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Part One Introduction
The Sun

Almost all the energy that circulates on the surface of planet earth originates
directly or indirectly from the sun. The Sun’s heat, light and gravitational pull all
result in energy flows on Earth that can be put to work.

The Sun heats the air, and the Sun’s gravitational pull keeps the Earth spinning;
these two factors cause the winds on our planet that can then be converted to
electricity by wind turbines.

The wind causes waves, whose movement can be harnessed to generate
electricity.

The Sun’s heat causes water to evaporate from the sea, causing clouds to form.
When this water returns to earth as rain, the energy in rivers can be harvested
with dams and hydro-turbines.

1

The Sun warms the soil. This
warmth can be harvested and
used to warm buildings with
ground source heat pumps.

The Sun provides the energy
for plants to grow. Animals get
their energy from eating those
plants. All bio-fuels from wood
chip to animal fat are forms of
trapped solar energy.

The Eden Prolect Cornwall Roof- mounted PVs

Even the energy in fossil fuels, coal, oil and gas originates from the sun as these
were formed from plant and animal matter trapped for millions of years in
geological strata. Burning these fuels is like releasing the sunlight that landed on
the earth several million years ago! Unfortunately burning fossil fuels also
releases the greenhouse gasses that were trapped by those organisms millions
of years ago.

By releasing millions of year’s worth of stored carbon dioxide back into the air,

we are changing the composition of the Earth’s atmosphere and altering our
climate.
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The only sources of energy on the planet that are difficult to link to solar power
are:
Tidal power; tides are caused by the gravitational pull of the Moon (though
also in part by the gravitational pull of the Sun).
Deep geothermal; from the heat in the core of the Earth.
Nuclear; from the decay of radioactive isotopes.

Directly, solar energy can be used to heat water in solar water heating, to heat
homes with south facing glazing and last, but certainly not least, to generate
electricity, with photovoltaics, also known as solar electric panels or PVs.

Photovoltaics

These are also known as PVs or solar electric panels. Solar electric panels are
often confused with solar water heating panels, which use the Sun’s energy to
directly heat water (see our solar water heating guide). Both renewable energy
technologies use panels, usually mounted on a south facing roof, to harness
sunlight, however, that is where the similarity ends.

Solar water heating is plumbed into your hot water tank to heat domestic hot
water. PVs are wired into your electricity supply to supplement your domestic
electricity consumption. Mixing the two up at installation stage would be
unfortunate!

PVs work through semi-conductor cells connected together to form modules. PVs
produce a Direct Current that, unless used for simple battery charging, must be
run through a component called an inverter to change it into an Alternating
Current for normal domestic use.

PVs can work even in overcast conditions, without direct sunlight, however direct
light is the best resource.

PVs are simple to install and almost maintenance free with no moving parts.
While apparently uncomplicated PVs are one of the most scientifically advanced
renewable energy technologies. They are constructed using layers of thin silicon
wafers of a similar type to those used in computer chips. To really understand
how they work requires some understanding of quantum physics, so only a
slightly simplified explanation will be given here.
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UK Solar Availability

Energy is usually measured in Joules, a finite unit irrespective of time. Power on
the other hand is measured in Watts, or Joules per second, or the amount of
energy expended over time. (1W = 1J/s) (1kwh = 3,600,000 J)

A kWh is therefore a measure of energy, not power. Solar irradiation is the
amount of energy hitting one square meter of land over the course of a year.
The maps below give the yearly sum of solar irradiation, taken as an average
between 1981 and 1990. Solar irradiation is measured in kWh/m? and decreases
with distance from the equator.
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The UK receives between 750 and 1100 kWh/m? dependant on your position.
Here in Nottingham we are likely to get around 950kWh/m? of free energy from
the sun every year.

To put this in context, an average UK household uses 21,500kwWh worth of
natural gas every year for heating and hot water, or 3,300kWh worth of
electricity.

The map below gives a more detailed idea of what your house is likely to receive
in one year.
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Part Two Technology Overview
How They Work

Energy comes from the sun in the form of electromagnetic waves, these waves
spread out in every direction from the sun like the ripples spreading out from a
ball bobbing up and down in a pond. These waves travel effortlessly through the
vacuum of space, because there is nothing there to interact with, only causing
effects when they hit objects like the Earth. Heat (infra-red radiation) and all the
colours of visible light are among the types of waves that reach Earth, there are
many others.

