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| ntroducing Solar
Energy

Ninety-three million miles from
Earth, our sunis 333,000 times the
size of our planet. It has a diameter
of 865,000 miles, a surface
temperature of 5,600AC and a core
temperature of 15,000,000AC. Itisa
huge mass of constant nucl ear
activity.

Directly or indirectly, our sun
provides all the power we need to
exist and supports all life forms.
The sun drives our climate and our



weather. Without it, our world
would be a frozen wastel and of ice-
covered rock.

Solar electricity is awonderful
concept. Taking power fromthe sun
and using it to power electrical
equipment is aterrificidea. There
are no ongoing electricity bills, no
reliance on a power socket: afree
and everlasting source of energy
that does not harm the planet!

Of course, thereality isalittle
different fromthat. Yet generating
electricity fromsunlight aloneisa
powerful resource, with
applications and benefits throughout



the world.

But how does it work? For what is
it suitable? What are the
limitations? How much does it
cost? How do youinstall it? This
book answers all these questions
and shows you how to use the
power of the sun to generate

el ectricity yourself.

Along the way, | will also expose a
few myths about some of the wilder
claims made about solar energy and
| will show you where solar power
may only be part of the solution.
Although undoubtedly there are
some significant environmental



benefits of solar electricity, | will
al so be talking about where its
environmental credentials have
been oversold.

| will keep the descriptions as
straightforward as possible. There
IS some mathemati cs and science
involved. Thisis essential to allow
you to plana solar electric

install ation successfully. However,
none of it is complicated and there
are plenty of short-cuts to keep

things simple.
The book includes a number of

exampl e projects to show how you
can use solar electricity. Some of



these are very straightforward, such
as providing electrical light for a
shed or garage, for example, or
fitting a solar panel to the roof of a
caravan or boat. Others are more
complicated, such asinstalling
photovoltaic solar panelsto a
house.

| a so show some rather more
unusual examples, such as the
possibilities for solar electric
motorbikes and cars. These are
exampl es of what can be achieved
using solar power alone, along with
alittle ingenuity and determination.

| have used one main example



throughout the book: providing
solar-generated el ectricity for a
holiday home which does not have
access to an el ectricity supply from
the grid. | have created this example
to show the issues and pitfalls that
you may encounter along the way,
based onreal life issues and
practical experience.

A website accompanies this book.
It has | ots of useful information,
along with lists of suppliers and a
suite of online solar energy
calculators that will simplify the
cost analysis and design processes.

The websiteis at



www. Sol ar El ectricityHandbook.cot



Who this book I1s amed

at

If you simply warnt to gain an

under standing about how solar

el ectricity works then this handbook
will provide you with everything
you need to know.

If you are planning to install your
own stand-alone solar power
system, this handbook is a
comprehensive source of
information that will help you
understand solar and guide you in
the design and install ation of your
own solar electric system.



Solar has a big application for
integrating into electrical products:
mobile phones, |aptop computers,
portable radios. Evenlight electric
cars can use solar energy to provide
some or all of their power
requirements, depending onthe
application. If you are a designer,

| ooking to see how you can
Integrate solar into your product,
this book will give you a grounding
in the technol ogy that you will need
to get you started.

If you are specifically looking to
install agrid-tie system, i.e. asolar
energy systemthat will feed



el ectricity back into your local
power grid, this book will provide
you with a good foundation and will
allow youto carry out the design of
your system. Youwill still need to
check the local planning laws and
any other local legislation
surrounding the install ation of solar
energy systems, and you will have
to understand the building of
electrical systems. In some
countries, you specifically need to
be certified in order to carry out the
physical installation of agrid-tie
system.

If you are planning to install larger,
commerciali size systems, or if you



are hoping to install grid-tie solar
systems professionally, then this
book will serve as a good
introduction, but youwill need to
grow your knowledge further. This
book gives you the foundati ons you
need inorder to build this
knowledge, but there are special
skills required when designing and
implementing larger scale solar
systems that go far beyond what is
required for smaller systems and
are beyond the scope of this book.

If you are planning your own solar
installation, it will help if you have
some DIY skills. Whilst | include a



chapter that explains the basics of
electricity, afamiliarity withwiring
is also of benefit for smaller
projects and you will require a
thorough understanding of electrical
systems if you are planning alarger
project such as powering a house
with solar.



The rapidly changing
world of solar energy

| wrote the first edition of this book
early in2009. It isnot along time
ago. Yet this 2012 issue is the sixth
edition. Inevery edition, | have had
to rewrite significant sections of the
book and significantly update the
website in order to keep up withthe
rapid pace of change.

The rapid improvement inthe
technol ogy and the freefall in costs
since early 2009 have transformed
the industry. Systems that were
compl etely unaffordabl e or
impractical just two or three years



ago are now cost-effective and
achievable.

Solar panels available today are
smaller, more robust and better

val ue for money than ever before.
For many more applications, solar
IS now the most cost-effective way
to generate el ectricity.

Over the coming years, all the signs
are that the technol ogy and the
industry will continue to evolve at a
similar pace. By 2015, solar will
be the cheapest form of electricity
generator, undercultting traditionally
|low-cost electricity generators such
as coal-fired power stations. We



are likely to see solar energy
incorporated into more everyday
obj ects such as laptop computers,
mobi | e phones, backpacks and
clothing. Meanwhile, solar energy
IS causing arevolution for large
areas of Asiaand Africa, where
entire communities are now gaining
access to electricity for the first
time.

As an easy-to-use and low-carbon
energy generator, solar is without
equal. Its potential for changing the
way we think about energy inthe
futureis huge. For families and
businessesinrural Africanand
Asianvillages, itiscreating a



revol ution.



Solar dectricity and solar
heating

Solar electricity is produced from
sunlight shining on photovoltaic
solar panels. Thisisdifferent to
solar hot water or solar heating
systems, where the power of the sun
IS used to heat water or air.

Solar heating systems are beyond
the remit of this book. That said,
there is some useful information on
surveying and positioning your
solar panels later onthat is relevant
to both solar photovoltaics and
solar heating systems.



If you are planning to use solar
power to generate heat, solar
heating systems are far more
efficient than solar el ectricity,
requiring far smaller panelsto
generate the same amount of energy.

Solar electricity is oftenreferred to
as photovoltaic solar, or PV solar.
This describes the way that
electricity is generated ina solar
panel.

For the purposes of this book,
whenever | refer to solar panels|
am talking about photovoltaic solar
panel s for generating el ectricity,
and not solar heating systens.



The source of solar

power

Deep in the centre of the sun,

i ntense nucl ear activity generates
huge amounts of radiation. Inturn,
this radi ation generates light energy
called photons. These photons have
no physical mass of their own, but
carry huge amounts of energy and
momentum.

Different photons carry different
wavel engths of light. Some photons
will carry non-visible light (infra-
red and ultra-violet), whilst others
will carry visible light (white
light).



Over time, these photons push out
from the centre of the sun. It can
take one million years for a photon
to push out to the surface fromthe
core. Once they reach the sunds
surface, these photons rush through
space at a speed of 670 million
miles per hour. They reach earthin
around el ght minutes.

Ontheir journey fromthe sunto
earth, photons can collide with and
be deflected by other particles, and
are destroyed on contact with
anything that can absorb radiation,
generating heat. That iswhy you
feel warm on a sunny day: your



body is absorbing photons from the
sun.

Our atmosphere absorbs many of
these photons before they reach the
surface of the earth. That is one of
the two reasons that the sun feels so
much hotter inthe middle of the
day. The sunis overhead and the
photons have to travel through a
thinner layer of atmosphere to reach
us, compared to the end of the day
when the sunis setting and the
photons have to travel through a
much thicker layer of atmosphere.

Thisis also one of the two reasons
why a sunny day inwinter is so



much colder than a sunny day in
summer. Inwinter, when your
location on the earth is tilted away
from the sun, the photons have to
travel through a much thicker layer
of atmosphere to reach us.



Diagram A Diagram B
Midday Evening

(The other reason that the sunis
hotter during the middle of the day
than at the end i s because the
intensity of photons is much higher



at mdday. Whenthe sunislow in
the sky, these photons are spread
over agreater distance simply by
the angle of your location on earth
relative to the sun.)



The principles of solar
electricity
A solar panel generates electricity

using the photovoltaic effect, a
phenomenon discovered inthe early

19th century when scientists
observed that certain materials
produced an el ectric current when
exposed to light.

Two layers of a semi-conducting
material are combined to create this
effect. One layer hasto have a
depleted number of electrons. When
exposed to sunlight, the layers of
material absorb the photons. This



excites the el ectrons, causing some
of themto Gumpofrom one layer to
the other, generating an el ectrical
charge.

The semi-conducting material used
to build asolar cell issilicon, cut
into very thin wafers. Some of these
wafers are then cdopedbto

contami nate them, thereby creating
an el ectron imbalance in the wafers.
The wafers are thenaligned
together to make a solar cell.
Conductive metal strips attached to
the cells take the electrical current.

When a photon hit the solar cell, it
can do one of three things: it can be



absorbed by the cell, reflected off
the cell or pass straight through the
cell.

It is when a photon is absorbed by
the silicon that an electrical current
IS generated. The more photons (i.e.
the greater intensity of light) that are
absorbed by the solar cell, the
greater the current generated.

Solar cells generate most of their
electricity fromdirect sunlight.
However, they also generate

el ectricity on cloudy days and some
systems can even generate very
small amounts of electricity on
bright moonlit nights.



Individual solar cellstypically only
generate tiny amounts of electrical
energy. To make useful amounts of
el ectricity, these cells are
connected together to make a solar
modul e, otherwise known as a solar
panel or, to be more precise, a
photovoltaic module.



Understanding the

terminol ogy

Inthis book, | use various terms
such as ésolar €electricityd Gsolar
energyband Gsolar powerd Hereis
what | mean when | amtalking
about these terms:

Solar power isageneral termfor

generating power, whether heat or
el ectricity, fromthe power of the

sun.

Solar energy refers to the energy
generated from solar power,
whether electrical or as heat.

Solar electricity refersto



generating electrical power using
photovoltaic solar panels.

Solar heating refers to generating
hot water or warmair using solar
heating panel's or ground-source
heat pumps.



Setting expectations for

solar eectricity

Solar power is a useful way of
generating modest amounts of
electricity, solongasthereisa
good amount of sunlight available
and your locationis free from
obstacles such as trees and other
buildings that will shade the solar
panel fromthe sun.

Solar experts will tell you that solar
electricity is normally only
cost-effective where there is no
other source of electricity
available.



Whilst thisis often the case, there
are plenty of exceptions to thisrule.
Often solar electricity can be
extremely practical and can save
you money over the more traditional
alternatives. Some examples might
include:

1 Installingalight or a power
source somewhere whereitis
tricky to get a standard
el ectricity supply, suchasin
the garden, shed or remote
garage

1 Creatingareliable and
conti NuUoUs power source
where the standard el ectricity



supply is unreliable because
of regular power cuts

1 Building a mobile power
source that you can take with
you, such as a power source
for use whilst camping,
working on outdoor DIY
projects or working on a
building site

1  Creating green energy for
your own use and selling
surplus energy production
back to the el ectricity
suppliers through afeed-in
tariff

The amount of energy you need to



generate has a direct bearing onthe
size and cost of a solar electric
system. The more el ectricity you
need, the more difficult and more
expensive your systemwill
become.

If your requirements for solar
electricity areto runafew lights, to
run some relatively low-power
electrical equipment suchasa
|aptop computer, asmall TV, a
compact fridge and afew other
small bits and pieces, thenif you
have a suitable |ocation you can
achieve what you want with solar.

On the other hand, if you want to



run high-power equipment such as
fan heaters, washing machines and
power tools, you are likely to find
that the costs will rapidly get out of
control .

As | mentioned earlier, solar
electricity isnot well suited to
generating heat: heating rooms,
cooking and heating water all take
up significant amounts of energy.
Using electricity to generate this
heat is extremely inefficient. Instead
of using solar electricity to generate
heat, you should consider a solar
hot water heating system, and
heating and cooking with gas or
solid fuels.



It is possible to power the average
family home purely on solar

el ectricity without making any cuts
inyour current electricity
consumption. However, it is not
cheap, and you will need alot of
roof spaceto fit all the panels! Itis
usually a good ideato carefully
eval uate your el ectricity usage and
make savings where you can before
you proceed.

Most househol ds and businesses are
very inefficient with their electrical
usage. Spending some time first
identifying where electricity is
wasted and eliminating thiswaste is



an absol ute necessity if you want to
implement solar electricity
cost-effectively.

Thisisespecialy trueif youlivein
cooler climates, such as Northern
Europe or Canada, where the
winter months produce much lower
levels of solar energy. Inthe United
Kingdom, for instance, the roof of
the average-sized home is not large
enough to hold all the solar panels
that would be required to provide
the electricity used by the average
househol d throughout the year. In
this instance, making energy savings
IS essential .



For other applications, a solar
electric installation is much more
cost-effective. For instance, no
matter which country youlivein,
providing electricity for aholiday
home is well within the capabilities
of asolar electric system, so long
as heating and cooking are catered
for using gas or solid fuels and the
siteisinasunny position withlittle
or no shade. Inthis scenario, a solar
el ectric system may be more
cost-effective thaninstalling a
conventional electricity supply if
the house is off-grid and is not
closeto agrid electricity
connection.



If your requirements are more
modest, such as providing light for
alock-up garage, for example, there
are off-the-shelf packagesto do this
for avery reasonable cost. Around
A70i A100 ($110i $160) will
provide you with a lighting system
for ashed or small garage, whilst
A200 ($300) will provide you with
a system big enough for lighting
|arge stables or aworkshop.

Thisisfar cheaper thaninstalling a
conventional electricity supply into
a building, which can be expensive
evenwhenalocal supplyis
available just outside the door.



Low-cost solar panels are also
ideal for charging up batteriesin
caravans and recreational vehicles
or on boats, ensuring that the
batteries get atrickle charge
between trips and keeping the
batteries in tip-top condition whil st
the caravan or boat is not in use.



Why choose a solar
electric system?
There are a number of reasons to

consider installing a solar electric
system:

1 Wherethereis no other
source of electrical power
available, or where the cost
of installing conventional
electrical power istoo high

1 Where other sources of
electrical power are not
reliable. For example, when
power cuts are anissue and a
solar systemcanact asa



cost-effecti ve contingency

When a solar electric
systemis the most convenient
and safest option. For
example, installing low
voltage solar lightingina
garden or providing courtesy
lighting in aremote location

Y ou can become entirely
self sufficient with your own
electrical power

Onceinstalled, solar power
provides virtually free power
without damaging the
environment



Cost-justifying solar
Cal cul ating the true cost of

installing a solar electric system
depends on various factors:

1  The power of the sun at
your |ocation at different
times of the year

1 How much energy you need
to generate

1 How good your siteisfor
capturing sunlight

Compared to other power sources,
solar electric systems typically
have a comparatively high capital
cost, but alow ongoing mai ntenance



cost.

To create a comparison with
alternative power sources, you will
often need to cal cul ate a payback of
costs over a period of afew years
inorder to justify theinitial cost of
asolar electric system.

Onall but the simplest of

install ations, you will need to carry
out a survey onyour site and carry
out some of the design work before
you can ascertain the total cost of
installing a photovoltaic system. Do
not panic: thisis not as frightening
asit sounds. Itisnot difficult and |
cover itindetail inlater chapters.



We can then use this figure to put
together a cost-j ustification on your
project to compare with the
alternatives.



Solar power and wind

power

Wind turbines can be a good
alternative to solar power, but
probably achieve their best when
implemented together with a solar
system: a small wind turbine can
generate electricity in a breeze even
when the sunis not shining.

Small wind turbines do have some
disadvantages. Firstly, they are very
site-specific, requiring higher than
average wind speeds and minimal
turbulence. They must be higher
than surrounding buildings and
away fromtall trees. If you live on



awindswept farmor close to the
coast, a wind turbine can work
well. If youliveinabuilt-up area
or close to trees or main roads, you
will find awind turbine unsuitable
for your needs.

Compared to the large wind

turbi nes used by the power
companies, small wind turbines are
not particularly efficient. If you are
planning to install a small wind
turbi ne in combination with a solar
el ectric system, a smaller wind
turbine that generates a few watts of
power at lower wind speedsis
usually better than alarge wind



turbine that generates | ots of power
at high wind speeds.



Fud cdlls

Fuel cells can be a good way to
supplement solar energy, especially
for solar electric projects that
require additional power inthe
winter months, when solar energy is
at a premum.

A fuel cell works like a generator.
It uses a fuel mixture such as
methanol, hydrogen or zinc to create
electricity.

Unlike a generator, afuel cell
creates energy through chemical
reactions rather than through
burning fuel inamechanical engine.
These chemical reactions are far



more carbon-efficient than a
generator.

Fuel cells are extremely quiet,
although rarely compl etely silent,
and produce water as their only
emission. This makes them suitable
for indoor use withlittle or no
vertil ation.



Grid-tied solar €ectric

systems

Grid-tied solar electric systems
connect directly into the el ectricity
grid. When the sunis shining during
the day, excess el ectricity feeds into
the grid. During the evening and
night, when the solar panels are not
providing sufficient power,
electricity is taken fromthe grid as
required.

Grid-tied solar electric systems
effectively create a micro power
station. Electricity can be used by
other people as well as yourself. In
some countries, owners of grid-tied



solar electric systems receive
payment for each kil owatt of power
they sell to the electricity
providers.

Because a grid-tied solar electric
system becomes part of the utility
grid, the systemwill switch off in
the event of a power cut. It does this
to stop any current flowing back
into the grid, which could be fatal
for engineers repairing a fault.



Solar ectricity and the

environment

Onceinstalled, a solar electric
systemis alow-carbon el ectricity
generator: the sunlight is free and
the system mai ntenance is extremely
low.

There is a carbon footprint
associated with the manufacture of
solar panels, and inthe past this
footprint has been quite high,

mai nly due to the relatively small
volumes of panels being
manufactured and the chemicals
required for the adopingbof the
siliconinthe panels.



Thanks to improved manufacturing
techniques and higher volumes, the
carbon footprint of solar panelsis
now much lower. You can typically
offset the carbon footprint of
building the solar panels by the
energy generated within 2i 5 years,
and some of the very latest
amorphous thin-film solar panels
can recoup their carbon footprint in
as little as six months.

Therefore, a solar electric system
that runs as a conpl ete stand-al one
system can reduce your carbon
footprint, compared to taking the
same power fromthe grid.



Grid-tied solar systems are slightly
different intheir environmental
benefit, and their environmental
payback varies quite dramatically
fromregion to region, depending on
a number of factors:

1 How grid electricity is
generated by the power
companiesinyour area (coal,
gas, nuclear, hydro, wind or
solar)

1  Whether or not your
el ectricity generation
coi ncides with the peak
el ectricity demand in your
area (such as air conditioning



usage in hot climates, or high
electrical usage by nearby
heavy industry)

It i's therefore much more difficult to
put an accurate environmental
payback figure on grid-tied solar
systems.

It is undeniably true that some
people who have grid-tied solar
power actually make no difference
to the carbon footprint of their
home. In colder climates, the

mgj ority of electricity consumption
Isinthe evenings and during the
winter. If you have grid-tie solar
but sell most of your energy to the



utility companies during the day in
the summer and then buy it back to
consume in the evenings and inthe
winter, you are making little or no
difference to the overall carbon
footprint of your home. In effect,
you are selling your electricity
when there is a surplus and buying
it back when there is high demand
and all the power stations are
working at full load.

Inwarmer climates, solar energy
can make a difference. Inahot area,
peak energy consumption tends to
occur on sunny days as people try to
keep cool withair conditioning. In
this scenario, peak el ectricity



demand occurs at the same time as
peak energy production fromasolar
array, and a grid-tie solar system
can be a perfect fit.

If you live inacolder climate, this
does not mean that there is no point
ininstalling agrid-tie solar system.
It does mean that you need to take a
good hard look at how and when
you consume el ectricity. Do not just
assume that because you can have
solar panels on the roof of your
house, you are automatically

hel pi ng the environment.

From an environmental perspective,
If you wish to get the very best out



of a grid-tie system, you should try
to achieve the following:

1 Usethe power you generate
for yourself

1 Usesolar energy for high
|oad applications such as
clothes washing

1 Reduce your own power
consumption fromthe grid
during times of peak demand

Environmental efficiency:
comparing supply and
demand

Thereis anonline calculator that




will alow you to map your

el ectricity usage over a period of a
year and compare it with the amount
of sunlight available to your home.
Designed specifically for grid-tie
installations, this cal culator allows
you to see how close afit solar
energy isinterms of supply and
demand.

Whilst this online calculator is no
substitute for a detailed el ectrical
usage survey and research into the
exact source of the electricity
supplied to you at your location, it
will give you a good indication of
the likely environmental
performance of a solar energy



system.

To use this online calculator, you
will need to collate information
about your electricity usage for
each month of the year. You will
usually find this information on your
electricity bill or by contacting your
electricity provider. Thenvisit
www. Sol ar El ectricityHandbook.cor
follow the links to the Grid-Tie
Solar Calculator inthe Online
Calculators section and fill inthe
online questionnaire.



In conclusion

1 Solar electricity canbe a
great source of power where
your power requirements are
modest, there is no other
source of electricity easily
available and you have a
good amount of sunshine

1 Solar electricity is not the
same as solar heating

1 Solar panels absorb photons
from sunlight to generate
electricity

1 Direct sunlight generates the
most el ectricity. Dull days



still generate some power

Solar electricity isunlikely
to generate enough el ectricity
to power the average family
home, unless major
economies in the household
power requirements are made
first

Larger solar electric
systems have a comparatively
high capital cost, but the
0Ngoi ng mai ntenance costs
arevery low

Smaller solar electric

system can actually be
extremely cost-effective to



buy and install, even when
compared to a conventional
el ectricity supply

It can be much cheaper
using solar electricity at a
remote building, rather than
connectingitto a
conventional grid electricity

supply

Stand-al one solar energy
systems can have abig
environmental benefit if they

negate the need for a
connection to grid power

Grid-tie solar energy
systems have an



environmental benefitin
sunny climates where typical
el ectricity usage patterns are
similar to the supply of
sunlight

In colder regions, where
el ectricity usage is highest
when sunlight is in short
supply, the environmental
benefits are less certain



A Brief Introduction
to Electricity

Before we can start playing with
solar power, we need to talk about
electricity. To be more precise, we
need to talk about voltage, current,
resistance, power and energy.

Having these terms clear in your
head will help you to understand
your solar system. It will also give
you confidence that you are doing
the right thing when it comes to
designing and installing your
system.



Dond panic

If you have not |ooked at electrics
since you were learning physics at
school, some of the principles of
electricity can be a bit daunting to
start with. Do not worry if you do
not fully grasp everything on your
first read through.

