cost competitive with conventional fuels.

• Solar power is a variable energy source, with energy production dependent on the sun. Solar facilities may 
produce no power at all some of the time, which could lead to a shortage if a large proportion of the energy 
requirements are from solar power.

Types of PV systems

Photovoltaic-based systems are generally classified according to their functional and operational requirements, 
their component configuration, and how the equipment is connected to the other power sources and electrical 
loads (appliances). The two principle classifications are grid-connected and stand-alone systems.

Grid connected

Grid-connected PV systems are designed to operate in parallel with and are interconnected with the electricity 
grid. The primary component is the inverter. The inverter converts the DC power produced by the PV array into 
AC power consistent with the voltage and power quality required by the grid. The inverter automatically stops 
supplying power to the grid when the grid is not energised. Below is a typical grid connected PV installation.
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Types of PV systems

Off grid systems (stand-alone systems)

Stand-alone system

Stand-alone PV systems are designed to operate independently of the electricity grid, and are generally designed 
and sized to supply certain DC and/or AC electrical loads. Stand-alone systems may be powered by a PV array 
only, or may use wind, an engine-generator or utility power as a backup power source in what is called a PV-hybrid 
system. The simplest type of stand-alone PV system is a direct-coupled system, where the DC output of a PV 
module or array is directly connected to a DC load.

Direct - coupled stand alone system

PV array DC loads

Since there is no electrical energy storage (batteries) in direct-coupled systems, the load only operates during 
sunlight hours, making these designs suitable for common applications such as ventilation fans, water pumps, and 
small circulation pumps for solar thermal water heating systems. Matching the impedance of the electrical load to 
the maximum power output of the PV array is a critical part of designing well-performing direct-coupled system.

In many stand-alone PV systems, batteries are used for energy storage. Below is a diagram of a typical stand-
alone PV system with battery storage powering DC and AC loads.
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Feed-in tariffs (FIT’s)
Solar feed-in tariffs are an incentive mechanism introduced by the government to promote small-scale private 
investment in renewable technologies. The legislation obligates utility companies to pay a set amount of money 
for each unit (kWh) of renewable electricity that is produced. This means the initial capital outlay of purchasing 
a solar PV system is reclaimed more quickly. The feed-in tariff only pays this increased rate for a set number of 
years, which for photovoltaic technologies (PV) has been set at 20 years.

The feed-in tariff began on the 1 April 2010 and will have a lifetime of 20 years. A regular review of the feed-in 
tariff will take place and will be altered dependant on the rate of installation of PV systems in the UK. The feed-in 
tariff is also dependant on the energy rating of the property, which must comply with an energy performance 
certificate rating of D or above before the eligibility date. The eligibility date of an installation is regarded as:

• If all eligibility criteria have been met, ROO-FIT accreditation is effective from the “eligibility date”. This is the 
later of:

• The date the application was received by us – i.e. the date that the application is submitted via the renewables 
and CHP Register – if the installation is already commissioned when we receive the application, or

• the date on which the installation is commissioned, if we receive the application for accreditation prior to 
the commissioning date.

The table below provides the tariff outcomes based on a new solar PV installation with an eligibility date on or 
after 1 April 2012 and its interaction with the energy efficiency requirement and whether the multi-installation 
tariff applies. Reference should be made to the FIT Generator Guidance document available from OFGEM.

New Solar PV installations with an eligibility date on or 
after 2012

Multi-installation 
tariff applies

Multi-installation tariff 
does NOT apply

Energy efficiency requirement met by installation Middle rate Higher rate

Energy efficiency requirement NOT met by installation Lower rate* Lower rate*

Energy efficiency requirement not applicable for installation Middle rate Middle rate

Description

FIT Year 4 2013/14
For eligible 
installations with an 
eligibility date on or 
after 1 February 
2013 and before 
1 May 2013 (p/kWh)

For eligible 
installations with an 
eligibility date on or 
after 1 May 2013 
and before 1 July 
2013 (p/kWh)

Solar photovoltaic with total installed capacity of 4kW or 
less, where the attached to or wired to provide a new 
building before first occupation

Higher Rate 
Middle Rate 
Lower Rate

15.44 
13.90 

7.10

Higher Rate 
Middle Rate 
Lower Rate

15.44 
13.90 

7.10

Solar photovoltaic with total installed capacity of 4kW or 
less, where attached to or wired to provide electricity to a 
building which is already occupied