Heat and light are both absorbed by the Earth usually warming up the
substances they meet, causing the sorts of phenomenon like wind and rain
discussed in the introduction.

In the case of solar electric panels, visible light is absorbed by tiny subatomic
particles (simplification!) in the panel called electrons. As electrons absorb more
and more energy they will try to pass it on to the other electrons nearest to them,
energy moved around in this way is called electricity.

All substances have electrons in them. Conductive metals like copper have
electrons in them that are able to pass energy from one to another easily; the
electrons in plastics cannot pass energy from one to another. Plastics wrapped
around metals can be used to contain an electric current (hence metal wires
coated in plastic). Wires can be used to channel electricity to anywhere it is
needed.

For electricity to flow, wires have to be connected in a complete loop or circuit.
This means that as energy is poured into one part of the circuit it can flow round
and round. If you stop pouring in energy (the sun goes down or you hang your
washing in front of the panels) the circuit stops flowing.
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Because a PV panel is linked to a circuit, if the electrons in the panel are
sufficiently energised, this energy will flow to other parts of the circuit, where
there are less energised electrons. This is basically how electricity works; if there
is more energy in one part of a complete circuit than another, energy will flow
round to try and even it out.

The amount of electricity flowing around in a circuit is called the Current
(measured in Amps), the amount of Power in the Current is called the Voltage
(measured in Volts). The total amount of Energy (measured in Watts) moving
from one place to another is calculated by the amount of electricity flowing
multiplied by the Power in that electricity.

Power (Watts) = Current (Amps) X Voltage (Volts)

So a PV panel generating a current of 15amps at a voltage of 12 Volts is
generating 15 X 12 = 180 watts of power

If your panel generated this amount of power continuously for 1 hour it would
have generated 180 watt hours or 0.18 kilowatt hours (1000 watts =1kilowatt)

While the voltage of the electricity coming out of the panels is fixed, the current
will go up and down as the sunlight varies. This is one factor that depends on the
type and efficiency on the panel.

Rated Output

Comparing the expected output from solar panels can be a difficult business and
how that relates to actual output again is not straight forward. Panels are
generally given a rated output based on their maximum energy generation
potential, this is generally assuming direct midday sun and either ideal or global
average climatic conditions (temperature, humidity, pressure etc).

The rated output, while a useful standard figure for comparison, is generally
created under laboratory conditions with lamps. This output is only likely to be
experienced if your panels were in full direct midday Sun, midsummer, on a
cloudless day (and probably at the equator!). At the equator there is a minimum
of the Earths atmosphere inconveniently getting in the way and absorbing
valuable light waves.
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It would be nice to be able to take this rated output and multiply it by the number
of hours of daylight in a year to estimate the annual energy yield you can expect
from installed solar panels. This is not the case.

Even In the south of Spain in the province of Almeria, where there are on
average 350 days of clear sunshine a year, the amount of energy available is
much less than the rated output of the panels times the hours of daylight.

A maximum output energy rating for panels can be misleading and does not
relate to the amount of resource (sunlight) that is actually available at any one
location.

A better way of comparing panels is their % efficiency; this tells you what % of
the light landing on them they will turn into electricity. This combined with a figure
for the average solar radiation at your site and the size of the panels will give you
a far better idea of how much electricity you will generate.

This % efficiency figure is also calculated under average global conditions so
may not be totally accurate for your site; for example solar panels are less
efficient when hot. This said, efficiency it is far more likely to be accurate than the
rated output.

As always, the only true way of comparing output is through independent
monitoring and testing of installed units in various climates.

High Cross Leys Sheltered Housing, Nottingham
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Calculating Expected Output

There is a simple equation to work our your expected annual energy yield

Panel Efficiency (%) X Average annual solar radiation (kwh per
m?) X Area of panels (m?) = Expected annual energy yield (kwh)

Alternatively, there is a quick calculator on our website to work out expected
carbon and money savings: http://www.nottenergy.com/renewable-energy/tools2.
A typical example of the calculator is shown here, with monetary and co2 saving.