There are afew calculations that
| show on the next few pages, but |
am not expecting you to remember
themall! Whenever | use these
calculations later oninthe book, |
show all my workings and, of
course, you can refer back to this
chapter as you gain more



knowl edge on solar energy.

Furthermore, the website that
accompani es this book includes a
number of online tools that you can
use to work through most of the
calculations involved indesigning a
solar electric system. You will not
be spending hours with a slide-rule
and reams of paper working all this
out by yourself.



A brief introduction to
electricity

When you think of electricity, what
do you think of? Do you think of a
battery that is storing el ectricity?
Do you think of giant overhead
pylons transporting el ectricity? Do
you think of power stations that are
generating el ectricity? Or do you
think of a device like a kettle or
television set or electric motor that
IS consuming el ectricity?

The word electricity actually
covers a number of different
physical effects, all of which are
rel ated but di stinct from each other.



These effects are el ectric charge,
electric current, electric potential
and el ectromagneti sm:

1 Anelectricchargeisa
build-up of electrical energy.
It is measured in coulombs. In
nature, you can witness an
electric chargeinstatic
electricity or inalightning
strike. A battery stores an
electric charge

1 Anelectric current isthe
flow of an electric charge,
such as the flow of electricity
throughacable. Itis
measured in amps



1 Anelectric potential refers
to the potential differencein
electrical energy between
two points, such as between
the positive tip and the
negative tip of a battery. Itis
measured involts. The
greater the electric potential
(volts), the greater capacity
for work the electricity has

1 Electromagnetismisthe
rel ationship between
el ectricity and magnetism,
which enables el ectrical
energy to be generated from
mechanical energy (suchasin



a generator) and enables
mechanical energy to be
generated from el ectrical
energy (suchasinanelectric
motor)



How to measure
electricity

Voltage refers to the potential
difference between two points. A
good example of thisisan AA
battery: the voltage is the difference
between the positive tip and the
negative end of the battery. Voltage
is measured in volts and has the
symbol ova

Current isthe flow of electronsina
circuit. Current is measured in
amps (A) and has the symbol da If
you check a power supply, it will
typically show the current on the
supply itself.



Resistance i s the opposition to an
electrical current inthe material the
current is flowing through.
Resistance is measured in ohms and
has the symbol dRa

Power measures the rate of energy
conversion. It is measured in watts
(W) and has the symbol &P& You
will see watts advertised when
buying a kettle or vacuum cleaner:
the higher the wattage, the more
power the device consumes and the
faster (hopefully) it does itsjob.

Energy refers to the capacity for
work: power multiplied by time.
Energy has the symbol ¢EG Energy



Is usually measured injoules (a
joule equal s one watt-second), but
electrical energy is usually shown
as watt-hours (Wh), or kilowatt-
hours (kwh), where 1 kwh = 1,000
Wh.



The relationship between
volts, amps, ohms, watts
and watt-hours

Volts
Current X Resistance = Volts

IXR=V

Voltageis equal to current
multiplied by resistance. This
calculation is known as Ohmés
Law. Aswith power calculations,
you can express this calculation in
different ways. If you know volts
and current, you can calcul ate
resistance. If you know volts and




resi stance, you can cal cul ate
current:

Volts 6 Resistance = Current
VoR=I
Volts 6 Current = Resistance
Vol=R
Power
Volts x Current = Power
VxI=P

Power is measured inwatts. It
equal s volts times current. A 12-
volt circuit with a4-amp current
egual s 48 waitts of power (12 x4 =
48).



Based on this cal culation, we can
also work out voltage if we know
power and current, and current if
we know voltage and power:

Power 6 Current = Volts
P6I=V
Example: A 48-watt motor with a
4-amp current is running at 12 volts.
48 watts 6 4 amps = 12 volts
Current = Power 0 Volts
|=PdV
Example: a 48-watt motor with a

12-volt supply requires a4-amp
curren.



48 watts 0 12 volts = 4 amps

Power (watts) is also equal to the
square of the current multiplied by
the resi stance:

Current] x Resistance = Power
| xR=P

Energy

Energy is a measurement of power
over aperiod of time. It shows how
much power is used, or generated,
by a device, typically over a period
of an hour. In electrical systens, it
IS measured in watt-hours (Wh) and
kil owatt-hours (KWh).

A device that uses 50 watts of



power, has an energy demand of
50Wh per hour. A solar panel that
can generate 50 watts of power per
hour, has an energy creation
potential of 50Wh per hour.

However, because solar energy
generationis so variable, based on
temperature, weather conditions,
the time of day and so on, a new
figureis now often shown
specifically for solar systems: a
waltt-peak (Wp) rating.

A watt-peak rati ng shows how
much power can be generated by a

solar panel at its peak rating. It has
been introduced to highlight the fact



that the amount of energy a solar
panel can generateis variable and
to remind consumers that a solar
panel rated at 50 watts is not going
to be producing 50 watt-hours of
energy every single hour of every
single day.



A word for non-

el ectricians

Realistically, if you are new to
electrical systems, you should not
be planning to install a big solar
energy systemyourself. If you want
alow-voltage systemto mount to
the roof of a boat, garden shed or
barn, or if you want to play with the
technol ogy and have some fun, then
great: this book will tell you
everything you need to know.
However, if the limit of your
electrical knowledgeiswiringa
plug or replacing a fuse, you should
not be thinking of physically wiring



and installing a solar energy system
yourself without |earning more
about electrical systems and
electrical safety first.

Furthermore, if you are planning to
install asolar energy systemto the
roof of ahouse, be aware that in
many parts of the world you need to
have electrical qualificationsin
order to carry out even simple
household wiring.

That does not mean that you cannot
specify a solar energy system,

cal cul ate the size you need and buy
the necessary hardware for abig
project. It does mean that you are



going to need to employ a specialist
to check your design and carry out
the instal lation.



In conclusion

1  Understanding the basic
rules of electricity makes it
much easier to put together a
solar electric system

1 Aswithmany thingsinlife,
a bit of theory makes a lot
more sense when you start

applyingitin practice
1 Ifthisisyour first
introduction to electricity,

you may find it useful to run
through it a couple of times

1 Youmay aso find it useful
to bookmark this section and



refer back to it as you read on

Youwill also find that,
once you have learned a bit
more about solar electric
systems, some of the terms
and calculations will start to
make a bit more sense.

If you are not an electrician,
be realistic inwhat you can
achieve. Electrics can be
dangerous and you do not
want to get it wrong. You can
do most of the designwork
yourself, but you are going to
need to get aspecialistinto
check your design and carry



out the install ation.



The Four
Configurations for
Solar Power

There are four different
configurations you can choose from
when creating a solar electricity
installation. These are stand-alone
(sometimes referred to as off-grid),
grid-tie, grid-tie with power backup
(also known as grid interactive)
and grid fallback.

Hereis a brief introduction to these
different configurations:



Stand-a one/off-grid

Worldwide, stand-al one solar
photovoltaic install ations are the
most popul ar type of solar
installationthereis. It is what solar
photovoltaics were originally
created for: to provide power at a
|ocation where there is no other
source easily available.

Whether it is powering a shed light,
providing power for a pocket
calculator or powering a complete
off-grid home, stand-al one systems
fundamentally all work in the same
way: the solar panel generates
power, the energy isstored ina



battery and then used as required.

In general, stand-alone systems are
comparatively small systens,
typically with a peak power
generation of under one kilowaitt.

Almost everyone can benefit froma
stand-alone solar system for
something, evenif it is something as
mundane as providing an outside
light somewhere. Evenif you are
planning on somethi ng much bi gger
and grander, it is often a good idea
to start with avery small and

simpl e stand-al one systemfirst.
Learn the basi cs and then progress
fromthere.



Examples of simple stand-
alone systems

The vending machine

ByBox is a manufacturer of
electronic lockers. These are
typically used for left luggage at
raillway stations or at airports, or
sSituated at shopping malls or fuel
stations and used as part of a
delivery service for people to
collect internet deliveries, so they
do not need to wait at home.

One of the biggest issues with

el ectronic | ockers has often been
finding suitabl e | ocations to place
them where a power sourceis



available. ByBox overcame this
Issue by building an electronic
locker with a solar roof to provide
permanent power to the locker.

The solar roof provides power to a
set of batteries inside the locker.
When not in use, the locker itself is
in standby mode, thereby consuming
minimal power. When a customer
wishes to use the locker, they press
the START button and use the
locker as normal.

The benefit to ByBox has been
twofold: they caninstall alocker
bank in any location, without any
dependence on a power supply.



Secondly, the cost of the solar
panels and controllersis often less
than the cost of installing a separate
electricity supply, evenif thereis
one nearby.

Recreational vehicles

Holidaying with recreational
vehicles or caravansis onthe
increase, and solar energy is
changing the way peopl e are going
on holiday.

In the past, most RV owners elected
to stay on larger sites, which
provided access to electricity and
other facilities. As recreational

vehi cles themsel ves become more



|uxurious, however, people are now
choosing to travel to more remote
locations and live entirely Goff-
gridg using solar energy to provide
el ectricity wherever they happen to
be. Solar is being used to provide
all the comforts of home, whilst
offering holidaymakers the freedom
to stay wherever they want.



Grid-tie

Grid-tieis gaining popularity in
Europe and the United States. This
Is due to the availability of grants to
reduce the install ation costs and the
ability to earn money by selling

el ectricity back into the electricity
compani es through a feed-in tariff.

Feed-in tariff schemes vary around
the world and are not available
everywhere. Where they exist, your
local electricity company buys

el ectricity fromsolar producers at
an agreed rate per kilowatt-hour. In
some countries, this price has been
set at aninflated rate by government



in order to encourage people to
install solar. In other countries and
regions, the price is agreed by the
el ectricity compani es themsel ves.

In a grid-tie system, your home runs
on solar power during the day. Any
surplus energy that you produceis
then fed into the grid. Inthe
evenings and at night, when your
solar energy systemis not
producing el ectricity, you then buy
your power fromthe el ectricity
companies in the usual way.

The benefit of grid-tie solar
installations i s that they reduce your
reliance on the big el ectricity



companies and ensure that more of
your electricity is produced inan
environmental ly efficient way.

One disadvantage of most grid-tie
systemsisthat if thereis a power
cut, power fromyour solar array is
also cut.

Grid-tie canwork especialy well
in hot, sunny climates, where peak
demand for electricity fromthe grid
often coincides with the sun shining,
thanks to the high power demand of
air conditioning units. Grid-tie also
works well where the owners use
most of the power themsel ves.



An example of agrid-tie

system

S Gelatosisasmall Florida-based
|ce-cream manufacturer. 1n 2007,
they installed solar panels on the
roof of their factory to provide
power and offset some of the energy
used in running their cold storage
facility.

ARunning industrial freezersis
extremely expensive and consumes
alot of power,0 explains Dan
Foster of Si Gelatos. fRealistically,
we could not hope to generate all of
the power fromsolar, but we felt it
was important to reduce our overall




power demand and solar allowed
us to do that.0

Cold storage facilities consume
most of their power during the day
in the summer, when solar is
running at its peak. Since installing
solar power, S Gelatos has seenits
overall energy consumption drop by
40% and now hardly takes any
power fromthe utilities during peak
operating times.

ASolar has done three things for our
business,0 says Dan. fiFirstly, itisa
very visible sign for our staff that
we are serious about the
environment. Thisin turn has made



our employees more aware that they
need to do their bit by making sure
lights and equi pment are switched
off when they are not needed.
Secondly, it shows our customers
that we care for the environment,
which has definitely been good for
goodwill and sales. Thirdly, and
most i mportantly, wedre genuinely
making areal contribution to the
environment, by reducing our

el ectricity demand at the time of
day when everyone el se(s demand
for electricity ishighaswell.o



Grid-tie with power
backup (grid interactive)
Grid-tie with power backup i also
known as a grid interactive system
I combines a grid-tie installation
with a bank of batteries.

As with grid-tie, the concept is that
you use power from your solar
array when the sun shines and sell
the surplus to the power companies.
Unlike a standard grid-tie system,
however, a battery bank provides
contingency for power cuts so that
you can conti nue to use power from
your system.



Typically, youwould set up
(protected circuitsdwithin your
building that will continue to
receive power during a power
outage. This ensures that essential
power remains available for
running lights, refrigeration and
heating controllers, for example,
whilst backup power is not wasted
oninessential items such as

tel evisions and radios.

If there is a potential for main
power to be |ost for several days, it
IS aso possible to design a system
to incorporate other power
generatorsinto agrid interactive



system, such as a generator. This
would allow agrid interactive
systemto work as a highly efficient
uninterruptable power supply
(UPS) for extended periods of time.

The cost of a grid-tie systemwith
power backup is higher than a
standard grid-tie system, because of
the additional cost of batteries and
battery controllers. Typically,
having power backup will add

121 20% of additional costsover a
standard grid-tie system.

Aswith normal grid-tie systems, it
IS possible to sell surplus power
back to the utility companiesin



some countries, allowing you to
earn an income from your solar
energy system.

An example of agrid
interactive system

Grid interactive systems are gaining
popularity with rural farmsinthe
United Kingdom, where even short
power blackouts can cause
significant disruption.

Traditionally, farms have countered
this by using generators to provide
light and power. However, between
2009 and 2011, when the UK
Government were offering large




incentives for installing solar
power, many farmers fitted grid

| nteractive systems onto their
buildings, providing themsel ves
with anincome by selling
electricity to the electricity utility
companies and giving themsel ves
backup power in case of a power
blackouit.

The additional cost of installing a
grid interactive systemover a
standard grid-tie systemis more
than offset by the low running costs
and ease of use of the system.
Farmers do not need to buy and run
generators and the systemis almost
entirely maintenance-free. Thisisa



big contrast with generator systemns,
which need to be tested and run
regularly in order to ensure they are
working effectively.



Grid fallback

Grid fallback is alesser-known
system that makes a |l ot of sense for
smaller household solar power
systems. For most household solar
installations where solar is being
installed for technical or
environmental reasons, grid
fallback is my preferred sol ution.
Operationally it is effective, itis
cost-effectiveand itis
environmentally extremely efficient.

With agrid fallback system, the
solar array generates power, which
in turn charges a battery bank.
Energy is taken from the battery and



run through an inverter to power
one or more circuits fromthe
distribution panel in the house.

When the batteries runflat, the
system automati cally switches back
to the grid power supply. The solar
array then recharges the batteries
and the system switches back to
solar power.

With a grid fallback system, you do
not sell electricity back to the

el ectricity companies. All the
power that you generate, you use
yourself. This means that some of
the grants that are available for
solar installations in some countries



may not be available to you. It also
means that you cannot benefit from
selling your electricity back to the
el ectricity companies.

For this reason, grid fallback makes
more sense in countries where there
Is no feed-intariff available, such
as India, or in countries like
Australia that have financial
incentives available for both grid-
tied and off-grid systems.

Grid fallback systems provide most
of the benefits of a grid interactive
system, with the additional benefit
that you use your own power when
you need it, rather than when the sun



Is shining. This reduces your
reliance on external electricity
supplies during peak | oad periods,
which ensures that your system has
anoverall environmental benefit.

The other significant benefit of a
grid fallback systemis cost: you
can genuinely build a useful grid
fallback systemto power one or
more circuits within a house for a
very small investment and expand it
as budget allows. | have seen grid
fallback systemsinstalled for under
A400 ($680), providing a useful
amount of power for ahome. In
comparison, even avery modest
grid-tie system costs several



thousands of pounds.

Thereis acrossover point where a
grid-tie systemworks out more
cost-effective than a grid fall back
system. At present, that crossover
point is around the IkWh mark: if
your systemis capabl e of
generating more than 1kW of

el ectricity per hour, agrid-tie
system may be more cost-effective.
If your system generates less than
1kW of electricity per hour, agrid
fallback systemis almost certainly

cheaper.

Unless you are looking to invest a
significant amount of money on a



larger grid-tie systemin order to
produce more than 1 kW of power
per hour, or if youwant to take
advantage of feed-in tariffs, agrid
fallback solutionis certainly worth
Investi gating as an alternative.

An example of agrid fallback

system

Back in 2001, Colin Metcalfe
installed a solar panel onto the roof
of his garage, in order to charge an
old car battery, whichinturn
powered asingle light and a small
inverter. After apower cut that
winter, Colin decided to expand his
systemin order to provide basic



power to his house.

Al wanted to ensure | always had
enough power in my home to power
lights and to ensure my heating
systemwould work,0 explained
Colin. il have gas heating, but the
controllers are all electric, which
means that if thereis a power cut, |
have no heating at all. Inaddition, |
liked the idea of free electricity that
was generated in an
environmentally friendly way.0

Colin upgraded his system bit by
bit, as funds allowed. AN
electrician fitted a new distribution
panel (consumer unit) for my



essential circuits, and thiswas
connected up to the main panel via
an automati ¢ transfer switch. Then |
added additional solar panels and
batteries over the years as | could
afford them.o

This automatic transfer switch
meant the essential circuits would
receive power fromthe solar array
or the batteries while power was
available, but switch back to utility
power when the batteries ran flat.
Originally, the system provided
around half the power he needed,
but as he has added to the system,
more and more of his power now
comes from his solar array. AT oday



| have around 1.4kW of solar
panels on the roof of my garage,0
says Colin. iiThey ook a bit odd as
no two panels are alike, as| have
bought them bit by bit as funds
allow, but they now provide al the
power | need around the year for all
my essential circuits.o

Grid fallover

Alternatively, you can configure a
grid fallback systemasagrid
failover system.

A grid failover systemkicksin
when there is a power failure from
your main electricity supply. In



effect, it is an uninterruptable
power supply, generating its power
from solar energy.

The benefit of this configurationis
that if you have a power cut, you
have contingency power. The
disadvantage of this configurationis
that you are not using solar power
for your day-to-day use.

Although rare in Europe and
America, grid failover systems used
to be more common in countries
where power failures are
commonplace. In Africaand in
many parts of Asia, grid failover
systems reduce the reliance on



power generators for lighting and
basic el ectricity needs.

However, in most cases, customers
have found that a grid fall back or
grid interactive systemis more
suitable for their needs. | amaware
of two grid failover systems that
have beeninstalled in the past: both
of these have since been
reconfigured as grid fallback
systems.



How grid-tie systems
differ from stand-alone

Generally, stand-alone and smaller
grid fallback systems run at low
voltages, typically between 12 and
48 volts. Thisis because batteries
are low-voltage units and so
building a stand-alone systemat a
low voltageisasimple, flexible
and safe approach.

Grid-tie systems tend to be larger
install ations, often generating
several kilowatts of electricity each
hour. Asthe electricity isrequired
as a high-voltage supply, it is more
efficient to connect multiple solar



panel s together to produce a high
voltage circuit, rather than use an
Inverter to step up the voltage. This
high+voltage DC power isthen
converted into an AC current by a
suitable grid-tie inverter.

Grid-tie systems either link multiple
solar panel s together to produce a
solar array voltage of several
hundred volts before running to the
inverter, or have a small inverter
connected to each solar panel to
create a high-voltage AC supply
from each panel.

The benefit of this high voltage is
efficiency. Thereisless power loss



running high-voltage, low-current
el ectricity through cables fromthe
solar array.

For stand-al one battery-based
systems, low-voltage is the best
sol ution, as the battery banks tend to
work better as |ow-voltage energy
stores. For grid-tie systems where
the energy is not being stored ina
battery bank, the higher-voltage
systems are the best sol ution.
Neither approachisinherently
(oetterd it all depends on the type
of systemyou are designing.



In conclusion

1 Solarcanbeusedina
number of different ways and
for many different
applications

1 Stand-alone systems are the
simplest and easiest to
understand. They tend to be
comparatively small systens,
providing power where no
other power sourceiseasily
available

1 Withgrid-tie, your solar
energy system generates
el ectricity that is then used



normally. Any excess
electricity productionis
exported onto the grid

Grid-tie with power backup
(also known as grid
interactive) provides you
with the benefits of agrid-tie
system with the added benefit
that power remains available
evenif electricity to your area
IS cut off

Grid fallback systems have
more in common with stand-
alone systems than grid-tie
systems. Indesignthey are
very similar to stand-alone



systems, with aninverter
running from a bank of
batteries and an automatic
transfer switch to switch
power between the solar
energy systemand the grid
power supply

Grid failover systems are
comparatively rare now, but
provide uninterruptable
power supplies using solar as
the backup source

Grid-tie systems have a
different design to stand-
alone systems. They tend to
be high-voltage systents,



whereas stand-al one systems
run at much lower voltages



Components of a
Solar Electric System

Before | get into the detail about
planning and designing solar

el ectric systems, it isworth
describing all the different
components of a systemand
explaining how they fit together.
Once you have read this chapter,
you will have areasonable grasp of
how a solar energy systemfits
together.

| deliberately do not go into much
detail at thisstage: al | andoingis



providing an overview for now.
The detail can come later.



Solar panels

The heart of a solar electric system
Isthe solar panel itself. There are
various types of solar panel and |
will describe themall indetail |ater
on.

Solar panels or, more accurately,
photovoltaic solar panels, generate
el ectricity fromthe sun. The more
powerful the sunds energy, the more
power you get, al though solar

panel s continue to generate small
amounts of electricity in the shade.

Most solar panels are made up of
individual solar cells, connected
together. A typical solar cell will



only produce around half avolt, so
by connecting them together in
series inside the panel, amore
useful voltage is achieved.

Most solar panels are rated as 12-
volt solar panels, although

hi gher-voltage panels are al so
available. A 12-volt solar panel
produces around 141 18 volts when
put under load. Thisallowsasingle
solar panel to charge up a 12-volt
battery.

Incidentally, if you connect a
voltmeter up to asolar panel when
It is not under load, you may well
see voltage readings of up to 26



volts. Thisis normal inan Gpen
circuitbon asolar panel. As soon as
you connect the solar panel into a
circuit, this voltage level will drop
to around 147 18 volts.

Solar panels can be linked together
to create a solar array. Connecting
multiple panel s together allows you
to produce a higher current or to run
at ahigher voltage:

1  Connecting the panelsin
series allows asolar array to
run at a higher voltage.
Typically, 24 volts or 48
volts in a stand-al one system,
or up to several hundred volts



inagrid-tie system

1  Connecting the panelsin
parallel allowsasolar array
to produce more power while
mai ntal ni ng the same voltage
astheindividual panels

1 When you connect multiple
panel s together, the power of
the overall systemincreases,
irrespective of whether they
are connected inseriesor in
parallel

Inasolar array where the solar

panels are connected in series (as
shown in the following diagrams),
you add the voltages of each panel



together and add the wattage of
each panel together to cal culate the
maxi mum amount of power and
voltage the solar array will

generate.
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Asolar array made
of four solar panels
connected in series.
If each individual
panel israted asa



12-volt, 12-watt
panel, this solar
array would be rated
as a 48-volt, 48-watt
array witha 1 amp
current.