Higher Rate 
Middle Rate 
Lower Rate

15.44 
13.90 

7.10

Higher Rate 
Middle Rate 
Lower Rate

15.44 
13.90 

7.10

Stand-alone (autonomous) solar photovoltaic (not attached 
to a building and not wired to provide electricity to an 
occupied building

7.10 6.85

EXPORT TARIFF 4.64 4.64

* Adjusted by the 2010 Retail Price Index of 4.8%

(Table courtesy of OFGEM)
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Feed-in tariffs

These feed-in tariff rates will be paid for each unit of electricity generated even if you use it in your own house/ 
building. As well as this, if any excess electricity is generated, it will be exported to the grid and you will receive 
the current export tariff for each unit.

For example:

2.52kWp solar PV system producing 2100kWh/year installed on a building with an energy rating D or above 
(installed capacity of 4kW or less, where attached to or wired to provide electricity to a building which is 
already occupied) utilising half of the electricity the system produces in the building and exporting half the 
electricity produced back to the grid would earn/save:

Earn:  Generated electricity – 2100kWh x 0.1544 = £324.24
+

 Exported electricity – 2100/2kWh x 0.0464 = £48.72

Save: Reduction of imported electricity – 2100/2kWh x 0.15 = £157.50
 Total earnings/savings per year =  £530.46

= £1,077/year

(Source from www.evoenergy.co.uk)

ROC’s (Renewable Obligation Certificates)
Renewable Obligation Certificates, otherwise known as ROCs, are tradable certificates awarded to generators 
of renewable energy by OFGEM each time they produce 1MW or 1000kWh of energy from a renewable source. 
These are awarded for all units of energy that are produced by the generator, regardless of whether they have 
already been used for personal use or whether they have been exported back to the grid.

The new Renewables Obligation and associated Renewables (Scotland) Obligation came into force in April 2002 
as part of the Utilities Act (2000). It requires power suppliers to derive from renewables a specified proportion of 
the electricity they supply to their customers. This started at 3% in 2003, rising gradually to 10.4% by 2010, and 
15.4% by 2015. The cost to consumers will be limited by a price cap and the ROC is guaranteed in law until 2027.

Eligible renewable generators receive Renewables Obligation Certificates (ROCs) for each MWh of electricity 
generated. These certificates can then be sold to suppliers, in order to fulfil their obligation. Suppliers can either 
present enough certificates to cover the required percentage of their output, or they can pay a ‘buyout’ price for 
any shortfall. All proceeds from buyout payments are recycled to suppliers in proportion to the number of ROCs 
they present.

Costs
The cost of installing a solar electricity system can vary – an average system costs between £3000 – £7000, 
depending on its size and type. This includes both materials and labour charges.

In general:

• The more electricity the system can generate, the more it costs but the more it could save

• Solar tiles cost more than conventional panels

• Integrated PV roof tiles/panels are generally more expensive than non-integrated PV roof systems (retrofit systems), 
however, if major roof repairs are required, integrated PV roof tiles/panels can offset the cost of roof tiles.



September 2015

BPEC Module 6

© BPEC151

Module 6
Maintenance and fault finding



BPEC Solar Photovoltaic Systems

© BPEC 152 September 2015

Module 6 – Maintenance and fault finding

Maintenance and fault finding
As a general rule, PV arrays are normally fault free and very low maintenance. However, periodic maintenance 
checks should be carried out either by the system operator or the installer of the system to ensure that it continues 
to work efficiently and avoid potential faults. This is also a possible source of additional income for installers, 
who can offer maintenance contracts to the client. In the following module, the key points of a PV system will be 
looked at including checking and maintaining PV systems and possible remedy of any faults that may occur.

Maintaining a Solar Array
(Image courtesy of www.pasolar.ncat.org)

Maintenance
The following steps are only basic guidelines for common systems. Ensure that the manufacturer’s instructions 
are read on the maintenance of their equipment. Before opening any equipment/apparatus, ensure safe isolation 
procedures are carried out (if applicable).

To ensure a high level of maintenance is achieved, the following information should be made available:

• All relevant certification (BS 7671) including:

• Electrical Installation Certificate/Installation Condition Report.

• Schedule of Inspections.

• Schedule of Test Results.

• A diagram of the installation and location of key equipment.

• When the system was installed.

• Any alterations made to the system after the initial installation.

• When the system was last serviced/inspected.

Before carrying out any maintenance work, a Schedule of Inspections should be undertaken.