Nottingham Energy Partnership © 2008 9



Mono-crystalline Silicon Cells:

Made using cells saw—cut from a single cylindrical crystal of silicon,
this is the most efficient of the photovoltaic (PV) technologies. The
principle advantage of mono-crystalline cells are their high
efficiencies, typically around 15%, although the manufacturing
process required to produce mono-crystalline silicon is complicated,
resulting in slightly higher costs than other technologies.

Multi-crystalline Silicon Cells:

Made from cells cut from an ingot of melted and recrystallised silicon.
In the manufacturing process, molten silicon is cast into ingots of
polycrystalline silicon; these ingots are then saw-cut into very thin
wafers and assembled into complete cells. Multi-crystalline cells are
cheaper to produce than mono-crystalline ones, due to the simpler
manufacturing process. However, they tend to be slightly less
efficient, with average efficiencies of around 12%, creating a granular
texture.

Thick-film Silicon:

Another multi-crystalline technology where the silicon is deposited in
a continuous process onto a base material giving a fine grained,
sparkling appearance. Like all crystalline PV, this is encapsulated in
a transparent insulating polymer with a tempered glass cover and
usually bound into a strong aluminium frame.

Amorphous Silicon:

Amorphous silicon cells are composed of silicon atoms in a thin
homogenous layer rather than a crystal structure. Amorphous silicon
absorbs light more effectively than crystalline silicon, so the cells can
be thinner. For this reason, amorphous silicon is also known as a "thin
film" PV technology. Amorphous silicon can be deposited on a wide
range of substrates, both rigid and flexible, which makes it ideal for
curved surfaces and "fold-away" modules. Amorphous cells are,
however, less efficient than crystalline based cells, with typical
efficiencies of around 6%, but they are easier and therefore cheaper
to produce. Their low cost makes them ideally suited for many
applications where high efficiency is not required and low cost is
important.

Other Thin Films:

A number of other promising materials such as cadmium telluride
(CdTe) and copper indium diselenide (CIS) are now being used for
PV modules. The attraction of these technologies is there flexibility,
possible transparency and that they can be manufactured by
relatively inexpensive industrial processes, certainly in comparison to
crystalline silicon technologies. They typically offer higher module
efficiencies than amorphous silicon. New technologies based on the
photosynthesis process are not yet on the market.
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Typical PV System Configuration

The components typically required in a grid-connected PV system are illustrated
below.

The PV array
consists of a
number of individual
photovoltaic
modules connected
together to give the
required power with
a suitable current
and voltage output.

Typical modules
have a rated power
output of around 75
- 120 Watts peak
(Wp) each. A typical domestic system of 1.5 - 2 kWp may therefore comprise
some 12 - 24 modules covering an area of between 12 - 40 m?, depending on the
cell type used.

Most PV modules deliver direct current (DC) electricity at 12 volts, whereas most
common household appliances in the UK run off alternating current (AC) at 230V.
An inverter is used to convert the low voltage DC to higher voltage AC.
Numerous types of inverter are available, but not all are suitable for use when
feeding power back into the UK mains supply. Good suppliers and installers of
grid-connect PV systems will be able to offer advice on suitability of commonly
available models.

Other components in a typical grid-connected PV system are the array mounting
structure and the various cables and switches needed to ensure that the PV
generator can be isolated both from the building and from the mains. Again, good
suppliers and installers of grid-connect PV systems will be able to offer advice on
these aspects of the PV system.

Finally, a meter will be required to ensure that the system owner can be credited
for any PV power fed into the mains supply.

Suppliers will normally offer a 12 months warranty on the system, together with 2

years on the inverter and a performance warranty of 10 - 25 years on the
modules.

Nottingham Energy Partnership © 2008 11



Can a PV System be installed on any Building?

The most important questions to consider in deciding whether or not a PV system
can be installed on a building and what type of system should be installed are:

Is there a suitable place on the building where the solar array could be
mounted (taking into account orientation, shade, and available area)
What type of photovoltaic system would be suitable

Is planning permission required

Photovoltaic modules can be placed on almost any building surface which

receives sunshine for most of the day. Roofs are the usual location for PV
systems on houses but
photovoltaic modules can
also be placed on facades,
conservatory or atrium roofs,
sun shades, etc.