Inasolar array where the panels
are connected in parallel (as shown
in the diagram bel ow), you take the
average voltage of all the solar
panels and you add the wattage of
each panel to calculate the

maxi mum amount of power the
solar array will generate.
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Asolar array made
of four solar panels

connected in

parallel. With each
panel rated asa 12-
volt, 12-watt panel,

this solar array

would berated as a

12-volt, 48-watt

array witha 4 amp




current.

| will go into more detail |ater
about choosing the correct voltage
for your system,



Batteries

Except inagrid-tie system, where
the solar array connects directly to
aninverter, solar panelsrarely
power electrical equipment
directly. Thisis because the amount
of power the solar panel collects
varies depending on the strength of
sunlight. This makes the power
source too variable for most
electrical equipment to cope with.

In a grid-tie system, the inverter
handles this variability: if demand
outstrips supply, you will get power
from both the grid and your solar
system. For a stand-alone or agrid



fallback system, batteries store the
energy and provide a constant
power source for your electrical
equi pment.

Typically, thisenergy isstored in
Gdeep cycleblead acid batteries.
These ook similar to car batteries
but have a different internal design.
This design allows themto be
heavily discharged and recharged
several hundred times over.

Most |ead acid batteries are 6-volt
or 12-volt batteries and, like solar
panel s, these can be connected
together to formalarger battery
bank. Like solar panels, multiple



batteries used in series increase the
capacity and the voltage of a battery
bank. Multiple batteries connected
inparallel increase the capacity
whil st keeping the voltage the same.



Controller

If you are using batteries, your solar
electric systemis goingto require a
controller in order to manage the
flow of electricity (the current) into
and out of the battery.

If your system overcharges the
batteries, thiswill damage and
eventual ly destroy them. Likewise,
If your system completely
discharges the batteries, thiswill
quite rapidly destroy them. A solar
controller prevents this from

happeni ng.
There are afew instances where a
small solar el ectric system does not



require a controller. An exampl e of
thisisasmall doattery top-upbsolar
panel that is used to keep a car
battery in peak condition when the
car is not being used. These solar
panels are too small to damage the
battery when the battery is fully
charged.

In the maj ority of instances,
however, a solar €l ectric system
will require acontroller in order to
manage the charge and discharge of
batteries and keep themin good
condition.



Inverter

The electricity generated by a solar
electric systemis direct current
(DC). Electricity fromthe gridis
hi gh-vol tage alternati ng current
(AC).

If you are planning to run equi pment
that runs from grid-voltage
electricity fromyour solar electric
system, you will need an inverter to
convert the current fromDC to AC
and convert the voltage to the same
voltage as you get fromthe grid.

Traditionally, there is usually one
central inverter inasolar system,
either connecting directly to the



solar array inagrid-tie system, or
to the battery pack in an off-grid
system. A more recent invention has
been the micro inverter.
Micro-inverters are connected to
individual solar panels so that each
individual panel provides a

hi gh-voltage alternating current.

Solar panels with micro-inverters
aretypically only used with grid-tie
systems and are not suitable for
systems with battery backup. For
grid-tie systems, they do offer some
significant benefits over the more
traditional dbig boxdinverter,
although the up-front cost is
currently higher.



Inverters are a big subject all on
their own. | will come back to
describe them in much more detail
|ater on in the book.



Electrica devices

The final element of your solar

el ectric systemis the devices you
planto power. Theoretically,
anything that you can power with

el ectricity can be powered by solar.
However, many electrical devices
are very power hungry, which
makes running them on solar energy
very expensive!

Of course, this may not be so much
of anissueif youareinstalling a
grid-tie system: if you have very
energy-intensive appliances that
you only use for short periods, the
impact to your systemislow. In



comparison, running high-power
appliances on an off-grid system
means you have to have a more
powerful off-grid solar energy
system to cope with the peak
demand.

L ow-voltage devices

Most off-grid solar systems run at
low voltages. Unless you are
planning a pure grid-tie install ation,
you may wish to consider running at
|east some of your devices directly
fromyour DC supply rather than
running everything through an
inverter. This has the benefit of
greater efficiency.



Thanks to the caravanning and

boati ng communities, |ots of
equipment is available to runfroma
12-volt or 24-volt supply: light
bulbs, refrigerators, ovens, kettles,
toasters, coffee machines,
hairdryers, vacuum cleaners,
televisions, radios, air conditioning
units, washing machines and | aptop
computers are all available to run
on 12-volt or 24-volt power.

In addition, thanks to the recent
uptake in solar install ations, some
specialist manufacturers are
building ultralow-energy
appliances, such as refrigerators,



freezers and washing machines,
specifically for people installing
solar and wind turbine systems.

Y ou can also charge up most
portabl e items such as MP3 players
and mobile phones froma 12-volt

supply.
High-voltage devices

If running everything at low voltage
IS not an option, or if you are using
a grid-tie system, you use an
inverter to run your electrical
devices.



Connecting everything
together

A stand-alone system

Solar
Controller

Battary AC

Bank = Tverter .‘-....*

The simplified block diagram
above shows a simpl e stand-alone



solar electric system. Whilst the
detail will vary, this design forms
the basis of most stand-alone
systems and is typical of the
installations you will find in
caravans, boats and buildings that
do not have a conventional power
supply.

This design provides both
low-voltage DC power for running
smaller electrical devices and
appliances such as laptop
computers and lighting, plus a

hi gher-voltage AC supply for
running larger devices such as
larger televisions and kitchen
appliances.



In this diagram, the arrows show
the flow of current. The solar

panel s provide the energy, whichis
fed into the solar controller. The
solar controller charges the
batteries. The controller also
supplies power to the low-voltage
devices, using either the solar
panels or the batteries as the source
of this power.

The AC inverter takes its power
directly from the battery and
provides the high-voltage AC
power supply.

A grid-tie system using a




single central inverter

Q
Disteilbatlion _4
Fanel \ P
Giidon] ng

This simplified block diagram
shows a simple grid-tie system,
typical of the type installed in many
homes today. The solar panels are
connected to the grid-tie inverter,



which feeds the energy into the

mai n supply. Electricity can be used
by devices in the building or fed
back out onto the grid, depending on
demand.

The grid-tie inverter monitors the
power feed fromthe grid. If it
detects a power cut, it also cuts
power fromthe solar panels to
ensure that no energy is fed back out
onto the grid.

The grid-tie meter monitors how

much energy is taken fromthe grid
and how muchis fed back into the
grid using the solar energy system.



A grid-tie system using
multiple micro-inverters

A grid-tie system using micro-
invertersis similar to the one
above, except that each solar panel
IS connected to its own inverter,
and the inverters themselves are
dai sy-chai ned together, converting
the low-voltage DC power from
each solar panel into a high-voltage
AC power supply.
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In conclusion

1 Therearevarious
components that make up a
solar electric system

1 Multiple solar panels can
be joined together to create a
more powerful solar array.

1 Inastand-alone system, the
electricity isstored in
batteries to provide an energy
store and provide a more
constant power source. A
controller manages the
batteries, ensuring the
batteries do not get



overcharged by the solar
array and are not
over-discharged by the
devices taking current from
them

Aninverter takes the DC
current fromthe solar energy
systemand convertsitinto a
high+voltage AC current that
is suitable for running
devices that require grid
power

Generally, itismore
efficient to use the electricity
as aDC supply thanan AC

supply






The Design Process

No matter what your solar energy
systemis for, there are seven steps
in the design of every successful
solar electric installation:
1  Scopethe project
1 Caculate the amount of
energy you need

1 Calculate the amount of
solar energy available

1 Surveyyour site

1 Sizeupthe solar electric
system



1  Select the right components
and work out full costs

1 Produce the detailed design

The design process can be made
more complicated, or simplified,
based on the size of the project. If
you are simply installing an off-the-
shelf shed light, for instance, you
can probably compl ete the whole
designinaround twenty minutes. If,
on the other hand, you are looking
to install a solar electric systemina
business to provide emergency site
power in the case of a power cut,
your designwork is likely to take
considerably more time.



Whether your solar electric system
IS going to be large or small,
whether you are buying an
off-the-shelf solar lighting kit or
designing something from scratch, it
isworth following this basic design
process every time. Thisistrue
evenif you are installing an off-the-
shelf system. This ensures that you
will always get the best from your
systemand will provide you with
the reassurance that your solar
energy systemwill achieve
everything you need it to do.



Short-cutting the design

work

Having said that doing the design
work is important, there are some
useful online tools to help make the
process as easy as possible.

Once you have scoped your project,
the Solar Electricity Handbook
website

(Wwww. Solar ElectricityHandbook.cc
includes a number of online tools
and cal culators that will help you
carry out much of the designwork.

The solar irradiance tables and
solar angle calculators will allow



you to work out how much solar
energy is available at your |ocation,
whilst the off-grid project analysis
and grid-tie project analysis
guestionnaires will each generate
and e-mail to you afull report for
your proposed system, including
cal cul ating the size of system you
require and providing a cost
estimate.

Of course, thereisalimit to how
much a set of online solar tools can
help youinisolation, so you will
still need to carry out a site survey
and go through components
selection and detailed design
yourself, but these tools will allow



you to try several different
configurations and play out Gwvhat
iféscenarios quickly and easily.

Incidentally, whilst some of these
tools ask you for an e-mail address
(in order to send you your report),
your e-mail address is not stored
anywhere on the system. Other than
the report that you request, you will
never receive unsolicited e-mails
because of entering your e-mail
address.



Solar energy and

emotions

Design can often seemto be a
purely analytical and rational
process. It should not be. All great
designs start with a dream.

For many peopl e, choosing solar
energy is often an emoti onal
decision: they want a solar energy
system for reasons other than just
the purely practical. Some people
want solar energy because they
want to ado their bitofor the
environment, others want the very
| atest technol ogy, or want to use
solar simply because it can be



done. Others want solar energy
because they see the opportunity to
earn money. | suspect that for most
homeowners, the reasons are a
combi nation of the above.

It is so important that the emotional
reasons for wanting something are
not ignored. We are not robots. Our
emotions should be celebrated, not
suppressed: the Wright brothers
built the first aircraft because they
wanted to reach the sky. NASA sent
a man to the moon because they
wanted to go further than anyone
had ever done before. Neither
undertaking could be argued as



purely rational ; they were the
results of big dreans.

It isimportant to acknowledge that
there are often hidden reasons for
wanting solar energy. Sadly, these
reasons often do not make it down
onto a sheet of paper inadesign
document or onto a computer
spreadsheet. Someti mes, the person
making the decision for buying
solar energy is secretly worried that
iIf they voice their dreams, they will
appear insome way irrational.

Thereality isthat it is often a good

thing if there is an emotional
element to wanting a solar energy



system. By documenting these
reasons, youwill end up witha
better solution. For instance, if the
environmental benefits are top of
your agenda, you will use your
solar energy systemin a different
way to somebody who is looking at
solar purely as a business

| nvestment.

By acknowledging these reasons
and incorporating theminto the
design of your system, you will end
up with afar better system. Not
only will you have a system that
works inapractical sense, it will
also achieve your dream.



In conclusion

1 No matter how big or small
your project, it isimportant to
designit properly

1 Thereareonlinetools
available to help you with the
calculations and to speed up
the work

1 Do not ignore the emotional
reasons for wanting a solar
energy system. You are a
human being: you are allowed
to dream



Scoping the Proj ect

Aswith any project, before you
start, you need to know what you
want to achieve. Infact, it is one of
the most i mportant parts of the
whole project. Get it wrong and you
will end up with a systemthat will
not do what you need it to.

Itis usually best to keep your
scope simple to start with. You can
then flesh it out with more detail
|ater.

Here are some examples of a
suitabl e scope:



1 Topower alightand a
burglar alarminashed onan
allotment

1 To provide power for
lighting, a kettle, aradio and
some handheld power toolsin
aworkshop that has no
conventional electrical
connection

1 To provide enough power
for lighting, refrigeration and
aTVinaholiday caravan

1 Toprovidelighting and
power to run four |aptop
computers and the tel ephone



systemin an office during a
power cut

1 Tocharge up anelectric
bike between uses

1 Toprovide an off-grid
holiday home withits entire
el ectricity requirements

1  Toreduce my carbon
footprint by producing
electricity for all my home
requirements

 Torunanelectric car
entirely on solar energy

From your scope, you can start
fleshing this out to provide some



initial estimates on power
requirements.

As mentioned in the previous
chapter, | have created two online
Solar Project Analysis tools, one
for grid-tie systems and one for off-
grid systems. Y ou can find both of
these tools on my website
www.Sol ar El ectri cityHandbook.cot
Youwill still need to collect the
basi ¢ information to work with, but
all the hard work is done for you.
Thistool will produce a complete
project scope, work out the likely
performance of your solar energy
system and provide some bal | park
cost estimates.



For the purpose of these next few
chapters, | amgoing to use the
exampl e of providing asmall off-
grid holiday home withits entire
el ectricity requirements.

Thisisabigproject. Inreality if
you have little or no experience of
solar electric systems or household
el ectrics you would be best starting
with something smaller. Going
compl etely off-grid is an ambitious
project, but for the purposes of
teaching solar electric system
design, itis aperfect example: it
requires a detailed design that
covers all of the aspects of



designing a solar energy system.



Designing grid-tie or grid
fallback systems

For our sample project, grid-tieis
not an option as we are using sol ar
power as an alternative to
connecting our site to the electricity
grid.

However, grid-tie is becoming a
popular option, especially inthe
southern states of the United States
and in European countries like
Spain, Germany and the United
Kingdom where generous
government subsidies and feed-in
tariffs are available.



In terms of scoping the project, it
makes little difference whether you
are planningagrid-tieor grid
fallback systemor not: the steps you
need to go through are the same.
The only exception, of course, is
that you do not need to take into
account battery efficiencies with
grid-tie.

The biggest difference witha grid-
tie or grid fallback systemis that
you do not have to rely on your
solar system providing youwith all
your electricity requirements: you
will not be plunged into darkness if
you use more el ectricity than you



generate.

This means that you can start with a
small grid-tie or grid fallback
system and expand it | ater on as
funds allow.

Despite that, itis still agood idea
to go through a power analysis as
part of the design. Evenif you do
not intend to produce all the power
you need with solar, having a
power analysiswill allow youto
benchmark your system and will

hel p you size your grid-tie systemif
you aimto reduce your carbon
footprint by providing the

el ectricity companies with as much



power as you buy back.

Most grid-tie systems are sized to
provide more power than you need
during the summer and | ess than you
need during the winter. Over a
period of ayear, theaimisto
generate as much power as you use,
although on a month-by-month basi s
this may not always be the case.

Many solar companies claim that
this then provides you with a
Gcarbon neutral 6system: you are
selling your excess power to the
el ectricity companies and then
buyi ng the same amount of

el ectricity back when you need it.



If thisiswhat you are planning to
do with your grid-tie system, your
scope is much simpler. You need to
get your electricity bills for the past
year and make a note of how much
el ectricity you have used over the
year. Then divide this figure by the
number of daysin the year to work
out adaily energy usage and ensure
your system generates this as an
average over the period of a year.

Because you are not generating
enough el ectricity during the winter
months in a carbon neutral grid-tie
system, you need fewer solar panels
than you would need to create an



entirely stand-al one system.

Comparing supply with
demand

If you are designingagrid-tie
system, it can be interesting to
compare the supply of solar energy
with your el ectricity usage pattern.
By comparing supply with demand,
you can see how closely solar
energy production matches your
own usage and this, inturn, can be
used as an indicator to identify how
environmentally beneficial solar
energy is for you.

To do this, youwill need to



ascertain your monthly electricity
usage for each month of the year.
Your electricity supplier may
already provide you withthis
informeation on your el ectricity bill.
If not, you should be abl e to request
this from them,

Once you have this information,
visit

www. Sol ar El ectricityHandbook.cot
and fill inthe Grid-Tie Solar
Project Analysis, including your
individual monthly consumption
figures. Inthe report that is e-
mailed to you, you will see a chart
that allows you to see how closely

your €lectricity usage maps onto



solar energy production.

This report will aso provide you
with an approxi mate estimeate for
the carbon footprint for each

kil owatt-hour of el ectricity you
produce fromyour solar array,
based on the production and
installation of your solar array and
the likely amount of energy that it
will generate duringits lifetime.

Based onthis, it is possible to see
whether installing solar energy is
likely to produce real-world
environmental savings.



Fleshing out the scope

Now we know the outline scope of
our project, we need to quantify
exactly what we need to achieve
and work out some estimates for
energy consumption.

Our holiday homeis asmall two-
bedroom cottage with a solid fuel
cooker and boiler. The cost of
connecting the cottage to the grid is
A4,500 (around $7,200) and |
suspect that solar electric power
could work out significantly

cheaper.
The cottage is mainly used in the
spring, summer and autumn, with



only afew weekend visits during
the winter.

Electricity isrequired for lighting
in each room, plus a courtesy light
inthe porch, afridge inthe kitchen
and asmall televisioninthe sitting
room. There also needs to be
surplus electricity for charging up a
mobile phone or MP3 player and
for the occasional use of alaptop
computer.

Now we have decided what
devices we need to power, we need
to find out how much energy each
device needs, and estimate the daily
usage of eachitem.



In order to keep efficiency high and
costs low, we are going to work
with low-voltage el ectrics
wherever possible. The benefits of
using low-volt devices rather than
higher grid-voltage are twofold:

1  We are not losing efficiency
by converting low-volt DC
electricsto grid-voltage AC
el ectrics through an inverter.

1 Many electronic devices
that plug into a grid-voltage
socket require a transformer
to reduce the power back
downto alow DC currert,
thereby creating a second



level of inefficiency

Many household devices, like
smaller tel evisions, music systents,
computer games consol es and

| aptop computers, have external
transformers. It is possible to buy
transformers that run on 12-volt or
24-volt el ectrics rather than the AC
voltages we get fromgrid power,
and using these is the most efficient
way of providing low-voltage
power to these devices.

There can be di sadvantages of

| ow-Vvoltage configurati ons,
however, and they are not the right
approach for every project:



1  If running everything at
12i 24 voltsrequires a
significant amount of
additional rewiring, the cost
of carrying out the rewiring
can be much higher than the
cost of aninverter and a
dlightly larger solar array

1 If the cable running between
your batteries and your
devicesistoo long, youwill
get greater power |osses
through the cable at lower
voltages than you will at
higher voltages

If you already have wiring in place



to work at grid-level voltages, itis
often more appropriate to run a
systemat grid voltage using an
inverter, rather than running the
whole system at |ow voltage. If you
have no wiring in place, running the
systemat 12 or 24 voltsis often
more suitable.



Producing a power
anaysis

The next step is to investi gate your
power requirements by carrying out
apower analysis, where you
measure your power consumptionin
waitt-hours.

Y ou can find out the wattage of
househol d appliances in one of four
ways:

1  Check therear of the
appliance, or on the power
supply

1  Check the product manual



1 Measure the watts using a
watt meter

1 Find aballpark figure for
similar items

Often a power supply will show an
output current in amps rather than
the number of watts the device
consumes. If the power supply also
shows the output voltage, you can
work out the wattage by multiplying
the voltage by the current (amps):

Power (watts) = Volts x Current
(amps)
P=VxI
For example, if you have amobile



phone charger that uses 1.2 amps at
5 volts, you can multiply 1.2 amps
by 5 volts to work out the number of
watts: inthis example, it equals 6
waitts of power. If | plugged this
charger infor one hour, | would use
6 watt-hours of energy.

A watt meter is a useful tool for
measuring the energy requirements
of any device that runs on
high-voltage AC power fromthe
grid. The watt meter plugs into the
wall socket and the appliance plugs
into the watt meter. An LCD display
on the watt meter then displays the
amount of power the deviceis
using. Thisis the most accurate way



of measuring your true power
consumgption.

Finding a ballpark figure for similar
devicesis the least accurate way of
finding out the power requirement
and should only be done as alast
resort. A list of power ratings for
some common household
appliancesis included in Appendix
C.

Once you have a list of the power
requirements for each el ectrical
device, draw up atable listing each
device, whether the device uses
12-volt or grid voltage, and the
power requirement in watts.



Then put an estimate in hours for
how long you will use each device
each day and multiply the watts by
hours to create a total watt-hour
energy requirement for each item.

Y ou should also factor in any
(phantom |oadsd on the system. A
phantom load is the name given to
devices that use power evenwhen
they are switched off. Televisions
in standby mode are one such
example, but any device that has a
power supply built into the plug
also has a phantomload. These
items should be unplugged or
switched off at the switch when not



In use. However, you may wish to
factor inasmall amount of power
for items in standby mode, to take
into account the times you forget to
switch something off.

If you have a gas-powered central
heating system, remember that most
central heating systems have an

el ectric pump and the central
heating controller will require
electricity aswell. A typical central
heati ng pump uses around 60 watts
of power aday, whilst a central
heating controller can use between
2 and 24 watts a day.

Once compl ete, your power



analysiswill look like this:

Device Volt
Living room lighting 12
Kitchen lighting 12
Hallway lighting 12
Bathroom lighting 12
Bedroom 1 lighting 12
Bedroom 2 lighting 12
Porch light 12
Small fridge 12

TV 12



Laptop computer 12

Charging cell phones and 12
MP3 players
Phantom | oads 12

Total Energy Requirement a day

A word of warning

In the headl ong enthusiasm for
implementing a solar electric
system, itisvery easy to
underesti mate the amount of
electricity you need at this stage.

To be sure that you do not |eave
something out which you regret
later, | suggest you have a break at




this point. Then return and review
your power analysis.

It can help to show thislist to
somebody else in order to get their
input aswell. It is very easy to get
emotionally involved in your solar
project, and having a second pair of
eyes can make aworld of
difference later on.



When you are ready to
proceed

We now know exactly how much
energy we need to store in order to
provide one day of power. For our
holiday home exampl e, that equates
to 662 watt-hours per day.

There is one more thing to take into
account: the efficiency of the
overall system.

Batteries, inverters and resi stance
Inthe circuits all reduce the
efficiency of our solar electric
system. We must consider these

| nefficiencies and add them to our



power analysis.



Calculating inefficiencies
Batteries do not return 100% of the
energy used to charge them. The
Charge Cycle Efficiency of the
battery measures the percentage of
energy available from the battery
compared to the amount of energy
used to chargeit.

Charge cycle efficiency is not a
fixed figure, as the efficiency can
vary depending on how quickly you
charge and discharge the battery.
However, most solar applications
do not overstress batteries and so
the standard charge cycle efficiency
figures are usually sufficient.



Approximate charge cycle
efficiency figures are normally
available fromthe battery
manufacturers. However, for
industrial quality dractiond
batteries, you can assume 95%
efficiency, whilst gel batteries and
|eisure batteries are usually inthe
region of 90%.

If you are using aninverter inyour
system, you need to factor in the

i nefficiencies of the inverter. Again,
the actual figures should be
available from the manufacturer but
typically, youwill find that an
inverter is around 90% efficient.