The surface on which the PV
array is mounted should
receive as much light as
possible. The more light the
solar array receives the more
electricity will be generated.
The three issues which affect
how much light a surface
receives are:
Semi-transparent PVs doubling as solar shading

1. Orientation: Due south is the best possible orientation. If the PV is to be
mounted on a vertical fagcade the orientation should preferably be between
South East and South West. If the PV is to be mounted at a tilt a wider
range of orientations will still give a reasonable energy yield. North facing
orientations should be avoided.

2. Tilt: A tilted array will receive more light than a vertical array. Any angle
between vertical and 15° off horizontal can be used. A minimum tilt of 15°
off horizontal is recommended to allow the rain to wash dust off the array.
The optimal tilt angle is 30° - 40° for a south facing array in the UK.
Shallower tilt angles are better for east or west facing arrays.

3. Shadowing: Shadows cast by tall trees and neighbouring buildings must
also be considered. Even minor shading can result in significant loss of
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energy. If shading is unavoidable, your system designer can advise on
how to minimize the effect of shade on the amount of electricity produced.

The area required for mounting a PV array depends on the output power desired
and the type of module used. An area of around 8 m? will be required to mount
an array with a rated power output of 1kW, if mono-crystalline modules are used
(the most efficient modules type). If multi-crystalline modules are used an area
of around 10 m? will be required for a 1kWp system and if amorphous modules
are used an area of about 20 m? will be required. These areas can be scaled up
or down depending on the output power desired. 1 — 3 kWp is a typical power
output for a domestic system, although smaller or larger systems can be
installed.

There are various ways in which a PV array can be mounted on a building. The
various options offer different appearances and vary in cost. The commonest
way of mounting an array on a house is to place it on the roof either with modules
mounted in a frame above the existing roof tiles or integrated into the roof. If the
array is to be integrated into the roof PV roof tiles may be used instead of
modules.

PV arrays can also be mounted on flat roofs, on walls, in conservatory roofs, on
sun shades or on other structures such as pergolas or car parking bays.

PV roofs do not usually require planning permission unless the building is listed
or in a conservation area. However you should call your council to check on local

policy.

Nottingham Energy Partnership © 2008 13



Part Three

Products Available

The six companies mentioned below are the most well-known producers of
photovoltaic cells. For each, a large and small capacity PV has been described.

Annual Product Cost
Company, Product and Peak Efficiency and | Electricity | Annual CO2 And
Panel size (m ?) Ol Type Ol Savings Cost/Energy
(W/ m?) (KWH/m) | (tonnes/m?) | (e/kwhim?)
Mitsubishi £600 ¢
MF165EB3-LF (1.26 m%) | 131 13.054% Poly | 109.52 0.062 £5.48/KWh/m?
Schuco £611 ¢
S 165-SP (1.26 m?) 131 12.5% Poly 109.52 0.062 £5.58/kWh/m?
Sharp £660 ¢
NT-RSE3E (1.30 m?) 135 | 13.452% Mono | 11231 0.063 | £5.88/KWh/m?
Sanyo £875 13
HIP-215NHE5 (1.25 m?) 172 17.2% Hybrid 140 0.079 £6.25/kWh/m?
Kyocera £810 ;3
KC200GHT-2 (1.41 m?) 142 14.1% Poly | 118.44 0.067 £6.84/KWh/m?
Uni-Solar £680 5
PVL-136 (2.16 m?) 4 63 6.29% a-SiFlex | 52 31 0.029 £13/kWh/m?

- Peak Power Output from company literature, in direct sunlight.
- Panel Cost from online searches. A comparative figure of panel cost per kwh of
energy generated in one year. Including 5% VAT for renewable technologies.

- Panel Efficiency and Type from company literature.
- Annual Electricity Output per m? from online calculator at www.nottenergy.com.
This is the energy generated by one square meter of panel in one year.

- Annual CO2 savings based on electrical emissions = 0.56185kgCO2/kWh.

- Cost/Energy is simply the product cost divided by the annual electricity output.
This figure gives a good economic comparison between products.

Mono
Poly
a-Si
Flex
Hybrid

Mono-crystalline
Polycrystalline
Amorphous Silicon
Flexible sheet
Amorphous and Mono-crystalline combination

Nottingham Energy Partnership © 2008 14




Part Four Economics and Environment
Payback Period

The payback period is the amount of time for the money savings to equal the
initial investment; it is dependent on a) the initial capital investment, b) the money
saved from electricity offset every year and c) any additional money earned.

Therefore, the period is:

Investment, £ = Payback Period, yrs
Money saved, £/yr + Money earned, £/yr

The money savings are dependent on the price of electricity offset by your PV
panels. The current average price of electricity is 11.95p/kWh.

Domestic Retail Electricity Against Oil Price

350

w

o

o
>

N
a
o

N

o

o
|

150 +

Price of Oil ($/Barrel)

100 +

50 -

0 T T T T T T T
0.0000 0.0500 0.1000 0.1500 0.2000 0.2500 0.3000 0.3500 0.4000

Domestic Retail Electricity (E/kWh)

The full relationship between oil and electricity prices is complex, but the trend is
undeniable. Rising prices of both oil and gas due to security issues, politics and
decreasing supply leads to a rise in the price of electricity we buy in our homes.

Grants

The Low Carbon Buildings Programme is funding available from the government
for renewable technologies in the home and work place. For solar voltaic
installations the maximum amount available is £2000 per kW installed capacity,
subject to an overall maximum of £2500. As such, the maximum capacity eligible
for a grant is 1.25kWpeak. This can greatly reduce your initial investment.
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You must complete certain energy efficiency improvements before you are
eligible to apply for the grant. These include:

- insulate the loft to current building regulations

- install cavity insulation if possible

- fit low energy light bulbs

- install room thermostats for your heating system.

Similar grants are available for wind turbines, small hydro, solar hot water,
ground or air source heat pumps, and biomass boilers. See the website for more
information and to apply: http://www.lowcarbonbuildings.org.uk

Exporting and ROCs

Money earned will either come from exported electricity and/or ROCs
(Renewable Obligation Certificates). These certificates are issued for every MWh
of electricity generated from renewable sources. If you have an annual
generation of 1000kWh, equal to 1MWh, this certificate can now be sold for
anywhere in between £30 and £40.

The value of electricity plus ROCs is roughly between 15.38p and 16.03p per
kWh. The lower one is for exporting at 11.95p/kWh and selling ROCs at a fixed
rate of 3.43p/kWh. The higher figure is for using all the electricity and selling the
ROCs independently at auction where the average price is 4.083p/kWh. Figures
as of June 2008.

A Typical Example:

A house with 25m? of south facing roof, with Sharp NE-L5E2E panels at an area
of 0.93m? per panel. This means you can easily fit 10 panels, each at £492 each.
A total investment of £4920, or about £7000 installed.

Grants of £2000/kWp (KWp = rated kilowatt peak generation) up to £2500 are
available from the government under the Low Carbon Buildings Programme. It
makes sense to optimise your system to receive a maximum grant, i.e. 1.25kWp.
So 10 panels comes to 10 x 0.125kWp = 1.25kWp. Therefore the maximum grant
of £2500 is received, bringing the total initial investment to £4500.

Total generating area = 9.3m?.

The panels are rated at 110.64 kWh/m?. Total energy generated yearly =
9.3m? x 110.64kWh/m? = 1029 kWh/yr.
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At the current electricity and ROC prices, this saves 1029 kWh x 16p/kWh =
£165/yr. This represents the total money saved and earned.

£4500/£165 = 27.3 year payback .

The payback period of renewable technologies looks better if we consider the
state of the market in 10, 20 or 30 years time though. Electricity prices are
unlikely to stay at their current level, with many predicting a daunting rise in all
energy prices.

Although our electricity in the UK comes from non-oil sources, there is a direct
relationship between oil, gas and electricity prices. With current trends and
predictions concerning this relationship, there are certain time lags between oil
and electricity of a few months. The relationship has two factors: time lag and
degree.

Current oil price peak is $139 per barrel, at which electricity is predicted to
stabilise at about 20p/kWh after the time lag. This is 67% more than current
prices. If ROCs stay constant at between 3.4 and 4.1p per kWh, say an average
of 3.75p/kWh. This is a payback of 23.75p/kWh, or 1029kWh/yr x 23.75p/kWh =
£244.39 saving every year. Payback period is £4500 / £244.39 = 18.4 years.