Adding the inefficiencies to
our power analysis

In our holiday home exanmple, there
IS no inverter. If there were, we
would need to add 10% for inverter
Inefficiencies for every
grid-powered device.

We are using batteries. We need to
add 5% to the total energy
requirement to take charge cycle
efficiency into accournt.

5% of 662 equal s 33 watts. Add
this to our power analysis, and our
total watt-hour requirement
becomes 695 watt-hours per day.




When do you need to use

the solar system?

It isimportant to work out at what
times of year you will be using your
solar electric system most. For
Instance, if you are planning to use
your system full time during the
depths of winter, your solar electric
system needs to be able to provide
al your electricity evenduring the
dull days of winter.

A holiday homeis ofteninregular
use during the spring, summer and
autumn, but |eft empty for periods
of time during the winter.



This means that, during winter, we
do not need our solar electric
systemto provide enough el ectricity
for full occupancy. We need enough
capacity inthe batteries to provide
enough el ectricity for, say, the
occasional long weekend. The solar
array can then recharge the batteries
again, once the home is empty.

We might al so decide that, if we
needed additional electricity in
winter, we could have a small
standby generator on hand to give
the batteries a boost charge.

For the purposes of our holiday
home, our system must provide



enough electricity for full
occupancy from March to October
and occasional weekend use from
November until February.



Kegping it simple

Y ou have seen what needs to be
taken into account when creating a
power analysis and cal cul ating the
inefficiencies. If you are planning to
use the online tool s to help you,
now is the time to use them.

Visit

www. Sol ar El ectricityHandbook.cot
and follow the links to either the
Off-Grid or Grid-Tied Solar
Project Analysis tools, which can
be found in the Online Calculators
section. Thiswill alow youto
enter your devices on the power
analysis, select the months you want



your systemto work and select your
location fromaworldwide list. The
systemwill automatically e-mail
you a detailed solar analysis report
with all the cal culations worked out
for you.



Improving the scope

Based on the work done, itistime
to put more detail on our origina
scope. Originally, our scope | ooked
like this:

Provide an off-
grid holiday
home withits
entire electricity
requirements.

Now the improved scope has
become:

Provide an off-
grid holiday
home with its



entire electricity
requirements,
providing power
for lighting,
refrigeration,
TV, laptop
computer and
various sundries,
which equals
695 watt-hours
of electricity
consumption per
day.

The system must
provide enough
power for
occupation from



March until
October, plus
occasi onal
weekend use
during the
winter.

Thereis now afocus for the
project. We know what we need to
achieve for a solar e ectric system
to work. Now we need to go to the
site and see if what we want to do
isachievable.



In conclusion

1 Gettingthe scoperight is
important for the whole
project

1 Start by keeping it simple
and then flesh it out by
cal culating the energy
requirements for all the
devices you need to power

1 Ifyouaredesigningagrid-
tie system, you do not need to
go into so much detail: you
can get the usage i nformation
fromyour electricity
comparny. Itis probably



included on your electricity
bill

If you are designing a grid-
tie system, you can make a
reasonabl e estimate of its
environmental benefit by
comparing solar energy
supply with your demand ona
month-by-month basis

Do not forget to factor in
(phantom |oadsd

Because solar electric
systems run at low voltages,
running your devices at |low
voltage is more efficient than
inverting the voltage to grid



levelsfirst

1  Thanks to the popul arity of
caravans and boats, thereis a
|arge selection of 12-volt
appliances available. If you
are planning a stand-al one or
grid fallback system, you may
wish to use these in your
solar electric systemrather
than | ess efficient
grid-voltage appliances

1 Evenifyouareplanninga
grid-tie system, itis still
useful to carry out a detailed
power analysis

1 Do not forget to factor in



I nefficiencies for batteries
and inverters

Take into account the times
of year that you need to use
your solar electric system

Once you have compl eted
this stage, you will know
what the project needs to
achieve in order to be
successful



Calculating Solar
Energy

The next two chapters are just as
useful for people wishing to install
asolar hot water systemasthey are
for people wishing to install solar
electricity.

Whenever | refer to solar panel or
solar array (multiple solar electric
panel s) in these two chapters, the
informationis equally valid for
solar electricity and solar hot
water.



Wheat Is solar energy?

Solar energy is a combination of the
hours of sunlight you get at your site
and the strength of that sunlight.
This varies depending on the time
of year and where you live.

This combi nation of hours and
strength of sunlight is called solar
insolation or solar irradiance, and
the results can be expressed as
walts per square metre (W/m)) or,
more usefully, in kilowatt-hours per
square metre spread over the period
of aday (kwWh/mj/day). One square
metre is equal to 9.9 square feet.



Why is this useful ?

Photovoltaic solar panels quote the
expected number of watts of power
they can generate, based on a solar
irradiance of 1,000 watts per
square metre. Thisfigureis often
shown as a watts-peak (Wp) figure
and shows how much power the
solar panel can produceinideal
conditions. A solar irradiance of
1,000 watts per square metre is
what you could expect to receive at
solar noon inthe middle of summer
at the equator. It is not an average
reading that you could expect to
achieve onadaily basis.




However, once you know the solar
irradiance for your area, quoted as
adaily average (i.e. the number of
kil owatt-hours per square metre per
day), you can multiply this figure by
the wattage of the solar panel to
give you an idea of the daily amount
of energy you can expect your solar
panel s to provide.

Calculating solar irradiance

Solar irradiance varies significantly
from one place to another and
changes throughout the year. In
order to come up with some
reasonabl e esti mates, you need
irradiance figures for each month of



the year for your specific location.

Thanks to NASA, calculating your
own solar irradiance is simple.
NASAGs network of weather

satel lites has been monitoring the
solar irradiance across the surface
of the earth for many decades. Their
figures have taken into account the
upper atmospheric conditions,
average cloud cover and surface
temperature, and are based on
sampl e readings every three hours
for the past quarter of a decade.
They cover the entire globe.

For reference, | have compiled this
information for different regions



across the United States, Canada,
Australia, New Zealand, the United
Kingdomand Ireland in Appendix
B.

The website goes further. We have
incorporated solar irradiance charts
for every mgjor townand city in
every country inthe world: simply
select your location froma
pull-down list of countries and
cities and you can view the
irradiance figures for your exact
area.

Using the information in Appendix
B, here are the solar irradiance
figures for Londonin the United



Kingdom, shown on a month-by-
month basis. They show the average
daily irradiance, based on mounting
the solar array flat on the ground:

Jan | Feb | Mar | Apr | Me

075 | 137 | 231 | 357 | 4t

These figures show how many
hours of equivalent midday sunwe
get over the period of an average
day of each month. In the chart
above, you canseethat in
December we get the equival ent of
0.6 of an hour of midday sun (36
minutes), whilst in June we get the
equivalent of 4.86 hours of midday




sunlight (4 hours and 50 minutes).

Capturing more of the sunc

energy

Thetilt of asolar panel has an
impact on how much sunlight you
capture: mount the solar panel flat
against awall or flat on the ground
and you will capture less sunlight
throughout the day thanif you tilt the
solar panels to face the sun.

The figures above show the solar
irradiance in London, based on the
amount of sunlight shining on a
single sgquare metre of the ground. If
you mount your solar panel at an




angle, tilted towards the sun, you
can capture more sunlight and
therefore generate more power.
Thisis especialy true in the winter
months, when the sunislow inthe
sky.

The reason for thisis simple: when
the sunis highin the sky the
intensity of sunlight is high. When
the sunislow in the sky the sunlight
IS spread over a greater surface
area:



This diagram shows
the different
intensity of light
depending on the
angle of suninthe
sky. Whenthe sunis
directly overhead, a
1m-wide shaft of
sunlight will cover a



1mwide area on the
ground. When the
sunislowinthe sky
I inthisexample, |
amusing an angle of
30Atowards the sun
I a lmwide shaft of
sunlight will cover a
2mwide area on the
ground. This means
the intensity of the
sunlight is half as
much whenthesunis
at an angle of 30A
compared to the
intensity of the
sunlight when the



sunisdirectly
over head.

The impact of tilting solar
panels on solar irradiance

If wetilt our solar panels towards
the sun, it means we can capture
more of the sunds energy to convert
into electricity. Often the angle of
thistilt is determined for you by the
angle of an existing roof. However,
for every | ocation there are optimal
angles at which to mount your solar
array, inorder to capture as much
solar energy as possible.

Using London as an example again,



this chart shows the differencein
performance of solar panels, based
onthe angle at whichthey are
mounted. The angles | have shown
are flat on the ground, upright
against awall, and mounted at
different angles designed to get the
optimal amount of solar irradiance
at different times of the year (I
explain the relevance of these
specific angles in a moment):

S —




Flat

Jan | Feb | Mar | Apr | Me

075 | 1.37 | 231 | 357 | 4k
Upright

Jan | Feb | Mar | Apr | Me

1.20 | 1.80 | 2.18 | 258 | 2.7




I

38Aangle - Best year-round tilt

Jan

Feb

Mar

Apr

Me

1.27

2.04

2.76

3.67

4.1

)




23Aangle - Best winter tilt

Jan | Feb | Mar | Apr | Me¢

1.30 | 203 | 262 | 3.34 | 3.€

™

53Aangle - Best summer tilt

Jan | Feb | Mar | Apr | Me

119 | 195 | 277 | 3.84 | 45




Adj usting the tilt manually each
month

Jan | Feb | Mar | Apr | Me

1.30 | 205 | 2.78 | 3.86 | 4.7
22Ati 1t 30Ati 1 t| 38Ati It |46Ati It 54A

Note: All angles are
given in degrees



fromvertical and are
location specific.

Look at the difference inthe
performance based on the tilt of the
solar panel. In particular, look at
the difference in performance in the
depths of winter and in the height of
summer.

It is easy to see that some angles
provide better performance in
winter; others provide better
performance in summer, whilst
others provide a good compromise
all-year-round sol ution.

Calculating the optimum tilt




for solar panels

Because of the 23i Atilt of the earth
relative to the sun, the optimumtilt
of your solar panelswill vary
throughout the year, depending on
the season. In some installations, it
is feasible to adjust the tilt of the
solar panels each month, whilst in
othersit is necessary to have the
array fixed in position.

To calculate the optimumtilt of
your solar panels, you can use the
following sum:
90Ai your latitude = optimum
fixed year-round setting

Thisangle is the optimumtilt for



fixed solar panels for
all-year-round power generation.
This does not mean that you will
get the maxi mum power output
every single month: it means that
across the whole year, thistilt will
give you the best compromise,
generating el ectricity all the year
round.

Getting the best from solar
panels at different times of the
year

Dependi ng on when you warnt to use
your solar energy, you may choose

to use adifferent tilt in order to
improve power output at a given




point in the year. Each month of the
year, the angle of the sunin the sky
changes by 7.8Ai higher inthe
summer and lower inthe winter. By
adjusting the tilt of your solar panel
to track the sun, you can tweak the
performance of your system
according to your requirements.

Y ou may want to do thisfor a
number of reasons:

1 For astand alone, off-
grid system, you often
need to get as much power
generation during the
winter months as possible
to counter the reductionin



natural light

Wheninstalling agrid-
tie systemin a cool
climate, where the focus is
on reducing your carbon
footprint, you can choose
to boost your electricity
production in winter, to
offset the amount of
el ectricity you need to buy
whendemand is at its
hi ghest

Wheninstalling a grid-
tie system where the focus
IS on making the most
profit by selling your



power, you can choose to
tilt your solar panels at a
summer setting and thereby
produce the maxi mum
amount of energy possible
over the course of the year

Y ou can see this monthly optimum
angle (rounded to the nearest whole
degree) on the bottom row of the
previous table.

Optimum winter settings

Here is an example of how you
could tweak your system.
Performance of a solar systemis at
its worst during the winter months.
However, by tilting your panelsto



capture as much of the sunlight as
possible during the winter, you can
significantly boost the amount of
power you generate at this time.

Based on the Northern Hemisphere,
an optimum winter tilt for solar
panel s is the optimum angle for
November and January. For the
Southern Hemisphere, the optimum
winter tilt is May and July:

90Ai your latitude i 15.6A=
optimum winter setting

As you can see fromthe previous
table, if youtilt your solar panels at
this angle, you will sacrifice some
of your power generation capability



during the summer months.
However, as you are generating so
much more power during the
summer than you are in the winter,
this may not be anissue.

More importantly, compared to
|eaving the panels on aflat surface,
you are almost doubling the amount
of power you can generate during
the three bl eakest months of the
year. This means you can reduce the
number of solar panels you need to
install.

Optimum summer settings

If you wish to get the best output of
your systemoverall, youwill find



that you will get slightly more
energy, when measured over the
course of the whole year, by angling
your solar panels to an optimum
summer timetilt.

Inwarm climates, where maxi mum
energy consumptionis during hot
weather, angling your panels to get
the maxi mum amount of sunlight
during the height of summer can be
the best sol ution, both financially
and environmentally.

For Northern Hemi sphere countries,
the opti mum summer timettilt is the
optimum angle for May and July.
For Southern Hemi sphere countries,



the opti mum summer time tilt is the
opti mum angle for November and
January:

90Ai your latitude + 15.6A=
optimum summer setting

Paositioning your solar panels

Regardless of where you live, the
sun always rises fromthe east and
setsinthe west. If you liveinthe
Northern Hemisphere, solar panels
will always work best if they are
south-facing. Inthe Southern
Hemisphere, solar panels work best
iIf they are north-facing.

However, it is not always possible



to position your solar panels so they
are facing exactly the rignt way. For
instance, if you want to install solar
panels on the roof of the house, and
the roof faces east/west, then it may
not be practical to install solar
panels in any other location.

Thanks to improved solar panel
design over the past decade, thisis
not as big a problem as was once
the case. Whilst the figure varies
dlightly indifferent parts of the
world, fromone solar panel
manufacturer to another and during
the different seasons of the year, the
average efficiency drop of a solar
panel mounted away from due south



(due north in the Southern
Hemisphere) is around 1.1% for
every five degrees.

This means that if your panels face
due east or due west, you can
expect around 20% | oss of
efficiency compared to facing your
panels in the opti mum position.

Y ou can even face your panelsin
the compl etel y opposite direction i
north in the Northern Hemi sphere or
south in the Southern Hemisphere i
|osing around 40% of the efficiency
of your solar array by doing so.



2[]%' Hest Fast | 0%

liss 0 frum sonit D0 s ks

st Sonih-Hest Lot South-Lost 15
i Wl soeeeer L A
13% Y & o soalh 874" e south
luss loss
S'Ojjﬁl-ﬁ"w Sonlh-Fas o
10% 45 fram soulh T 1% ot
s South Soutn-West Sunth Somuih-Fent s
\2) W south 225 o My
M South X
loss N— loss
Leal

Angle




For the Northern
Hemisphere, this
chart shows the
approximate
efficiency loss by not
facing your panels
directly south. For
Southern
Hemisphere
countries, the chart
should be rever sed.

Using solar irradiance to work
out how much energy a solar
panel will generate

Based on these figures, we can
cal culate on a monthly basis how




much power a solar panel will give
us per day, by multiplying the
monthly solar irradiance figure by
the stated wattage of the panel:

Solar Irradiance x Panel Wattage =
Wett-hours per day

Aswe now know, the solar
irradiance figure depends on the
month and the angl e for the solar
panel. Assuming we have a 20-watt
solar panel, mounted flat on the
ground, here are the cal culations for
London in December and June:



s

Flat
December June
0.60 x 20W = 4.86 x
12 Whof energy 20W =97 Wh
per day of energy per
day

Asyou can see, thereisabig
difference in the amount of energy
you can generate in the middl e of
summer, compared to winter. Inthe



example above, over elght times the
amount of energy is generated inthe
hei ght of summer compared to the
depths of winter.

Here are the same cal cul ations
again, but with the solar panels
angled at 38Afor best
all-year-round performance. Note
the significant improvement in
winter performance and the slightly
reduced summer performance:

A




38Aangle

December June
1.05x 20W = 4.20 x
21 Whof energy 20W =84 Wh
per day of energy per
day

Using solar irradiance to give
you an approximate guide for
the required power capacity of
your solar array

In the same way that you can work
out how much energy a solar panel
will generate per day, you can use
solar irradiance to give you an




approximate guide for the required
capacity of solar array that you
need.

| say an approximate guide, because
the actual capacity will also need
to take into account:

1  The peculiarities of your
Site

1 Thelocationand angles of
your solar panels

1  Any obstacles blocking the
sunlight at different times of
year

| cover all thisinthe next chapter
when | ook at the site survey.



Nevertheless, it can be useful to
carry out this calculation in order to
establish a ball park cost for your
solar electric system. The
calculationis simple: take the
figure you cal culated for your total
number of waitt-hours per day and
divideit by the solar irradiance
figure for the worst month that you
require your systemto work.

Using our holiday home as an
example, we can look at our watt-
hours per day figure of 695Whday
and then divide this number by the
worst month on our irradiance chart
(December). It isworth doing this
based on mounting the solar panel



at different angles, to see how the

performances compare:
695 If we
=== $0.6= haveour
Flat 1159 solar panels
watts laid flat, we
would need
al,159-
waltt solar
array to
power our
homein
Decenber.
Q 695 If we
0 1.01 mount the




Upright =688 solar panels
walts  vertically

against a
wall, we
could
generate the
same
amount of
power with
a 688-watt
solar array.

M 695  Angled
—— 0105 towardsthe
38A =661 equator, we

agle  watts could

Best generate the




year-
round tilt

|

23A
angle

Best
winter tilt

r |

695
0 1.08
=643
watts

695
0 0.97
=716

same
amount of
power with
a 661-watt
solar array.

Withthe
opti mum
winter tilt,
we can use
a 643-walt
solar array.

Angled
towards the
summer sun,




53A
angle
Best

summer
tilt

Tilt
adjusted
each

month

walts

695
0 1.08
=643
watts

we would
require a
716-watt
solar array
to provide
power in
December

Withthe
tilt of the
solar panel
adjusted
each month,
we can use
a 643-watt
solar array,
the same as
the best




winter tilt
settings.

This chart tells us that to provide
full power for our holiday homein
December, we require a solar array
with a generation capacity of
between 643 watts and 1159 watts,
depending on the tilt of the solar
panels.

But remember our scope. We only
want to use the home full time from
March to October. The solar

el ectric system only needs to
provide enough electricity for a
long weekend during the winter.




This means that, so long as our
batteries are big enough to provide
electrical power for afew days, it
does not metter if the solar power
inwinter is not enough to provide
for constant use. As soonaswe
close up the holiday home again, the
solar panels will recharge the
batteries.

Here are my calculations again, this
time using October as our worst
month:

695 If we

=== §1.69 haveour
Flaa =411 solar panels
watts laid flat, we




Upright

695
0 2.07
=335
watts

would need
a4ll-watt
solar array
to power
our homein
October.

If we
mount the
solar panels
vertically
against a
wall, we
could
generate the
same
amount of




power with
a 335-watt
solar array.

M 695  Angled
—— 0241 towardsthe
38A =288 equator, we

angle  watts could

Best generate the
year- same
round tilt amount of
power with
a 288-watt
solar array.

P 695 With the
' 6 2.37 optimum




23A =293

angle walts

Best
winter tilt

695

0 2.33

> =298

53A watts

angle

Best
summer

tilt

695

winter tilt,

we can use
a293-waitt
solar array.

Angled
towards the
summer sun,
we would
require a
298-watt
solar array
to provide
power in
October

With the




Tilt
adj usted

month

0241
= 288
watts

tilt of the
solar panel
adj usted
each month,
we can use
a 288-watt
solar array,
the same as
the best
year-round
tilt settings.

This chart tells us that we require a
solar array with a generation
capacity of between 288 watts and
411 watts, depending on the tilt of
the solar panels. Compared to our




earlier calculations for generating
power throughout the year, itis
much lower. We have just saved
oursel ves a significant amount of
money.

Y ou can al so see that during the
summer months, the solar electric
systemwill generate considerably
mor e el ectricity than we will need
to run our holiday home. That is
fine. Too much s better than not
enough and it allows for the
occasionswhenalight is | eft
switched onor aTV isleft on
standby.



Solar panels and shade

The biggest negative impact on
solar energy production is shade.

Evenif only avery small amount of
your solar array isin shade, the

I mpact on the performance of your
whol e system can have avery big
effect.

Unlike solar thermal (hot water)
systems, the loss of power through
shading is much greater than the
amount of the panel that is in shade.
With solar thermal systems, if 5%
of the panel isin shade, youlose
around 5% of the power
production.



Depending on the exact
circumstances, evenif only 5% of a
photovoltaic solar panel isin
shade, itis possible to lose

501 80% of power production from
your entire solar array.

For thisreason, it is hugely

I mportant that your solar energy
system remains out of shade
throughout the day. Sometimes this
IS not possible, and this requires
some additional designworkin
order to keep the effect of shade on
your systemto a minimum.

| cover shade in much more detail
in Appendix A, including an



explanation of why shade has such a
big impact on energy production.
For now, it isjust important to
know that shading can significantly
affect the amount of energy you can
get fromyour solar energy system.



Solar array power point
efficiencies

Now we know the theoretical size
of our solar panels. However, we
have not taken into account the
efficiencies of the panels

themsel ves or the efficiencies of the
controller or inverter that handles
them.

Solar panels are rated on their
(peak power outputd Peak power
onasolar panel inbright sunlight is
normally generated at between 14
and 20 volts. This voltage can go up
and down quite significantly,
depending on the amount of sunlight



available.

This swing in voltage gets much
higher if you have multiple solar
panel s connected together in series
I orifyouareusinga
higher-voltage solar panel. Itis
common for asolar array with
fifteen or twenty panel s connected
In series to have voltage swings of
several hundred volts when a cloud
obscures the sun for afew seconds!

Managi ng this voltage swing can be
done in one of two ways. The cheap
and simple method is to cut the
voltage down to a setting that the
solar panel can easily maintain. For



Instance, a solar panel rated at 12
volts will usually maintaina
voltage level of at least 14 volts
during daylight hours. A charge
controller or inverter that cuts the
voltage downto this level will then
always be abl e to use this power.
The disadvantage of this approach
IS that, as you cut the voltage, the
wattage drops with it, meaning you
can lose a significant amount of
energy.

In terms of the amount of energy you
can capture, as opposed to what the
solar array collects, this method can
reduce the efficiency of a solar
array by around 25%.



A better solutionisto use
controllers and inverters that
Incorporate Maxi mum Power Point
Tracking (MPPT). Maximum
power point tracking adjusts the
voltage fromthe solar array to
provide the correct voltage for the
batteries or for the inverter in order
to remove this i nefficiency.

Maxi mum power point trackers are
typically 901 95% efficient. Over
the past three years, the price of
MPPT controllers and inverters has
dropped and the availability has
increased to the point whereitis
amost always worth buying an



MPPT controller and inverter for
all but the very smallest and
simplest solar installations.