If oil prices reach $200 per barrel, electricity will stabilise around 26p/kWh. The
payback period will be 14.7 years.

If oil prices reach $300 per barrel, electricity will stabilise around 35p/kWh. The
payback period will be 11.3 years!

Oil Price ($/barrel) against Payback Period (years)
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Return on Investment

Thinking of photovoltaics as an investment, it is reasonable to want to consider
the return on your initial outlay. With current electricity prices, the return rate is
£165/yr divided by £4500, or 3.67% return.

When electricity prices stabilise for the current $139/barrel, return = 5.42%
If oil prices reach $200/barrel, return = 6.78%
If oil prices reach $300/barrel, return = 8.4%

CO2 Savings and Carbon Payback

The average UK electricity CO2 concentration in 2006 was 0.56185kgCO2/kWh.
For the example above, with a 1.25kWp installation generating 1029kWh every
year:

0.56185kgCO2/kWh X 1029kWh/year = 578.14kgCO2, or 0.578 tonnes of CO2
saved by the system.

To put this in context, the average UK household uses 3,300kWh of electricity
and 21,500 kWh of natural gas.

3,300kWh/yr X 0.56185kgCO2/kWh = 1854.1kgCO2/yr from electricity
21,500kWh/yr X 0.194kgCO2/kWh = 4171kgCO2/yr from gas.

Therefore, total UK household emissions are 6025.1k  gCO2 every year, or
about 6 tonnes.

This is the equivalent of 3043 cubic meters or over 3million litres of carbon
dioxide!

Figures for CO2 emissions due to production should be considered for
calculating a ‘carbon payback’. A typical PV would take 1625kgCO2 for creation;.
For the example above again, with the estimated CO2 savings every year, the
carbon payback is 2.8 years.
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Part Five Case Studies

Pleasant Court, Nottingham

In the summer of 2002, eight
1960s flats in inner city
Nottingham were fitted with
a total of 96 solar panels.
The mono-crystalline panels
were rated with a peak
power output of 0.12kW
each, providing a total peak
output of 11.52kW.

The rooftop was fully
exposed and orientated due
south which allowed for
maximum insolation and
generation capacity. The
array of panels, arranged in
two strings of 48, was fitted
by Solar Century and
Nottingham City Council.
Joiners fitted roof brackets
and the vertical metal
framework, whilst
electricians fitted the PVs in
position.

Inside the properties, the
electrical equipment was

fitted: isolator switches and inverters in the roof cavity, cables running down to
the consumer unit, a kWh meter, import/export meter and a data logger unit.

The expected output was predicted in between 7854 and 8415kWh per year.
Actual output data from 2005 has shown that the output was 7125kWh.

At today’s electricity co2 concentration of 0.56185kgCO2/kWh, the system saves

4003Kkg of co2 every year.

Due to the nature of the property as social housing, the project was funded by
Nottingham City Council at a total cost of £84200, or £7309 per kWp.
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Eco-House, University of Nottingham

10

Situated on University Park, the
detached 4 bedroom house is of
reasonably conventional
construction but fully equipped
with a wide selection of new
technologies: a micro vertical-
axis wind turbine, evacuated tube
solar water heating, solar
chimney, light well, and
integrated photovoltaic roof tiles.

On the south-facing roof slope,
132 Sun Slates were predicted to
generate 29% of the 3.5MWh
annual electrical load. The Sun
Slates, each comprising 6 mono-
crystalline cells, has a peak rating
of 1.568kW. Over an area of
15.9m?, the predicted yield is
1009kWh/yr. The initial
investment was £22145, or
£14123 per KWp.

As can be seen from the
incomplete graph on the right, the
predictions were somewhat
higher than actual outputs. This

can be attributed to partial shading from nearby trees, and PV overheating. The
second problem is common with crystalline cells and can be solved by ventilating

behind the panels.

Predicted PV output (black) and building
Load (white) on a sunny day in June

Nottingham Energy Partnership © 2008
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Comparison between measured (grey)
and predicted (white) PV generation
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