Incidentally, you only need an
MPPT inverter for grid-tie systems
where you are powering the
inverter directly fromthe solar
panels. You do not require an
MPPT inverter if you are planning
to runthe inverter through a battery
bank.

To take into account power point
efficiencies, you need to divide
your calculation by 0.9 if you plan
to use aMPPT controller or
inverter, and by 0.75 if you planto



use a non-MPPT controller or
inverter:

Non MPPT M PP
controller/inverter controller/iny
calculation calculatic

Flat Solar Flat
solar panelat  solar  pe
panel  38Atilt  panel 3

411 288 411
watts® watts0  wattsd  w

0.75= 075= 09= 0
548 384 456 |
watt watt watt v
solar solar solar <
panel panel panel 0




The effects of
temperature on solar

panels

Solar panels will generate less
power when exposed to high
temperatures compared to when
they are inacooler climate. Solar
PV systems can often generate more
electricity on a day with a cool
wind and a hazy sun than when the
sunis blazing and the temperature is
high.

When solar panels are givena
wattage rating, they are tested at
25/C (77AF) against a 1,000 W/m|



light source. At a cool er
temperature, the solar panel will
generate more electricity, whilst at
awarmer temperature the same
solar panel will generate less.

As solar panels are exposed to the
sun, they heat up, mainly due to the
infrared radiation they are
absorbing. As solar panels are
dark, they can heat up quite
considerably. In a hot climate, a
solar panel can quite easily heat up
to 801 90AC (160i 1754F).

Solar panel manufacturers provide
i nformeati on to show the effects of
temperature on their panels. Called



atemperature coefficient of power
rating, it is shown as a percentage
of total power reduction per 1AC
Increase in temperature.

Typically, thisfigure will beinthe
region of 0.5%, which means that
for every 1AC increasein
temperature, youwill lose 0.5%
efficiency fromyour solar array,
whilst for every 1AC decrease in
temperature you will improve the
efficiency of your solar array by
0.5%.

Assuming a temperature coefficient
of power rating of 0.5%, thisisthe
Impact on performance for a 100W



solar panel at different

temperatures:
5K/ 15Ak 25k
45 |/ /
504  T77A
Panel 110w 105w 100V
output for
a 100w
solar
panel

Percentage 10% 5% 0%
gairn/loss

In northern Europe and Canada,
hi gh temperature is not a significant
factor when designing a solar




system. However, in southern states
of Americaand in Africa, India,
Australia and the Middle East,
where temperatures are
significantly above 254C (774F) for
much of the year, the temperature of
the solar panels may be an

I mportant factor when planning your
system.

If you are designing a system for
all-year-round use, theninall
fairness a slight dip in performance
at the height of summer is probably
not an issue for you. If that is the
case, you do not need to consider
temperature within the design of
your system and you can skip this



i nformati on.

If your ambient temperature is high
during the times of year you need to
get maxi mum performance from
your solar panels, then you will
need to account for temperature in
your design.

Y ou can help reduce the
temperature of your solar panels by
ensuring afree flow of air both
above and bel ow the panels. If you
are planning to mount your solar
panels on aroof, make sure thereis
agap of around 71 10cm (3i' 4")

bel ow the panels, to allow aflow
of air around them. Alternatively,



you can consider mounting the
panels onapole, whichwill also
aid cooling.

For aroof-top installation, if the
average air temperature at a
particular time of year is
25/C/77AF or above, multiply this
temperature in Celsiusby 1.4 in
order to get alikely solar panel
temperature. For a pole-mounted
installation, multiply your air
temperature by 1.2 in order to
calculate the likely solar panel
temperature. Thenincrease your
wattage requirements by the
percentage |oss showninthe
temper atur e coefficient of power



rating shown on your solar panels,
inorder to work out the wattage you
need your solar panels to generate.

Temperature impact on solar
performance in Austin, Texas
during the summer months

By way of an example, hereisa
table for Austinin Texas. This
shows average air temperatures for
each month of the year, the
estimated solar panel temperature
for the hottest months of the year
and the impact on the performance
onthe solar array, assuming a
temperature coefficient of power
rating of 0.5%.




Jan

Average A9/

monthly .
temperature 10/C

Likely roof-
mounted
temperature of
solar array
(Celsiusx 1.4)

Performance
impact for roof
-mounted
solar:

Likely pole-

Feb

534
12/4C



mounted
temperature of
solar array
(Celsiusx 1.2)

Performance
i mpact for
pole- mounted
solar:

The Performance | mpact
calculationsinrows 3 and 5 of the
above table are cal culated using the
following formula:

(Estimated Solar Panel Temp ACi
25/C) x (i Temp Coefficient of
Power Rating)



So, for July, the calculation for
roof-mounted solar was (41AC i
25/C) x (i 0.5) =18%

For around five months of the year,
the ambient temperature in Austinis
greater than 25AC/77AF. During
these months, the higher temperature
will mean lower power output from
asolar array. If you are designing a
system that must operate at

maxi mum efficiency during the

hei ght of summer, you will need to
Increase the size of your solar array
by the percentages shown, in order
to handl e this performance
decrease.



Y ou can find the average ambient
air temperature for your location by
visiting The Weather Channel
website at www.weather.com. This
excellent site provides average
monthly temperatures for towns and
cities across the world, shownin
your choice of Fahrenheit or
Celsius.

Our exampl e holiday home project
Isinthe United Kingdom, where the
temperature is below 25AC for most
of the year. In addition, our solar
design will produce more power
than we need during the summer
months. As aresult, we canignore



temperature in our particular
proj ect.



Working out an

approximate cost

It is worth stressing again that these
figures are only approximate at this
stage. We have not yet taken into
account the site itself and we are
assuming that shading will not be an
I Ssue.

If you are planning to do the
physical installation yourself, a
solar electric system consi sting of
solar array, controller and battery
costs around A4.00 ($6.20 US) per
watt, +/1 15%.

A grid-tie systemis cheaper to



install than a stand-al one system, as
you do not need to budget for
batteries. Youwill, however, need
aqualified electrician to certify the
system before use. In most
countries, youwill also need all the
components used inyour solar
installation to be certified as
suitable for grid installation. If you
are planning grid-tie, budget around
A2.00i A3.00 ($3.10i $4.60 US) per
watt, +/7 15%.

For our holiday home installation,
we need 320 watts of solar
electricity if wetilt the solar panels
towards the sun, or 456 watts if we
mount the panel s flat. Our rough



estimate suggests a total system cost
of around A1,280 ($1,970 US), +/i
15% for tilted panels, or AlL,824
($2,800 US) +/i 15% for aflat
panel installation.

If you remember, the cost to connect
thi s holiday home to a conventional
electricity supply was A4,500
($7,200). Therefore, installing solar
energy is the cheaper option for
providing electricity for our home.

What if the figures do not add

up?
In some installations, you will get
to this stage and find out that a solar




electric systemsimply is
unaffordable. Thisis not
uncommon. | was asked to cal cul ate
the viability for using 100% solar
energy at anindustrial unit once,
and came up with a ballpark figure
of A33i m (around $54m)!

When this happens, you can do one
of two things. walk away, or go
back to your original scope and see
what can be changed.

The best thing to do is go back to
the original power analysis and see
what savings you can make. Look at
the efficiencies of the equi pment
you are using and see if you can



make savings by using

| ower-energy equipment or
changing the way equipment is
used.

If you are absol utel y determined to
implement a solar electric system,
thereis usually away to do it.
However, you may need to be
ruthless as to what you have to
|eave out.

In the exampl e of the industrial unit,
the underlying requirement was to
provide emergency lighting and
power for a cluster of computer
serversif there was a power cut.
The cost for implementing this



system was around A32,500
($52,000): comparable in cost to
installing and mai ntaining on-site
emergency generators and UPS
equi pment.



Working out dimensions

Now we know the capacity of the
solar panels, we canwork out an
approximate size of our solar array.
Thisis extremely useful information
to know before we carry out our
site survey: the solar panels have to
go somewhere. We need to be able
to find enough suitabl e space for
themwhere they will receive
uninterrupted sunshine in a safe

| ocation.

There are two main technol ogies of
solar panels on the market:

amor phous and crystalline solar
panels. | will explainthe



characteristics and the advantages
and di sadvantages of each, |ater on.

For the purposes of working out
how much space youdre going to
need to fit the solar panels, you
need to know that a 1m|

(approxi mately 9.9 square feet)
amorphous solar panel generatesin
the region of 60 watts, whilst a 1m]
crystalline solar panel generatesin
the region of 160 waltts.

Therefore, for our holiday home,
we are looking for alocation where
we canfit between 5 and 7.6m
(491 75 square feet) of amorphous
solar panels or 21 3m] (201 29



square feet) of crystalline solar
panels.



In conclusion

1 By calculating the amount of
solar energy theoretically
available at our site, we can
calculate ballpark costs for
our solar electric system

1 Therearevarious
| nefficiencies that must be
considered when planning
your system. If you do not
take these into account, your
system may not generate
enough power

1 Itisnot unusual for these
ball park costs to be far too



expensive on your first
attempt. The answer isto
look closely at your original
scope and see what can be cut
in order to produce a cost-
effective solution

Aswell as working out
ballpark costs, these
calculations also help us
work out the approxi mate
dimensions of the solar array.
This means we know how
much space we need to find
when we are carrying out a
Site survey



Surveying Your Site

The site survey is one of the most

I mportant aspects of designing a
successful solar system. It will
identify whether or not your siteis
suitable for solar. If itis, the survey
identifies the ideal positionto
install your system, ensuring that
you get the best val ue for money
and the best possible performance.



What we want to achieve

For a solar electric systemto work
well, we need the site survey to
answer two questions:

1 Isthere anywhere onthe site
that is suitable for positioning
my solar array?

1 Do nearby obstacles such as
trees and buildings shade out
too much sunlight?

The first question might at first
sound daft but, depending on your
project, it can make the difference
between a solar energy system
being viable or not.



By answering the second question,
you can identify how much of the
available sunlight you will be able
to capture. It is vitally important
that you answer this question. The
number one reason for solar energy
failing to reach expectationsis
obstacl es bl ocking out sunlight,
which dramati cally reduces the
efficiency of the system.

To answer this second question, we
need to be able to plot the position
of the sun through the sky at
different times of the year. During
the winter, the sunis much lower in
the sky than it is during the summer



months. It is important to ensure that
the solar array canreceive direct
sunlight throughout the day during
the winter.

What you will need

Youwill need acompass, a
protractor, a spirit level and atape
measure.

Inevitably aladder isrequired if
you are planning to mount the solar
array onaroof. A camera can also
be extremely useful for
photographing the site. If you have
an iPhone or an Android cell phone,
you can al so download some cheap
software that will help you identify



the path of the sun across the sky
and assist with obstacle analysis.

| also find it useful to get some
|large cardboard boxes. Open them
out and cut theminto the rough size
of your proposed solar array. This
can help youwhenfinding a
location for your solar panels. Itis
far easier to envisage what the
installationwill ook like and it can
help highlight any installation i ssues
that you might otherwise have
missed.

If you have never done a solar site
survey before, it does help if you
visit the site on a sunny day.



Once you have more experience
with doing solar site surveys, you
will find it does not actually make
much difference whether you do
your site survey on a sunny day or
anovercast day. As part of the site
survey, we manually plot the sunGs
position across the sky, so once you
have more experience, sunny
weather actually makes little
difference to the quality of the
survey.



First impressions

When youfirst arrive on the site,
the first thing to check is that the
layout of the site gives it access to
sunlight.

We will use amore scientific
approach for checking for shade
later, but a quick ook first often

hi ghlights probl ems without needing
to carry out a more in-depth survey.

If you are in the Northern

Hemi sphere, ook from east,
through south and to the west to
ensure there are no obvious
obstructions that can block the
sunshine, such as trees and other



buildings. If you are inthe Southern
Hemisphere, you need to check
from east, through north to west for
obstructions. If you are standing on
the equator, the sun passes
overhead, so only obstructionsin
the east and west are importan.

Be very careful not to ook directly
at the sun, even for a few moments,
whilst you are carrying out this
survey. Eveninthe middle of
winter, retina burn can cause
permanent damage to your eyesight.

Look around the site and identify all
the different options for positioning
the solar array. If you are



considering mounting your solar
array on aroof, remember that the
world looks a very different place
from aroof-top, and obstructions
that are a problem standing on the
ground | ook very different when
you are at roof height.

Drawing a rough sketch of the
Site

It can be hel pful to draw up arough
sketch of the site. It does not have to
be accurate, but it can be a useful
tool to have, both during the site
survey and afterwards when you are
designing your system.




Include all properties and trees that
are close to your site and not just
those on your land. Include trees
that are too small to worry about
now, but may become a problemin
afew yearsotime. Also make a note
of whichway is north.



Positioning the solar
array

Your next task is to identify the best
| ocation to position your solar
array. Whilst you may already have
a good idea where you wart to
install your solar panels, itis
aways a good ideato consider all
the different options available to
youl.

Aswe discovered inthe last
chapter, solar arrays perform at
their best when tilted towards the
sun.

If you are planning to install solar



energy for a building, then the roof
of the building can often be a
suitable place to install the solar
array. Thisis effective where the
roof is south-facing or where the
roof isflat and you canfit the
panel s usi ng angled mountings.

Other alternatives are to mount
solar panelsonawall. Thiscan
work well withlonger, slimmer
panel s that can be mounted at an
angle without protruding too far out
fromthe wall itself. Alternatively,
solar panels can be ground-mounted
or mounted on a pole.

When considering a position for



your solar array, you need to
consider how easy it is going to be
to clean the solar panels. Solar
panels do not need to be spotless,
but dirt and grime will reduce the
efficiency of your solar systemover
time, so while you are looking at
mounting solutions it is definitely
worth considering how you can
access your panelsto givethema
guick wash every few months.

Roof-mounting

If you are planning to mount your
solar array on a roof, you need to
gain access to the roof to check its
suitability.




Use a compass to check the
direction of the roof. If it is not
directly facing south, you may need
to construct an angled support in
order to get the panel s angled
correctly.

Youwill aso need to find out the
pitch of the roof. Professional s use
atool called a Roof Angle Finder
to calculate this. Roof angle finders
(also called Magnetic Polycast
Protractors) are low-cost tools
available from buildersd merchants.
Y ou press the angle finder up

agai nst the rafters underneath the
roof and the angle finder will show



the angle in degrees.

Alternatively, you can cal cul ate the
angle using a protractor at the base
of aroof rafter underneath the roof
itself.

Solar panels in themsel ves are not
heavy: 151 20 kilograms (33i 44
pounds) at most. Y et when multiple
panel s are combined with aframe,
especially if that frameis angled,
the overall weight can become quite
significant.

Check the structure of the roof.
Ensure that it is strong enough to
take the solar array and to ascertain
what fixings youwill need. Itis



difficult to provide general advice
on roof structures and fixings. There
are so many different roof designs it
IS not possible for me to provide
much useful information onthis
subject. If you are not certain about
the suitability of your roof, ask a
builder or an architect to assess
your roof for you.

Roof-mounting kits are available
fromsolar panel suppliers.
Alternatively, you can make your
own.

If it does not compromise your
solar design, it can be quite useful
to mount your solar panels at the



lowest part of the roof. This can
make it considerably easier to keep
the panel s clean: most window
cleaners will happily wash
easily-accessible solar panelsif
they are situated at the bottom of the
roof, and tel escopi c window
cleaner kits are available to reach
solar panels at the lower end of a
roof structure.

Measure and record the overall
roof-space available for a solar
array. Itisalso agood ideato use
the cardboard cut-outs you made
earlier and place these on the roof
to give adook and feel 6for the
installation and help you identify



any install ation i ssues you may have
with positioning and mounting the
solar array.

Ground-mounting

If you want to mount your solar
array on the ground, you will need a
frame onto which you can mount
your solar panels. Most solar panel
suppliers can supply suitable
frames or you can fabricate your
ownonsite.

There are benefits for a ground-
mounted solar array: you can easily
keep the panel s clean and you can
use a frame to change the angle of




the array at different times of year
to track the height of the suninthe

sky.
Take a note of ground conditions, as

you will need to build foundations
for your frame.

Incidentally, you can buy
ground-mounted solar frames that
can also move the panel to track the
sun across the sky during the day.
These Solar Trackers canincrease
the amount of sunlight captured by
around 151 20% inwinter and up to
55% in summer.

Unfortunately, at present,
commercial solar trackers are



expensive. Unless spaceis at an
absol ute premium, you would be
better to spend your money ona
bigger solar array.

However, for a keen DIY engineer
who likes the idea of a challenge, a
solar tracker that moves the array to
face the sun as it moves across the
sky during the day could be a useful
and interesting project to do. There
are various sites on the internet,
such as instructabl es.com, where
keen hobbyi sts have built their own
solar trackers and provide

I nstructions on how to make them.

Pole-mounting




Another option for mounting a solar
panel is to affix one onapole.
Because of the weight and size of
the solar panel, youwill need an
extremely good foundation and a
heavyweight pole, in order to
withstand the wind.

Y ou can mount up to 600-watt
arrays using single-pole mounti ngs.
Larger arrays can be pol e-mounted
using frames constructed using two
or four poles.

Most suppliers of solar panels and
associ ated equi pment can provide
suitable poles.



Splitting the solar array into
severa smaller arrays

It may be that when you get to the
site, you find that there is no one
space available that will allow you
to install all the solar panels you
need. If thisisthe case, itis
possible to split your single solar
array into several smaller arrays.
This means, for instance, that you
could have two sets of panels
mounted on different roof pitches,
or some mounted on a roof and
some froma pole.

If you do this, you are creating two
separate solar energy systents,



which you then have to link
together. For a grid-tie system, you
would require either amicro-
inverter systemor aninverter that
can accept i nputs from more than
one solar array. For a stand-alone
system, you would require a battery
controller for each separate solar
array.



|dentifying the path of
the sun across the sky

Once you have identified a suitable
position for your solar array, itis
time to be alittle more scientific in
ensuring there are no obstructions
that will block sunlight at different
times of the day, or at certaintimes
of the year.

The path of the sun across the sky
changes throughout the year. Thisis
why carrying out asite survey is so
I mportant: you cannot just check to
see where the sunis shining today.
The height and position of the sun
constantly changes throughout the



year.

Each year, there are two daysinthe
year when the day is exactly twelve

hours long. These two days are 215t

March and 21t September, the
solar equinoxes. Onthese

egui noxes the sun rises due east of
the equator and sets due west of the
equator. At solar noon on the
equinox, exactly six hours after the
sun has risen, the angle of the sunis
90Aminus the local |atitude.

In the Northern Hemi sphere (i.e.
north of the equator), the longest

day of the year is 215t June and the



shortest day of the year is 218t
December. These two days are the
summer and winter solstices
respectively.

On the summer solstice, the angle of
the sunis 23.5Ahigher thanitis on
the equinox, whil st on the winter
solstice the angle is 23.5Al ower
than on the equi nox.

These two extremes are due to the
tilt of the earth, relative to its orbit
around the sun. Inthe Northern
Hemi sphere, the summer solstice
occurs when the North Poleis tilted
towards the sun, and the winter

sol stice occurs when the North Pole



Is tilted away from the sun.
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Figure 4: This chart
shows the different
paths of the sun from
sunrise to sunset at
different times of the
year fromthe
Northern
Hemisphere. The
i nter section between
N, S E and Wis your
location.

We will take London in the United
Kingdom as an example. LondonGs
|atitude is 51A On the equinox, the
angle of the sun at noonwill be 39A
(90Ai 51A. On the summer



solstice, the angle will be 62.5A
(39A+ 23.5A and on the winter
solstice, it will be 15.5A(39Ai
23.54.

London in mid-summer, compared
to London in md-winter

Aswell asthe solar irradiance
figures, Appendix B shows the



hei ght of the sunin the sky at noon
at different times of the year and the
optimumtilts for solar panels for
the United States, Canada,
Australia, New Zealand, United
Kingdom and Ireland.

For more detailed information on
sun heights on a monthly basis, or
for information for other countries,
visit

www. Sol ar El ectricityHandbook.cot
and follow the link to the solar
panel angle calculator.



Shading

As mentioned in a previous chapter,
shading can have a very significant

I mpact on the performance of your
solar energy system. Even atiny
amount of shading can have a huge
Impact on the amount of energy that
your systemis able to generate.
Therefore, it isimportant that your
solar array remains shade-free
whenever possible.

You can carry out thisanalysisin
various ways. You can use a
professional obstacle analysis tool,
you can download an obstacle
analysis tool onto your cell phone



Or you can use paper and pencil to
come up with arough plan.

Professional tools for obstacle

analysis

In the past, a product called a Solar
Pathfinder was one of the best
tools you could get. Thiswas a
plastic unit with an angle chart
mounted on the top. A glass dome
was then placed on top of the chart.
Y ou would mount the unit onto a
tripod at the desired location.
Obstacles were reflected inthe
glass bubble and this would allow
you to manually plot the obstacles
on the chart and then manually work




out your shading issues.

The Solar Pathfinder is surprisingly
effective, as it can be easily moved
around in order to find the best
location for solar panels. Many
professional solar installers still
use a Solar Pathfinder for quick
checks, despite al so using the more
expensive and advanced electronic
equi pment to provide a more
detailed analysis.

Some solar suppliers canrent you a
Solar Pathfinder for asmall daily
or weekly fee and can do the
manual cal cul ations for you once
you have plotted the obstacles.



Today there are el ectronic systems
that use GPS, tilt switches and

accel erometers to do thiswork
electronically. They are expensive
to buy or rent onadaily basis. They
do provide extremely
comprehensive solar analysis,
however, and if you plan to take up
solar installations professionally,
they are a worthwhile investment.

The best knownis the Asset from
Wiley Electronics and the SunEye
from Solmetric. My personal
preferenceis SUnEye, as | find the
unit simpler, but both products do a
similar job.



Cell phone applications

Whilst they are very good, these
tools are overkill for smaller solar
installations and are often very
complicated to use. Thankfully,
modern smart phones provide the
processing power and functionality
to do asimilar job. A few
companies have now devel oped
solar shade analysis software to run
on these mobil e phones. These use
the phoneds built-in GPS, compass,
accel erometer and camerato record
acomplete shade analysisina
matter of afew moments.

If you have an iPhone, you can



download a product called
Solmetric IPV. Costing $29.99, this
application handles your obstacle
tracking, automatically providing
charts showing your shading

analysi s throughout the year. The
detail of reportingis not as great as
some of the other electronic tools,
but more and more professionals
are now using this software. It
provides most of the functions that
you get with a more expensive
system, but in a package that is
easier to use and far cheaper to buy.

Y ou can find out more about
Solmetric IPV from
www..solmetric.com and the



software can be downloaded from
the 1 Tunes website.

Alternatively, thereis an Android
phone download called Solar
Shading, produced by Comoving
Magnetics. Costing $15 on the
Android Market, this application
provides you with a complete
shading analysi s throughout the
year, presenting the informationin
easy-to-read charts.
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Using paper and pencil
Finally, if you do not have access to
aprofessional tool or asuitable
mobi | e phone, you can use the ol d-
fashi oned method of paper and
pencil. Go to the position where
you are planning to put your solar
array and find due south with a
compass. Looking from the same
hei ght as your proposed | ocation,
and working from east to west,
check there are no obstacl es, such
as trees or buildings, that can shade
the sun at different times of the day
or whenthe sunis at its lowest
winter height.



To do this, youwill need to find out
what position the sun rises and sets
at different times of the year.
Thankfully, thisis easy to find out.
The solar angle cal culator which
you can find at

www. Sol ar El ectricityHandbook.cor
includes this information, making it
easy to identify the path of the sun at
these different times of the year.

For a simple one-off site survey, the
easi est way to identify potential
obstructions is to use a protractor
and pencil. Tape the pencil to the
centre of the protractor where all
the lines meet, in such a way that



the other end of the pencil can be
moved across the protractor. You
can use this protractor to check the
field of view, using the pencil as an
Gai mer6to show the angl e of the sun
in the sky based on different times
of the year.

Tape

Be very careful not to look directly



at the sun, even for a few moments,
whilst you are carrying out this
survey. Eveninthe middle of
winter, retina burn can cause
permanent damage to your eyesight.

Your survey needs to ensure there
are no obstacles in the depths of
winter, whenthe sunisonly afew
degrees up inthe sky.

In the case of London, on the 215t
December the sunwill be only

151 Ahigh at midday (at due south)
and lower than that for the rest of
the day.

If there are obstacl es that are
blocking visibility of the sun, find



another location. Alternatively, find
other ways around the obstacl e,
such as mounting the solar array
higher up on aframe.

Of course, if you do not need your
solar system to produce much
power during the winter months this
may not be a problemfor you.
However, make sure obstacles do
not shade your system for the times
of year when you need power.



Future proof your system

Y ou do need to consider the future
wheninstalling a solar electric
system. The systemwill have a
lifetime of at |east 20 years, so as
far as possible you need to ensure
that the systemwill be effective for
that length of time.

When scanning the horizon, take
Into account that trees and hedges
will grow during the lifetime of the
system. A small spruce inanearby
garden could grow into a monster in
the space of afew years, and if that
isarisk, itisbest to know about it
now, rather than have a nasty



surprise afew years downthe line.

Seeif thereis any planned building
work nearby that may overshadow
your site and try to assess the
likelihood of future building work
that could have animpact on
shading.

It is also worth finding out if fog or
heavy mistis aproblemat certain
times of the year. The efficiency of
your solar array will be
compromised if the site has regular
problems with heavy mist.

What if there are shading
obstructions?




If there are obstructions that shade
your proposed | ocation, and there
are no other locations that are
suitable for solar, you need to
ascertain at what point during the
day the obstructions occur.

Anything due south (or due north
in the Southern Hemisphere) isa
mgjor problem, as thiswill be the
position of the sun when the
intensity of the sunlight is at its
highest. Core power generation
occurs between 9am and 3pm. If
you have shading either before 9am
or after 3pm, youwill lose around
20% of your capability inthe



summer, or 40% of your capability
iIf you have shading both before 9am
and after 3pm.

During the winter, the difference
IS not so great. If you have shading
before 9am or after 3pm during the
winter, youwill probably lose only
around 51 10% of your generating
capabilities during this time.

If you have shading during your
core power generation times, you
need to give serious thought as to
whether you should continue with a
solar implementation: the
performance of your solar system
will be severely compromised.



If you do have significant
shading issues and you warnt to find
out the exact impact of these
obstructions on your solar array,
you are going to need to use a
professional tool for obstacle
analysis. The electronic tools will
be able to quantify exactly wheat the
Impact of the shade is on your
system at different times of the year.

If obstructions occur for part of the
day, such as during the morning or
during the afternoon, you can
consider increasing the number of
solar panels you purchase and
angling them away fromthe



obstruction in order to increase
their collection of sunlight during
the unobstructed parts of the day.

Alternatively, you may be better
off investigating other energy
options, such as wind power or fuel
cells, either instead of using solar
or in combi nation with a smaller
solar electric system.

Appendix A looks at the issue of
shadinginalot more detail and
explains how you can work around
obstruction issues. It is aways best
to avoid shade as far as possible,
because workarounds can become
costly. However, if you cannot



eliminate shade altogether, it need
not write off solar as a sol ution that
canwork for you.



Positioning batteries,
controllers and inverters

Y ou need to identify a suitable
location for batteries. This could be
aroomwithinabuilding, ina
garage or gardenshed, or ina
weatherproof battery housing.

It isimportant to try to keep all the
hardware close together, in order to
keep the cabl e |engths as short as
possible. By thardwared | am
referring to the solar array itself,
batteries, controller and inverter.

For the batteries, inverter and
controller, you are looking for a



| ocation that fits the following
criteria
1 Water- and weather proof

1  Not affected by direct
sunlight

1 Insulated to protect against
extremes of temperature

1 Facilities to ventil ate gases
from the batteries

1  Protected from sources of
ignition

1 Away fromchildren, pets
and rodents

Lead acid batteries give off very



small quantities of hydrogen when
charging. Hydrogen is explosive.
Y ou must ensure that, wherever
your batteries are stored, the area
recelves adequate external
ventilation to ensure these gases
cannot build up.

Because of the extremely high
potential currents involved with
|ead acid batteries, the batteries
must be in a secure area away from
children and pets.

For all of the above reasons,
batteries are often mounted on
heavy-duty racking, whichisthen
made secure using an open-mesh



cage. Alternatively, you can
purchase purpose-built battery
enclosures fromsolar or battery
suppliers.

Controllers and inverters need to be
mounted as close to the batteries as
possible. These are often
wall-mounted, but can also be
mounted to racking.

Large inverters can be extremely
heavy, so if you are planning to
wal l-mount one, make sure that the
wall isload-bearing and able to
take the wel ght.



Cabling

While you are on site, consider
likely routes for cables, especially
the heavy-duty cables that link the
solar array, controller, batteries and
inverter together. Try to keep cable
|engths as short as possible, as
longer cables mean lower
efficiency. Measure the |engths of
these cabl es so that you can
ascertain the correct specification
for cables when you start planning
the instal | ati on.



Site survey for the

holiday home

Back to our holiday home exampl e
based on our previous cal cul ations,
our holiday home needs a solar
array capabl e of generating 320
waitt-hours of energy, if we angle
the array towards the sun. This
solar array will take up
approximately 2m| (18 sg. ft) of
surface area.

Our site survey for the holiday
home showed the main pitch of the
roof is facing east to west. Thisis
not ideal for asolar array. The
eastern side of the roof has a



chimney. Thereis shade fromatall
tree that obscures part of the west-
facing part of the roof. Thereisno
space on the gable end of the roof to
fit the required solar panels.
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Map of the holiday
home, identifying
likely obstacles and
a suitable position
for the solar array

Anold shed close to the house has a
south-facing roof, but only a 20A
pitch. A tree shades the shed for
most of the mornings for nine
months of the year. Furthermore, the
condition of the shed means that it
would need significant remedial
work should we decide to use it.

Thereis afarmto the east of the
house, withalarge barnand a
number of trees bordering the



house, the tallest of whichis
approximately 30 feet (10m) tall.
One of these trees provides shade
to the shed and part of the rear of
the house during the winter, and
may provide more shade during the
rest of the year if it continues to
grow.

The garden is south-facing and
receives sunlight throughout the
year.

We decide to install the solar array
inthe rear garden, constructing a
suitable 1.2m (4 feet) tall garden
store with a south-facing pitched
roof of approximately 52A



(allowing usto tilt the solar array at
38Afromvertical for best year-
round sunshine). Our solar house
will hold the batteries and
controller and will have adequate
ventilation to ensure that the small
amounts of hydrogen generated by
the batteries can escape. By
building our own structure, we can
install the solar array at the
optimum tilt to capture as much
sunlight as possible. This means our
solar array is compact and keeps
our costs to a minimum.

The solar house will be located
around 10m (33 feet) fromthe
house and shiel ded from the house



by a new shrubbery.

The cabl e lengths between the solar
array and the solar controller are
approximately 2m (61 feet). The
cabl e length between the solar
controller and the batteriesisless
than 1m (3 feet). The cable length
between the solar house and the
home is 12m (40 feet). Thereisa
further 10m (33 feet) of cabling
inside the house.

These longer cable lengths are not
ideal. Cable runs should be as short
as possible in order to reduce
power |osses through the cable.
However, we cannot position the



solar array any nearer to the house.
We will have to address this
particular problem through our
design.



In conclusion

1 Thereisalottodoonasite
survey. It isimportant. Spend
time; get it right.

1 Drawingamap and taking
photographs can hel p with the
Site survey and are invaluable
for the next stage, whenwe
start designing our new
system.

1 Solar panels can be
roof-mounted, mounted with a
frame onthe ground or ona
pole.

1 Onceyou haveidentified a



|ocation for the panel s, check
for obstructions that will
shade the panel s throughout
the year.

1  These obstructions are most
likely to be an issue during
the winter months, when solar
energy is at a premium.

1 Identify a suitable space for
batteries, controller and
inverter.

1 Planthe cable runs and the
measure the length of the
required cables.

1 Cables should be as short as



possible, in order to reduce
the voltage | osses through the
system. If long cable lengths
are necessitated by the
positioning of the solar array,
we may need to run our
system at a higher voltage to
compensate.



Understanding the
Components

Once you have completed your site
survey, you know all the facts: how
much power you need to generate,
the suitability of your site and
approximately how muchit is going
to cost you.

Now you need to look at the
different technol ogi es and products
that are available, to see what best
suits you and your application.

Y our choice of components and the
design of your systemwill depend



on whether you are designing a
stand-al one system (which also
includes grid fallback and grid
failover systems), or agrid-tie
system that exports energy to the
grid.

Because there are differencesinthe
design of stand-alone and grid-tie
systems, | have split this section
into four chapters. This chapter
|ooks at components that are
common to both grid-tie systems
and stand-al one systems. The next
chapter |ooks specifically at what
you require for grid-tie systems.
The third chapter |ooks specifically
at stand-al one systems and systems



that i ncorporate their own battery
store, whilst the fourth chapter
|ooks at the component certification
and regul ations that you need to take
Into account when selecting solar
energy equi pment.

How to use these chapters

These next three chapters will go
into much more detail about the
different options available to you.
There is a bewildering choice of
solar panels, batteries, controllers,
inverters and cables.

These chapters explain the
technology inalot more detail, so




you can go and talk sensibly to
suppliers and understand what they
are saying.



Common components for
al systems

Coreto al solar energy systems are
the solar panel s themsel ves. Most
solar panel s can be used for either
grid-tie or stand-alone use, and
although recently some
manufacturers have rel eased

hi gher-voltage solar panels
designed specifically for grid-tie
applications, the criteriafor
choosing one solar panel over
another remain the same.



Solar panels

There are three different

technol ogies used for producing
solar panels. Each has its own set
of benefits and disadvantages.

For the purpose of this handbook, |
amignoring the expensive sol ar
cellsused on satellitesand in
research |aboratories and focusing
on the photovoltaic panels that are
available commercially at
reasonabl e cost today.

Amorphous solar panels

The cheapest solar technology is
amorphous solar panels, also



known as thin-film solar panels.

These panel s have had a bad
reputation in the past, with poor
product reliability and questionable
lifespan. This has often been down
to the chemistries used in ol der
designs of panel breaking down
under extremes of temperature over
aperiod of afew years, or the poor
quality of materials used inthe
production of cheap panels.

Thankfully, this technol ogy has
matured significantly over the past
five years and amorphous solar is
now regarded as being highly
reliable, with some significant



benefits over traditional solar
panels. Big name manufacturers
such as Mitsubishi, Sanyo and
Sharp now manufacture high-quality
amorphous solar panels, along with
some exceptionally good specialist
manufacturers such as Solar
Frontier and Uni-Solar. Some
manufacturers now even offer aten-
or twenty-year warranty on their
amorphous panels.

On paper, amorphous solar panels
are the | east-efficient panels
available, typically converting
around 61 8% of available sunlight
to electricity. This means that you
need twice as much space available



for installing amorphous solar
panel s compared to crystalline
panels.

However, amorphous panels are
good at generating power evenon
overcast and extremely dull days. In
general, they are also far better in
extreme temperature conditions,
with significantly |ess power loss at
hi gher temperatures than other solar
panel technologies.

Unlike other solar panel

technol ogies, amorphous solar
panels provide excel lent
performance even when partially
shaded. Whil st a best-case scenario



IS to eliminate shading whenever
and wherever possible, amorphous
panel s continue to operate at a high
level of efficiency evenif part of
the array isin shade.

Amorphous panels can also be
manufactured into a shape or
mounted on a curved surface. They
can be made to be hard-wearing
enough to be fitted onto surfaces
that can be walked on. A few solar
manufacturers have started
manufacturing amorphous solar roof
tiles (or shingles), so that new-
build houses can incorporate solar
into the structure of the roof.



This combi nati on makes amorphous
panel s suitabl e for integration into
consumer products such as mobile
phones and | aptop computers, and
for mobile products such as the roof
of an RV or caravan, where the
manufacturer has no control over
where the products are placed or
how they are used.

Amorphous panel s are the cheapest
panel s to manufacture and a number
of manufacturers are now screen-
printing low-cost amorphous solar
films. Over the past three years,
amorphous solar panel costs have
dropped by around 30% each year.



They are expected to drop to around
half their current (2012) cost by
2015.

Because of their lower efficiency,
an amorphous solar panel has to be
much larger than the equival ent
polycrystalline solar panel. Asa
result, amorphous solar panels can
only be used either where thereis
no size restriction on the solar array
or where the overall power
requirement is very low.

In terms of environmental impact,
amorphous panel s tend to have a
much lower carbon footprint at

point of production, compared to



other solar panels. A typical carbon
payback for an amorphous solar
panel would be in the region of

127 30 months.

Most amorphous solar panels have
comparatively low power outputs.
These panels canwork well for
smaller installations of up to around
300-watt outputs, but not so well
for larger installations: larger
numbers of panelswill be required
and the additional expensein
mounting and wiring these
additional panels starts to outweigh
their cost advantage.

Consequently, amorphous sol ar



panel s are often more suited to
OEM applications, as an energy
source built into a manufactured
product, or for large-scale
commercial installations where the
panels are incorporated into the
structure of a roof-space on a new
build.

Some of the most exciting advances
in solar technol ogies over the past
three years have come from
amorphous technol ogy. Products as
diverse as mobile phones, | aptop
computers, clothing and roofing
materials have all had amorphous
solar panels built into them. An
exciting technol ogy, amorphous



solar is going to get better and
better over the coming years.

Polycrystalline solar panels

Polycrystalline solar panels are
made from multiple solar cells,
each made fromwafers of silicon
crystals. They are far more efficient
than amorphous solar panelsin
direct sunlight, with efficiency
levels of 13i 18%.

Consequently, polycrystalline solar
panel s are often around one third of
the physical size of an equivalent
amor phous panel, which can make
them easier to fit in many




Install ations.

Polycrystalline solar panels
typically have a life expectancy of
about 25 years. This can often be
exceeded: commercial solar panels
only became available inthe | ate
1970s and early 1980s and many of
these panels are still perfectly
functional and in use to this day.

The manufacturing process for
polycrystalline solar panelsis
complicated. As aresult,
polycrystalline solar panels are
expensive to purchase, often costing
201 30% more than amorphous solar
panels. The environmental impact



of productionis also higher than
amorphous panel s, with a typical
carbon payback of 3i 5 years.

Prices for polycrystalline solar
panels are dropping, thanks to both
the increase in manufacturing
capacity over the past few years
and the increasing popul arity for
larger screen televisions, which use
the same specification glass. For
the past five years, prices have
been dropping by around 25% per
year. They will undoubtedly
continue to reduce in price as the
cost of amorphous solar technol ogy
continues to drop.



Monocrystalline solar panels

Monocrystalline solar panels are
made from multiple smaller solar
cells, each made fromasingle
wafer of silicon crystal. These are
the most efficient solar panels
available today, with efficiency
levels of 15i 24%.

Monocrystalline solar panels have
the same characteristics as
polycrystalline solar panels.
Because of their efficiencies, they
are the small est solar panels (per
watt) available.

Monocrystalline solar panels are
the most expensive solar panelsto




manufacture and therefore to buy.
They typically cost 351 50% more
than the equival ent polycrystalline
solar panels.

Which solar panel technology
IS best?

For most applications,
polycrystalline panel s offer the best

sol ution, with reasonabl e val ue for
money and a compact si ze.

Amorphous panels can be a good
choice for smaller installations
where space is not anissue. They
are usually not practical for
generating more than a few hundred



waits of power because of their
overall size, unless you have an
extremely large area that you can
cover with solar panels.

What to look for when
choosing a solar panel

Not all solar panels are created
egual, and it isworth buying a
guality branded product over an
unbranded one. Cheaper, unbranded
solar panels may not live up to your
expectations, especially when
collecting energy on cloudy days.

If you are spending alot of money
buying a solar energy system that



needs to last many years, itis
advisabl e to purchase from a known
brand such as Kyocera, Panasonic,
Clear Skies, Hyundai, Sanyo,
Mitsubishi, Solar Frontier or Sharp.
My personal recommendationis
Kyocera polycrystalline solar
panels, or Mitsubishi or Solar
Frontier amorphous panels. | have
found these to be particularly good.

Buying cheap solar panels

Not all solar energy systems have to
|ast ten or twenty years. If you are
looking for asmall, cheap systemto
provide power to an RV or

caravan, or your requiremernts are




modest, suchasinstallingalightin
a shed, buying a cheap solar panel
may well be the right option for
youl.

The quality of the cheaper solar
panels has improved significantly
over the past few years. Six or
seven years ago, buying a cheap,
unbranded Chi nese-made product
was arecipe for disaster. Many of
the panel s were poorly assembl ed,
allowing water to seep through the
frames and damaging the sol ar
cells. A lot of them used plate
gass, often athin, low-grade glass
that becomes clouded over time and
Is easily chipped or broken. The



cells used by these manufacturers
were often sub-standard reject cells
and often degraded very quickly.

Thankfully, most of these problems
are now resolved and if you buy a
cheap solar panel on eBay, you are
likely to have a good product that
will reliably generate power for
fiveto tenyears, and in all
probability alot longer. If you are
buying a solar panel froma
manufacturer you have never heard
of, here is a checklist of thingsto
look for:

Buy bigger than you think youdl
need



If you are buying a very cheap solar
panel, you are likely to be saving as
much as 50% of the price when
compared to buying a branded
product. However, expect it to
degrade slightly more quickly than a
branded unit, and do not expect it to
be quite so efficient.

To counter this, buy a solar panel
with a higher watt rating (often
shown as a wait peak, or Wp,
rating) than you actually need, or
buy additional solar panelsif you
are purchasing an entire array. Aim
for 15% more power than you
would otherwise have bought. Y ou



will still save alot of money, but
you will have an extra bit of
assurance that the systemwill be up
to the task.

Warranty

With cheap solar panels, youdre not
going to get afive-, ten- or
twenty-year warranty, but you
should still expect a one- or
two-year warranty with any solar
panel you buy. Check to see exactly
what the warranty offers.

You are looking for a warranty that
guarantees a minimum output under
controlled conditions. The standard
across the industry is to guarantee



80% of the quoted output under
controlled conditions.

If you have awarranty claim, also
check to see how you can claimon
that warranty. Shipping a broken
solar panel half way around the
world and paying for return
carriageislikely to cost as much as
buying a new solar panel.

Glass

If you are buying a solar panel that
IS going to be fitted to a moving
vehicle, or if you are buying a
physically large solar panel, make
sure that the solar panel uses
tempered glass.



Tempered, or toughened, glassis
around eight times stronger than
plate glass. This makesit far more
robust. If your glassis chipped on
your solar panel, you will
immediately see a significant drop
in power output. If water gets into
the solar panel itself, it can create a
short circuit and becomes afire
hazard. Water and el ectricity do not
mix.

It is worth noting that some
amorphous solar panels cannot use
tempered glass because of the way
the thinfilmis applied to the glass.
Some manufacturers reduce this



problem by using thicker plate
glass.

Second-hand solar PV panels

From time to time, second-hand
solar panels appear for sale. They
appear on eBay or are sold by solar
equi pment suppliers or building
salvage yards.

So long as they come froma
reputabl e brand, second-hand sol ar
panel s can be extremely good val ue
for money and even old panel s that
are 25i 30 years old may still give
many more years of useful service.
Although good quality solar panels
should provide at least 25 years




service, nobody knows how much
longer they will last. The early
commercially available solar
panels (which are now over 30
years old) are still working
extremely well, typically working
at around 801 90% of their original

capacity.

There are, however, afew points to
look out for if you are considering
buying second-hand solar PV
panels:

1  Never buy second-hand
solar PV panels unseen. Take
amulti-meter with you and
test them outside to make sure



you are getting a reasonable
voltage and wattage reading

Check the panels and reject
any with chipped or broken
glass. Also reject any panels
where the solar cells
themsel ves are peeling away
fromthe glass or have
condensati on between the
glass and the solar cell

The efficiency of older
solar PV panelsis
significantly lower than new
panels. 30 years ago, the most
efficient solar panels were
only around 5i 6% efficient,



compared to 131 24%
efficiency levels today.
101 15 years ago, most solar
panels were around 10i 12%
efficient

Consequently, a solar PV
panel fromthe early 1980sis
likely to be three times the
size and weight of an
equivalent modern crystalline
panel

These second-hand panels
will not have any of the safety
certification ratings that you
get with new solar panels.
This may cause issues with



bui | ding regul ations or
building insurance, if you are
installing these onto a
building as part of a new
solar installation

Fresndl lenses and mirrors

A very brief word here about
Fresnel lenses and mirrors. The
Fresnel lens was invented for
lighthouses, as a way of projecting
alight over along distance. It does
this by refracting the light to make it
a concentrated beam. Scientists
have been experimenting with
Fresnel lenses in conjunction with
solar panels for concentrating the




power of the sunlight and focusing
it onasolar panel.

In effect, by concentrating the
sunlight into a smaller area and
increasing the solar irradiance,
significantly more energy can be
captured by the solar panel, thereby
improving its efficiency quite
impressively.

However, there are problems with
thi s technol ogy. Most specifically,
the heat build-up is quite
considerable and, in testing, many
solar panels have been destroyed
by the excessive heat generated by
the Fresnel lens. Thisis especialy



true of Fresnel lenses built by
enthusi asti c amateurs.

There are one or two companies
now promoting Fresnel solar
panels. These panels tend to be
quite large and bulky. Due to the
heat build-up, they also need to be
very carefully mounted, with
adequate ventil ation around the
panel. There are also questions
about the long-termreliability of
Fresnel solar panels. My advice
would be to avoid these until other
people have tried them for a number
of years and found out how reliable
they really are.



As an alternative, mirrors or
polished metal can be a useful way
of reflecting additional sunlight
back onto solar panels and
therefore increasing the solar
irradiance. However, you must take
care to ensure that the reflected
light does not dazzle anyone. The
practicalities of mounting, safety
and ensuring that peopl e are not
dazzled by the reflected sunlight
normal ly dissuade people from
using mirrorsinthis way.



Solar panel mountings

Y ou can either fabricate your own
mounting for your solar panels, or
purchase a ready-made modul ar
system.

The design of the system must take
into account wind loading, so that it
IS not damaged or destroyed in high
winds. If you areinstalling solar in
a hot climate, your mounting must
also ensure there is adequate

ventil ation behind the panel to
avoid excessive heat build-up.

Your support structure needs to be
able to set the angle of the solar
array for optimal positioning



towards the sun.

If you have not installed solar

el ectric systems before, itis usually
a good idea to buy a modul ar
support structure from the same
supplier as your solar panels. Once
you have more experience, you can
then choose to fabricate your own,
if you prefer.

Solar trackers

For ground- or pole-mounted sol ar
arrays, you can buy solar trackers
that track the path of the sun across
the sky and move the solar panels
so they are facing the sun at all
times.




The benefits of solar trackers are
that they increase the amount of
sunlight the solar panels can
capture. They increase energy
capture by up to 55% during the
summer months and by around

151 20% during the winter months.

Unfortunately, the cost of these
solar trackers means that they are
rarely cost-effective. Itis usually
far cheaper to buy alarger solar
array thanitisto buy a solar
tracker. Only if spaceisat a
premium are solar trackers
currently viable.



Solar array cables

Solar array cables connect your
solar panel s together and connect
your solar array to the solar
controller.

These cables are often referred to
as Garray interconnectsa Y ou can
purchase them already made up to
specified lengths or make them up
yourself. The cables are extremely
heavy duty and resistant to high
temperatures and ultra-violet light.
They also have a tough, extra-thick
i nsul ation to make them | ess prone
to animal damage.

If you are planning to wire your



solar array in parallel rather thanin
series, you need to ensure that your
solar array cables can cope with the
current that you are going to be
generating through your solar array.
If you are designing a parall el
design system, | explain how you
can calculate the size of cable
required in the chapter on stand-

al one system components.



Fuses and isolation

switches

The ability to isol ate parts of the
systemis important, especially
while installing the system and
carrying out maintenance. Even
comparatively low voltages can be
dangerous to work on.

Even small systems should
Incorporate a fuse between the
batteries and the controller and/or
inverter. If something goes wrong
with the system, far better to blow a
cheap fuse than fry a battery or a
solar controller.



For all but the smallest systems, you
will aso need to incorporate

| sol ation switches into your solar
design. Thiswill allow a battery
bank to be disconnected for

mai ntenance purposes. For any

i nstal lation with more than one
solar panel, and for all grid-
connected systems, an isolation
switch to disconnect the solar array
should also be installed: | would
recommend installing an isolation
switch on the solar array for all
solar arrays capabl e of generating
over 100 waitts of power.

If your solar panels are mounted



some way fromyour inverter or
controller, it can also be agood
idea to have an isolation switch
fitted next to the solar panels, as
well as one fitted next to the
inverter or controller. Y ou can then
easli |y disconnect the solar panels
fromthe rest of the system for

mai ntenance or in case of an
emergency.

Ensure that the i solation switch you
choose is capabl e of handling
high-current DC circuits, with
contacts that will not arc. Suitable

I ol ation switches are available
fromany solar supplier.



If you are planning a grid-connected
system, you will also need AC

I solation switches to allow you to
disconnect the inverter fromthe
grid supply. Youwill require an

| sol ation switch next to the inverter,
and a second one next to the
distribution panel.



Ground fault protection

Ground fault protecti on ensures that
if there is a short within the solar
array, the current flow is cut off
immediately. This averts the risk of
damage to either the controller or
the solar array, and significantly
reduces the risk of electrocution.

Ground fault protection works by
measuring the current entering and
exitingacircuit. If everythingis
working correctly, the current in
should equal the current out.
However, if thereisadeakbor a
partial short circuit, the systemwill
see adifference in current and



Immedi ately shut down. A partial
short circuit could occur if a solar
panel was broken or if somebody
touched an exposed cable.

Most solar inverters and solar
controllers incorporate ground fault
protection, using a Residual
Current Device (RCD) built into
the unit (note: RCDs are known as
Ground Fault Interruptersi GFls
I inthe United States and Canada).
Many experts say that it is prudent
to install a separate ground fault
protector, evenif the controller or
inverter has ground fault protection
builtin. As the cost of an RCD or
GFl islow and the benefits they



provide are high, thisis good
advice.

Youwill require separate ground
fault protection for your DC and AC
circuits:

1  For anything larger than
100-watt solar panel systens,
and for all systems mounted
to a building, you should
install ground fault protection
between your solar panels
and your controller or
inverter

1 IfyouareinstallingaDC
power supply into a building
for running appliances, you



must install ground fault
protection between your
controller and this power

supply
1 If youareusing aninverter,
you should install ground

fault protection between your
inverter and any load

There are specific RCD units for
DC circuits and these are stocked
by solar panel suppliers.



Components for Grid-
Tie systems

Before di scussing the components
required for agrid-tie systemin
more detail, it is useful to look at
how a grid-tie systemis configured.
There are three basic designs for
grid-tie solar energy systens.

1 Highvoltage in-series

systems

1 Low-voltage systems
1  Micro-inverter systems



High voltage in-series

Thisis the most popular
configuration for a grid-tie system
today. Solar panels are connected
together in series, producing a
high-voltage DC power. Thisis
then fed into a central inverter to
convert the power into an AC
source, whichinturnis connected
into the standard building el ectrical
system:

LH o e

Rk I

Lr

Sola: penels cormected in seics (i
et

Asimplified block



diagram showing the
basic layout of a
high voltage in-
series solar energy
system

This designis the most
cost-effective design for grid-tie
systens. Itisrelatively
straightforward to install, simple to
mai ntain, and components are
readily available. By running the
solar array at high voltage, itisaso
very efficient, with minimal losses
through the array itself and allowing
the inverter to run at avery high
level of efficiency. Thisiswhy this
designis currently so popular



within the grid-tie solar industry.

This high-voltage DC power has the
benefit of great efficiency, but
comes with a number of very
significant safety risks. Voltages as
high as 600 volts in North America
and 1,000 volts in Europe are
common: voltages that can very
easily be fatal on contact.

These high voltages can also cause
significant problems if thereis
damage to the wiring between solar
panels, either due to a mistake
during install ation, through animal
damage, or simply through wear
over time. If adamaged cable



generates a high-voltage, direct
current electric arc whil st the
panels are in direct sunlight, the
immensely high temperatures can
easily melt metal and are a potential
fire hazard.

Connecting solar panelsinseries

al so has a significant disadvantage:
when connected in series, the solar
array isonly as strong asits
weakest link. If you have a damaged
solar panel, shade blocking light to
afew solar cells, or a damaged
cable, the output of the entire solar
array drops to the output of that
weakest link.



Low voltage systems

Itisfor these reasons that, in
previous editions of this book, |
have advocated |ower-voltage sol ar
arrays for many grid-tie systems.
This was achieved by running
shorter series of solar panels and
having multiple strings running in
parallel. These are much safer than
the very high voltage systems
usually installed, lose little in
efficiency and are inherently more
tolerant of shade.




Solar parels connected in series
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Asimplified block
diagram showing the
basic layout of a
|ow-voltage solar
energy systemwhere
multiple strings of
solar panelsare
connected in parallel

This design tends to be more



expensiveto install thananin-
series design. Youwill either need
to buy a grid-tie inverter that can
accept multiple strings of solar
panels, or buy a separate inverter
for each string.

| no longer advocate this approach,
because there is now another
aternative available that, in my
opinion, renders both high-voltage
in-series and low-voltage systems
redundant:

Micro-inverter systems

Micro-inverter systems have been
around for afew years now, but
until very recently had not gained




popul arity, mainly due to their
higher cost.

However, with the huge growthin
the popul arity of grid-tie systems
around the world, micro-inverter
systems have become far more
widespread as the benefits of this
technol ogy have become more
apparent. Prices for micro-inverter
systems are dropping fast and are
now comparabl e to high-voltage in-
series systens.

Inamicro-inverter system, each
solar panel hasits owninverter,
converting its output to AC power.
In effect, each solar panel becomes



Its own independent solar energy
system.

In the maj ority of micro-inverter
systens, the inverter itself is
mounted outside, bolted to the
frame that al so holds the solar panel
inplace. The individual solar
panels are connected to an AC
power cable that runs al ongside the
solar array and then feeds directly
into the buildingés electrical
system.



Asimplified block
diagram showing the
basic layout of a
micro-inverter
system

There are some very significant
benefits of micro-inverter systems
over other forms of grid-tie
systems:



T

T

As each solar panel runs as
an independent unit, if one
panel is under-performing,
either because of damage or
simply because it is shaded, it
does not affect the output
from any of the other panels

Because there is no
high-voltage DC power
running from one panel to the
next, safety isless of anissue

Instal | ati on, fault-finding
and mai ntenance al so become
significantly easier

It is easy to expand your



grid-tie systeminthe future,
as budget allows

1 Moreflexible solar panel
installation you can have
solar panels mounted in
different locations and facing
in different directions

Whilst today, series-connected
solar systems with a central
inverter are still the standard model
for installing grid-tie systems, the
industry is moving towards micro-
inverter technology as afar better
model.



Now you have a clearer idea of
how a grid-tie systemis put
together, itistimeto look at the
components available in more
detail .



Grid-tie solar panels

In the past, when most solar energy
systems were stand-al one systents,
almost every solar panel you could
buy was rated for a 12-volt outpLt.
Whilst thisis still true for smaller
panels, there are now

hi gher-voltage configurations
available for larger solar panels.

As grid-tie systems have become
more popular, higher-voltage solar
panel s have become available.
Many solar panels of 150Wp
capacity and over arerated for a
24-volt output and some
manufacturers are now building



solar panels with rated outputs of
between 48 volts and 120 volts.

These higher voltages are well
suited to grid-tie install ations. By
running your solar array at a higher
voltage, you can keep the current
flow low, whichimproves the
efficiency of the overall system.
Using high-voltage solar panels

al so gives you the option to connect
multiple solar panelsin parallel
rather than in series, whilst

retai ning the benefit of the
high-voltage current.

The 24-volt and 48-volt solar
panel s can work with many micro-



Inverter systems, too. Theoretically,
thiswould alow amicro-inverter
systemto run more efficiently,
although in practi ce the differences
seemto be marginal.



Grid-tie inverters

Grid-tie inverters convert the DC
power fromyour solar energy
systeminto AC power, and convert
the voltage to the same as the grid.
This allows you to connect your
system into the grid, enabling you to
become amini power station and
supply your electricity to the

el ectricity companies.

Y ou cannot use an ordinary inverter
for grid-tie applications. There are
anumber of reasons for this:

1 Grid-tieinverters have to
work in conjunction with the
grid, inorder to be able to



export electricity to it. The
AC pure sine waveform
generated by the inverter has
to be perfectly coordinated
with the waveform fromthe
grid

Thereis an additional safety
feature with grid-tie inverters
to cut off power fromthe
solar array if the grid shuts
down

Grid-tieinvertersare
connected directly to the
solar panels. Inanin-series
system, this means the i nput
voltage from the panel s can



fluctuate wildly, often
jumping or dropping by
several hundred voltsinan
instant. Non grid-tie inverters
cannot cope with such

massi ve voltage jumps

1 Inmany countries, grid-tie
inverters have to be certified
for use withthe grid

There are a number of things to
consider when purchasinga grid-tie
inverter:

1 Input voltage
1 Power rating
1 Power tracking



1  How many strings the
inverter can support

9  Diagnostics and reporting
i nformation

1 Inbuilt safety systems

1 Installation options and
operati ng environment

M Certificationand local
regul ations

| nput voltage

Your choice of inverter will have a
large voltage range in order to cope
with the huge fl uctuati on of voltage

that a solar array can provide. From




this voltage range, you will be able
to identify how many solar panels
the inverter can cope with, when
connected in series.

Y ou need to remember that the rated
voltage of asolar panel is not the
maxi mum voltage that the sol ar
panel can generate. The voltage
fromasingle 12-volt solar panel
can fluctuate anywhere from 12
voltsonavery dull day, up to
around 20 voltsinintense overhead
sunlight. If you have a 48-volt solar
panel, or four 12-volt solar panels
connected together in series, the
voltage swing can be between 48
volts and 88 valts.



Inadditionto this, a solar panel can
produce significantly higher
voltagesinanopencircuiti i.e.
when the solar array is generating
power but the power is not being
used. Depending on your solar
panel, it is possible for asingle 12-
volt solar panel to generate 26 volts
In an open circuit.

As you can see fromthe table

bel ow, the higher the nominal
voltage fromyour solar array, the
greater the voltage fluctuation can
be:

Number | Nominal | Low Pea

of 12- solar |voltage | volta



volt array | ondull
solar | voltage | day
panels
1 12-volt 12 20
volts volt
2 24-volt 24 40
volts volt
4 48-volt 48 80
volts volt
6 72-volt 72 12C
volts volt
8 96-volt 96 16C
volts volt
10 120-volt | 120 20C




volts volt

15 180-volt | 180 30C
volts volt

20 240-volt | 240 40C
volts volt

25 300-volt| 300 50C
volts volt

30 360-volt| 360 60C
volts volt

35 420- 420 70C
volts volts volt

40 480- 480 80C
volts volts volt

Note: the maxi mum open-circuit



voltage allowable in the United
States for grid-tied systemsis 600
volts, whilstin Europeitis
advisabl e that your system does not
exceed 1,000 volts. Y ou must
ensure that your system never
exceeds this,

Asyou can see fromthistable, if a
heavy cloud blocks the sunonan
otherwise clear day, you can see a
voltage drop of several hundred
voltsin aninstant. When the cloud
passes over, the voltage shoots
back up again.

It isimportant to ensure that the
solar panel will work with the peak



voltage of your solar array and not
just the nominal voltage of your
array. If you exceed the peak
voltage of your inverter, the
inverter will shut downto avoid
damage. In extreme cases, you
could damage or destroy your
inverter by exceeding the input
voltage rating.

In addition to the standard i nput
voltage range, your inverter will

al so show a maximum voltage
rating. This maxi mum voltage rating
rel ates to the maxi mumopen circuit
voltage of your solar array. You
must ensure that the open circuit
voltage of your array does not



exceed the maxi mum vol tage of
your inverter.

Power rating

There are two power ratings on a
grid-tie inverter:

1 Input power ratingi the
minimum and maxi mum
amount of power the inverter
can accept fromthe solar
array

1  Output power rating1 the
maxi mum amount of power

and current the inverter can
generate as an AC output

| nput power rating



The input power rating shows the
minimum and maxi mum wattage
range the inverter can work with. In
the main, the wider the range, the
more efficient your inverter is.

The specification on aninverter
will typically show three figures for
Input power rating:

1 A nominal power rating,
shown inwatts

T A mnimumand maximum
power range
1 A start-up power rating

The nominal power rating shows
the maxi mum amount of power that



the inverter can convertinto an AC
output. If you exceed this figure on
your solar array, the additional
power will be lost and converted
into heat. Exceed thisfigure for
long and your inverter may shut
down to avoid overheating.

The minimum power rating shows
the minimum amount of power that
your solar array must generate in
order for the inverter to start
producing power. The maximum
power rating shows the maximum
amount of power that can be fed
into the inverter before you risk
damaging your inverter.



The start-up power ratingisthe

mi nimum amount of power the solar
inverter requires to power itself. If
the solar array produces less than
this amount of power, the inverter
will switch off.

Because of the wide variationinthe
power a solar panel can produce, it
IS good practice to buy a bigger
grid-tie inverter than you actually
need. Remember that whilst a solar
panel has awatt-peak (Wp) rating,
inideal conditions the panel itself
may slightly exceed thisratingina
real world environment.

Output power rating



The output power ratingis the

maxi mum conti nuous AC power that
the inverter can generate. The
output power informationwill show
voltage, nominal output power in
waltts, the maxi mum output current
in amps and the alternating current
frequency.

For North America, the grid voltage
iIsnominally set at 110 volts, witha
frequency of 60 Hz. For the

mgj ority of the rest of the world, the
grid voltage is nominally set at 230

volts, with a frequency of 50 Hz. In
both cases, it is normal to get some

variationin voltage and frequency.



The output power rating will also
show the maxi mum efficiency rating
of the inverter, givenas a
percentage. Thisratingisusually in
the region of 90i 94% with modern
grid-tieinverters. If you are
shopping on a budget, you must
check this rating: some very cheap
grid-tie inverters may be
significantly | ess efficient.

Power tracking

As discussed on previoudly, the
efficiency of the solar array
depends on how efficiently the
fluctuati ng voltage is handled by
your inverter.




If you are purchasing agrid-tie
inverter, you should invest in one
that i ncorporates maxi mum power
point tracking (MPPT). Maximum
power point tracking can provide
an additional 151 20% of energy
when compared to a non-MPPT
inverter.

Today, MPPT isthe norm, but there
are afew older designs of inverter
still on the market, often sold at
bargain prices online. No matter
how cheap these inverters are, the
performance | oss rarely makes them
aworthwhile investment.

Multiple strings




A Gstringdof solar panelsis simply
an array of solar panels connected
In series. Some inverters allow you
to connect more than one string of
solar panels. These two strings then
work as separate arrays, but feed
the power through the same
inverter.

Wé

With multiple
strings, you can mix
and match solar
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panels and locate
themin physically
separate areas if you
so wish. The two
strings run
completely
independently of
each other

With a multiple string system, your
two solar arrays work
independently from each other. This
means that you can have two
different sizes of array with
different solar panels, or have the
two arrays mounted at different
orientations. If one array is partially
shaded, the performance does not



affect the second array.

Thisis different to connecting

multi pl e strings together to create a
serial/parallel hybrid. If you have
multi pl e strings connected together,
the two strings are still linked. You
need to have identical setupson
both strings and the panel s need to
be facing the same way. Failure to
do thiswill result inlower solar
performance.
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Here we have two
strings of solar
panels, connected
together in parallel
tofeed asingle
string inverter. The
two strings have to
match each other. If
onestringis
compromised, for
instance due to
shading, the second
stringisalso
affected. (Note: you
would not normally
wire agrid-tie solar
array in thisway.



| nstead, you would
connect everything
inseriesonasingle
string.)

Multiple strings are of benefitinthe
following situations:

1 Whereyouwishto fit two
different sizes of solar panel

1  Fitting solar panels facing at
different orientations, such as
on aroof that has two
different pitches

1  Resolving shading i ssues.
Solar panels that are in shade
at certain times of the day can



be put onto a separate string
SO as not to affect the output
of the rest of the system

Whilst aninverter that can handle
multiple strings does have its
benefits, thereis usually an
additional cost for multi-string
inverters. If you are considering a
multi-string inverter, you are
probably better off choosing a
micro-inverter systemwhere every
solar panel hasitsowninverter.

Diagnostics and reporting
information

Almost all inverters provide alevel




of diagnostics and reporting
informeation, either using a small
display built into the inverter itself,
aseries of LEDs on the front panel
of the inverter, a separate
monitoring unit that plugs into the
inverter, or by allowing youto
connect a PC to the inverter.

Some inverters even have a built-in
I nternet connection, allowing them
to connect to awireless network.
This means your system can
provide you with updates via e-
mail, viaabuilt-in website, or even
send updates to your mobile phone.
In some cases, these systems can be
remotely monitored by the solar



inverter supplier, who canthen
notify you if there are any potential
I ssues with your system.

If you have a micro-inverter system
with multiple inverters, the
diagnostics and reporting systemis
usually a separate box, whichis
either connected to the AC power at
the point where the solar array
connects to your distribution panel,
or it communicates wirelessly with
the micro-inverters. This ensures
that you have one central

i nformation point for your inverters.

As abare minimum, you warnt an
inverter that cantell you if your



systemis working and provide you
with anindication of what may be
the problemif afault i s detected.
The diagnostics should be able to
give you enough information to
enabl e to you identify a fault with
your system, such as:

1 Insufficient or excess power
fromthe solar array

M  Grid connection issues

1  Grid voltage or frequency
I Ssues

1 Overheating

Most solar inverters will provide
you with much more information,



allowing you to see the voltage and
current fromyour solar array and
the amount of AC power being
generated at that moment. They will
also be able to show the amount of
energy generated by the system,
both for that day and since the
systemwas instal | ed.

Built-in safety

Most inverters incorporate safety
shutdown systems as part of the
inverter itself. It is common for
Inverters to have ground fault
protection builtin. As mentioned in
the previous chapter, evenif your
inverter does providethis, itis still




good practice to install additional
ground fault protection when you
designyour system. Thisis
incorporated into your system using
aResidual Current Device (RCD).
RCDs are known as Ground Fault
Interrupters (GFIs) inthe United
States and Canada.

A grid-tieinverter will also
monitor the power fromthe grid and
shut downif it detects a power cut
(sometimes referred to as dsland
Protectiond).

This power shutdown ensures that
your solar energy system does not
continue to feed power into the grid



If thereisapower cut. Thisisa
necessary safety requirement; if
workers are attempting to repair a
power outage, they risk
electrocution if power is being fed
into the grid fromyour solar array
while they are working.

Inverters should al so shut down or
derate if the internal temperature
gets too high, inorder to avoid
permanent damage.

| nstallation options and
operating environment

Inverters tend to be heavy units.
They need to be mounted securely




onawall or bolted to the floor.
They can generate a significant
amount of heat, especially when
running close to their rated outpui,
and require good airflow around the
units to keep them cool .

Y ou can purchase inverters for
either indoor or outdoor
installation. If you are looking at
installing an inverter outdoors,
check that the inverter is sealed
against dust and water ingress,
rated to at |east 1P64.

Overheating invertersis the number
one reason for grid-tie systems
failing. As aninverter gets hotter, it



provides less power, and if the
temperature continues to rise, it
will eventually shut down to avoid
permanent damage. \When choosing
aninverter, check its operating
temperatures and consider how you
can ensure your system remains
within these limits.

Inverters should always be installed
inawell-ventilated area, away
fromthe ceiling and witha
clearance around each side, the top
and the bottom. They cannot be
installed ina sealed cupboard.
Some inverters have the option of
an external heat sink or
temperature-controlled cooling fans



to help keep the inverter cool.

Most inverters do make a small
amount of noise. Thisistypically a
continuous low-level hum. Itis
usually only noticeable if the
surrounding areais quiet. However,
for this reason, inverters are not
usually installed inside the living
space inahome or in an office
environment. Instead, consider
installing your inverter inagarage
or on anoutside wall of your
building.

Occasionally, the sound made by
the inverter has been known to
resonate with the wall, amplifying



the sound and making it quite
unpleasant to live with. This can
occur evenif theinverter is
mounted to anoutside wall. Thisis
avery rare occurrence, but is most
likely to occur if you are planning
to mount your inverter onto awall
made of solid concrete. The
solution is to dampen the mounting
between the inverter and the wall or
floor thet the inverter is mounted

on. Thereisavery effective
product called Green Glue,
produced by the Green Glue
Comparny
(Wwww.GreenGlueCompany.com)
that is applied between the wall and



the inverter. When it is compressed
by remounting the inverter, the glue
spreads out to form a sound
isolation barrier that is particularly
effective at blocking out

| ow-resonance vibrations.

Buying from eBay

Some companies and individuals
have been selling non-approved
grid-tie inverters online, most
commonly on eBay. These are often
sold at a bargain price, bundled
with a cheap solar panel and often
advertised asaamicro grid-tie
systema

The sellers claim that these systems



are designed for amateur
installation. The inverter plugs into
the househol d el ectricity supply
through a normal domestic power
socket, and the systems |ook
exceptionally easy to install and
use. The sellers often claimthat you
can use these systems to sell power
back to the utility companies and
that they can be used to runthe
meter backwards.

These systems are highly dangerous
and must be avoided. For a start,
the equi pment has inevitably not
been certified for grid-tie useinany
country. More importantly, the use



of these systemsisillegal inthe
United States, Canada, Australia
and most of the European
Community, because of the way the
Inverters connect to the household
el ectricity supply, using a domestic
power pluginreverse.

This means that the househol d plug
has grid-level AC power running
throughit. Thisis extremely high
risk and directly contravenes basic
electrical safety legislation. Inthe
UK, for instance, thisisdirectly in
contravention with BS7671:2008
(amd 1, 2011) 551.7.2 (ii). The
catastrophic and potentially fatal
resul ts should somebody unplug the



cable and accidentally touch the
unshiel ded plug do not bear thinking
about.

Never design any electrical system
that risks grid-level AC power
running through exposed
connectors. The lives of the people
around you are worth far more than
saving a few pounds.



Components for
Stand-Alone Systems

If you are designing a stand-al one
system, there is alot more design
work and planning involved than
thereisfor asimilarly-sized grid-
tie system. It ismore critical to
make sure your stand-al one system
works: while a grid-tie systemwill
not let you downif you do not
generate enough energy, a stand-
alone systemwill.

Aswell as considering and
planning all the physical side of



fitting the solar panels, routing the
cabling and handling the safety
aspects, you will also need to
consider the voltage that your
systemwill runat and designa
battery systemto store your energy.



Calculate your optimum

voltage

Solar panels and batteries are
normally both 12 volts, so logically
you would think that it would make
the most sense to run your system at
12 volts.

For small systems, you would be
right. However, there are some
limitations of 12-volt systems.
Therefore, we now need to identify
the opti mum voltage for your
system.

If you are still not comfortable with
volts, watts, currents and



resistance, now would be a good
time to re-read Chapter 2: ABrief
Introduction to Electricity.

Voltages and currents

Current is calculated as watts
divided by volts. When you run at
low voltages, your current is much
higher than when you run at higher

voltages.

Take anormal household |ow-
energy light bulb as an example. A
12W light bulb running from
grid-level voltagesis consuming 12
watts of power per hour. The
current required to power this light
bulb at 230 voltsis 0.05 amps




(12W 6 230V = 0.05 amps) and at
110 voltsis 0.1 amps (12W 0 110v
= 0.1 amps).

If you run the same wattage light
bulb from a 12-volt battery, you are
still only consuming 12 watts of
power per hour, but this time the
current you requireis 1 amp (12W
0 12V =1 amp).

If you run the same wattage light
bulb from a 24-volt battery, you
hal ve the amps. Y ou now only
requirel amp (12W 6 24V = |
amp).

NSo what?0 | hear you say. iVWho
cares? At the end of the day, weGre



using the same amount of energy,
whatever the voltage.o

The issue is resistance. Resistance
IS the opposition to an el ectrical
current in the material the current is
running through. Think of it as
friction on the movement of
electrons through awire. If
resistance istoo high, theresult is
power |oss. By increasing your
voltage, you can reduce your
current and thereby reduce

resi stance.

Y ou can counter the resistance by
using thicker cabling, but you soon
get to the point where the size of the



cabling becomes impractical . At
this point, itistimeto change to a
higher voltage.

What voltages can | run at?

For either a stand-alone or agrid
fallback system, the most common
voltages to run a solar electric
systemat are 12 volts, 24 volts or
48 volts.

As arule, the most efficient way to
run an electrical circuit isto keep
your voltage high and your current
low. That iswhy the grid runs at
such high voltages: it isthe only
way to keep losses to a minimum
over long distances.




However, you al so need to factor
cost into the equation: 12-volt and
24-volt systems are far cheaper to
i mplement than higher voltage
systens, as the components are
more readily available, and at a
lower cost. 12-volt and 24-volt
devices and appliances are also
easily available, whereas 48-volt
devices and appliances are rarer.

It is unusual to go beyond 48 volts
for stand-al one systems. Whilst you
can go higher, inverters and
controllers that work at other
voltages tend to be extremely
expensive and only suitable for



specialist applications.

For a grid-tie system, you do have
the option to run your solar array at
amuch higher voltage, by
connecting lots of solar panels
together in series. Grid-tie inverters
are availabl e that work anywhere
from 12 volts up to 1,000 valts. In
grid-tie systems, the voltage you run
at depends on the number of solar
panel s you use.

How to work out what voltage
you should be running at

Your choice of voltageis
determined by the amount of current




(amps) that you are generating with
your solar array or by the amount of
current (amps) that youare usingin
your load at any one time.

To cope with bigger currents, you
need bigger cabling and amore
powerful solar controller. Youwill
also have greater resistance in
longer runs of cabling, reducing the
efficiency of your system, whichin
turn means you need to generate
more power.

In our system, we are proposing a
12m (40 feet) long cable run from
the solar array to the house, plus
cabling within the house.



Higher currents can al so reduce the
lifespan of your batteries. This
should be a consideration where the
current drain or charge froma

battery is likely to exceed 1/1gt of
its amp-hour rating.

We will look at battery sizing | ater
on, as current draw is afactor in
choosing the right size of battery. It
may be that you need to look at
more than one voltage option at this
stage, such as 12-volt and 24-volt,
and decide which oneisright for
you later on. Finally, if youare
planning to use aninverter to
convert your battery voltage to a



grid-level AC voltage, 12-volt
Inverters tend to have alower
power rating than 24-volt or 48-
volt inverters. This canlimit what
you can achieve purely with 12
volts.

To solve these problems, you can
Increase the voltage of your system:
doubl e the voltage and you halve
your currert.

There are no hard and fast rules on
what voltage to work on for what
current, but typically, if the
thickness of cable required to carry
your current is over 6mm (and
wed| calculate that inaminute), it



IS time to consider increasing the
voltage.



How to calcul ate your

current
As explained in Chapter 2, itis
very strai ghtforward to work out

your current. Current (amps) equals
power (watts) divided by volts:

Power 6 Volts = Current
POV =I

Go back to your power analysis and
add up the amount of power (watts)
your systemwill consume if you
switch on every electrical itemat
the same time. In the case of our
holiday home, if | had everything
switched on at the same time, |



would be consuming 169 watts of
el ectricity.

Using the holiday home as an
example, let us calculate the current
based on both 12 volts and 24 volts,
to give us a good idea of what the
different currents look like.

Using the above formula, 169 watts
divided by 12 volts equals 14.08
amps. 169 watts divided by 24
volts equals 7.04 amps.

Likewise, we need to |ook at the
solar array and work out how many
amps the array is providing to the
system. We need a 320-watt solar
array. 320 watts divided by 12



volts equals 26.67 amps. 320 waltts
divided by 24 volts equals 13.33

amps.



Calculating cable

thicknesses

| will go into more detail on cabling
|ater, but for now, we need to
ascertain the thickness of cable we
will need for our system.

For our holiday home, we need a
12m (40 feet) cable to run fromthe
solar controller to the house itself.
Inside the house, there will be
different circuits for lighting and
appliances, but the longest cable
runinside the house is a further 10m
(33 feet).

That means the longest cablerunis



22m (720 feet) long. You canwork
out the required cable size using the
following cal cul ation:

(LxIx0.04)06(V0620)=CT

L Cable
length in metres
(one metreis 3.3
feet)

I Current
inamps

Vv System
voltage (e.g. 12V
or 24V)

CT

Cross-sectional



area of the cable
in mmj
So cal cul ati ng the cabl e thickness
for a 12-volt system:

(22mx 14.08A x 0.04) 6 (12V &
20) = 20.65mm)|

Hereis the same calculation for a
24-volt system:

(22mx 7.04A x 0.04) 6 (24V 6 20)
= 5.15mm|

And just for sake of compl eteness,
here is the same calculation for a
48-volt system:

(22mx 3.52A x 0.04) 6 (48V 6 20)
= 1.63mm|



Converting wire sizes:

To convert cross-sectional areato
American Wire Gauge or to work
out the cable diameter ininches or
millimetres, use the following

table:
Cross- | American
Sectional Wire

Area Gauge | Diamete
(mm]) (AWG) (inches)

107.16 0000 0.46
84.97 000 0.4096
67.4 00 0.3648
53.46 0 0.3249




42.39 1 0.2893
33.61 2 0.2576
26.65 3 0.2294
21.14 4 0.2043
16.76 5 0.1819
13.29 6 0.162
10.55 7 0.1443
8.36 8 0.1285
6.63 9 0.1144
5.26 10 0.1019
4.17 11 0.0907
331 12 0.0808




2.63 13 0.072

2.08 14 0.0641
1.65 15 0.0571
131 16 0.0508
1.04 17 0.0453
0.82 18 0.0403
0.65 19 0.0359
0.52 20 0.032

0.41 21 0.0285
0.33 22 0.0254
0.26 23 0.0226




0.2 24 0.0201
0.16 25 0.01/9
0.13 26 0.0159

From these figures you can see the
answer straightaway. Our cable
|engths are so great that we cannot
practically run our systemat 12
volts. The nearest match for
20.65mm| cablesis 21.14mmj. This
iISAWG 4 cable, withacable
diameter of 5.19mm. Cable this size
is thick, heavy, inflexible, hard to
source and very expensive.

This means we would need to lay
extremely thick AWG 4 cables from



the solar array and around our
house to overcome the resistance.
Thiswould be expensive, inflexible
and difficult to install.

Realistically, dueto cable sizing,
we are going to need to use either
24 volts or 48 volts for our solar

el ectric system.



Mixing and matching
solar panels

When specifying your solar array,
you should keep to one type of
panel rather than mixing and
matching them. If you want a
100-watt array, for example, you
could create this with one 100-watt
solar panel, two 50-watt solar
panels or five 20-watt solar panels.

If you do wish to use different solar
panels inyour array, you can do so
by running two sets of panelsin
parallel with each other and either
connecting theminto a controller
that can handle more than one feed,



or by using more than one
controller. This can be a useful way
of creating the right wattage system,
rather than spending more money
buying bigger solar panels that
generate more power than you
actually need.

Theresultisslightly more
complicated wiring, but itis oftena
more cost-effective solution to do
this than to buy alarger capacity
solar array than you actually need.

The two diagrams below show
different ways of connecting two
solar panels of different sizesto the
same system. Both these systems



arerunning at 12 volts, using two
different sized panelsto create a
140 watt system

Conlroller

To Ditfiry Desntk

Thisfirst system uses



a single controller.
The controller has
two separ ate i nput
feeds. The two solar
panels work
independently of
each other and the
controller handles
the mismatch in
power output



Conrtallar

i
*

Tobattery bk

This second system
uses two controllers.
The second
controller isused to



provide additional
power to the
batteries for the
smaller solar panel.

These sol utions are effective if you
are planning to start small and add
to your solar energy systemwhen
needs and budget allows. It means
that you can coll ect an assortment of
solar panels over time and put them
to good use within your one solar
energy system.

If you end up with two different
makes of solar panels with identical
ratings, put them on their own
separate circuits. Solar panels from



different manufacturers are not all
identical intheir operating voltages
or performances, so putting two
different makes and models of solar
panel onthe same circuitislikely to
compromi se the performance of
both panels, evenif the
specification of the two panelsis
similar.

If you buy multiple controllers for
your solar energy system, to handle
different makes, models and sizes
of solar panel, you only need one
mai n controller to handl e the power
output from the batteries. Y our
other controllers can be much
cheaper and simpler pieces of



equi pment as they are only handling
the power feed into the batteries. If
you wish, you can even use a
simple solar regulator that simply
cuts off charging when the batteries
are full, although these are usually
not as efficient as a proper solar
inverter.

Not all solar panels are 12-volt
panels. Many solar panels are now
designed predominantly for grid-tie
installation only and are available
in many different voltage
configurations. Solar panels with
voltage ratings of up to 120 volts
are on the market, although the most



common are 12-volt, 24-volt and
48-volt.

12-volt panel s remain the most
commonly available panels and are
the most popular for stand-alone
applications. If your stand-alone
solar electric systemruns at a
voltage other than 12 volts, you can
either install multiple solar panels
inorder to boost the system voltage,
or choose higher-voltage solar
panels. For example, if you wanted
a 200-watt 24-volt solar array, you
could achieve thisinvarious ways,
including:

1 Usingtwo 12-volt, 100-wait



solar panels, connected in
series

1  Using one 24-volt, 200-watt
solar panel

When choosing a solar array, you
need to consider:

1 Thephysical size: will it fit
into the space available?

1 The support structure:
ready-made supports may
only fit certain combinations
of panels

1 How much cabling you will
need to assembl e the array



1 Thesystemvoltage: if you
are not running at 12 volts,
you will need multiple solar
panelsinorder to build the
system to the correct voltage
aswell as wattage



Batteries

There are a number of different
options when it comes to batteries,
and a number of specialist battery
suppliers who can advise you on
the best options for your solar
installation.

Lead acid batteries usually come as
either 6-volt or 12-volt batteries,
although other voltages are also
available. Batteries can be
connected together in series to
increase the voltage, or in parallel
to keep the same voltage but
Increase the capacity.

The capacity of abattery is



measured in amp-hours. The amp-
hour rating shows how many hours
the battery will take a specific
drain: for instance, a 100-amp-hour
battery has a theoretical capacity to
power a 1-amp device for 100
hours, or a 100-amp device for 1
hour.

| say theoretical, because the
reality is that lead acid batteries
provide more energy when
discharged slowly: a 100-amp-hour
battery will often provide 20i 25%
less power if discharged over a
five-hour period, compared to
discharge over a twenty-hour
period.



Secondly, alead acid battery must
not be run completely flat. A
minimum of 20% state of charge
(SOC) should be maintained ina
lead acid battery at all timesto
ensure the battery is not damaged.
For best overall battery life, you
should design your system so that
the battery charge rarely goes

bel ow 50%.

Types of batteries
There are three types of lead acid
battery:

1 AWetbbatteries require
checking and topping up with




distilled water, but perform
better and have alonger
lifespan than other batteries

1 AGM batteries require no
mai ntenance but have a
shorter overall life

1 Gel batteries are also
mai ntenance-free, do not emit
hydrogen during charging and
provide a reasonable overall
life. They can be placed on
their side or used on the move

In the past, most installers have
recommended industrial quality
avetd batteries for all solar

install ations. These provide the best



| ong-term performance and the
lowest cost. Often called traction
batteries (as they are heavy-duty
batteries used in el ectric vehicles),
they can often have alifespan of

8i 10 years for a solar installation.

A lower cost option to the
industrial-quality traction battery is
the lelsure battery, as used in
caravans and boats. These are
typically either wet batteries or
AGM batteries. Their lifespanis
considerably shorter than traction
batteries, often requiring
replacement after 3i 4 years and
significantly lessinintensive
applications.



The third optionis the gel battery.
These have the benefit of being
entirely mai ntenance-free. They are
also completely sealed and do not
emit hydrogen gas. In the past, gel
batteries have not been particularly
reliable in solar installations,
tending to require replacement after
1i 2 years. However, more recently,
smaller gel batteries have seen
significant improvementsin
lifespan and they now are
comparable to AGM batteries. The
price has also dropped
significantly.

Gel batteries are not suitable for



big solar applications with a power
drain of more than around 400 watt-
hours, but they can provide an
excellent, zero-mai ntenance
alternative to wet batteries for
smaller applications.

If your solar project requires
batteries of 50 amp-hour capacity
or less, gel batteries are avery
good alternative to traction
batteries.

Not all battery makes are the same.
From my experience, the very best
battery manufacturers for solar
energy installations are Crown and
Trojan, both of whom have



excellent batteries specifically
designed for solar installations. If
only the very best will do and you
are prepared to pay the premium,
the Optima Oyellow topbbatteries
provide the benefits of AGM
batteries ina smaller, lighter
battery with some of the best
overall performance figures of any
battery available today.

Battery configurations

Y ou can use one or more batteries
for power storage. Like solar
panels, you can wire your batteries
inparallel inorder to increase their
capacity or inseriesinorder to




Increase their voltage.

Unlike solar panels, whichyou can
mix and match to create your array,
you need to use the same
specification and size of batteriesto
make up your battery bank. Mixing
battery capacities and types will
mean that some batteries will never
get fully charged and some batteries
will get discharged more than they
should be. Asaresult, mixing
battery capacities and types can
significantly shorten the lifespan of
the entire battery bank.

Battery lifespan
Batteries do not |l ast forever, and at



some stage in the life of your solar
el ectric system, you will need to
repl ace them. Obviously, we warnt
to have a battery system that will
last as long as possible and so we
need to find out about the lifespan
of the batteries we use.

There are two ways of measuring
the lifespan of a battery, both of
which tell you something different
about the battery.

1 CyclelLifeisexpressed asa
number of cyclesto a
particular depth of discharge

1 LifeinFloat Service shows
how many years the battery



will lastif itis stored,
charged up regularly, but
never used

Cycle life

Every time you discharge and
recharge a battery, you cycle that
battery. After a number of cycles,
the chemistry in the battery will
start to break down and eventually
the battery will need replacing.

The cyclelife will show how many
cycles the batteries will last before
they need to bereplaced. Thelifeis
shown to a &epth of discharged
(DOD), and the manufacturers will
normally provide a graph or atable



showing cycle life verses the depth
of discharge.

Typical figures that you will see for
cycle life may look like this:;

CYCLE
LIFE

20%
DOD 1600
cycles

40%
DOD 1200
cycles

50%
DOD 1000
cycles



80%
DOD 350
cycles

As you can see, the battery will |ast
much longer if you keep your depth
of discharge low.

For this reason, it can often be
better to specify alarger battery, or
bank of batteries, rather than a
smaller set of batteries. Most
experts recommend that you install
enough batteries to ensure that your
system does not usually discharge
your batteries beyond 50% of their

capacity.
The second benefit of a larger bank



of batteriesis that this gives you
more flexibility with your power
usage. If you need to use more
electricity for afew days than you
originally planned for, you know
you can do this without running out
of energy.

Holdover

When consi dering batteries, you
need to consider how long you want
your systemto work while the solar
array is not providing any charge at
al. Thistime spaniscalled
holdover.

Unless you live inside the Arctic or
Antarctic Circles (both of which



provide excellent solar energy
during their respective summers,
incidentally), thereis no such thing
as a day without sun. Eveninthe
depths of winter, youwill receive
some charge fromyour solar array.

Y ou may find there are times when
the solar array does not provide all
the energy yourequire. It is
therefore important to consider how
many days holdover you want the
batteries to be able to provide
power for, should the solar array
not be generating all the energy you
need.

For most applications, afigure of



between three days and five daysis
usual ly sufficient.

In our holiday home, we are
deliberately not providing enough
solar energy for the systemto run
24/7 during the winter months.
During the winter, we want the
batteries to provide enough power
to last along weekend. The
batteries will then be recharged
when the holiday home is no longer
occupied and the solar panel can
gradual ly recharge the system.

For this purpose, | have erred on
the side of caution and suggested a
five-day holdover period for our



system.

Calculating how long a set of
batteries will last

Cal culating how long a set of
batteries will last for your
applicationis not a precise science.
It isimpossible to predict the
number of discharges, as this will
depend on the conditions the
batteries are kept in and how you
use the system over a period of
years.

Neverthel ess, you can come up with
areasonably good prediction for
how |ong the batteries should | ast.



This calculation will allow you to
identify the type and size of
batteries you should be using.

First, write down your daily energy
requirements. In the case of our
holiday home, we are looking at a
daily energy requirement of 695
watt-hours.

Then, consider the holdover. Inthis
case, we want to provide five days
of power. If we multiply 695 watt-
hours a day by 5 days, we get a
storage requirement of 3,475 watt-
hours of energy.

Batteries are rated in amp-hours
rather than watt-hours. To convert



watt-hours to amp-hours, we divide
the watt-hour figure by the battery

voltage.

If we are planning to run our system
at 12 volts, we divide 3,475 by 12
to give us 290 amp-hours at 12
volts. If we are planning to run our
system at 24 volts by wiring two
batteries in series, we divide 3,475
by 24 to give us 145 amp-hours at
24 volts.

We do not want to completely
discharge our batteries, as this will
damage them. So we need to |ook at
our cycle life to see how many
cycles we want. We then use this to



work out the capacity of the
batteries we need.

Onadaily basis during the spring,
summer and autumn, we are
expecting the solar array to
recharge the batteries fully every
single day: it is unlikely that the
batteries will be discharged by
more than 107 20%.

However, during the winter months,
we could have a situation where the
batteries get run down over a
period of several days before the
solar panels get a chance to top the
batteries back up again.

So for four months of the year, we



need to take the worst-case
scenario where the batteries may
get discharged down to 80% depth
of discharge over afive day period
and then recharged by the sol ar
array.

The batteries will allow usto do
this 350 times before they come to
the end of their useful life.

350 cycles multiplied by 5 days =
1,750 days = 58 months

As this scenario will only happen
during the four months from
November to February, these
batteries will last us for around
141 years before reaching the end



of their cyclelife.

Inreality, the Lifein Float Service
figure (i.e. the maxi mum shelf-life)
for batteriesis likely to be around
ten years, which means that, for this
application, they will fail before
they reach their cycle life.

Based on our energy requirements
of 145 amp-hours at 24 volts, and a
maxi mum di scharge of 80%, we can
cal cul ate that we need a battery
capacity of 1456 0.8 =181.25
amp-hours at 24 volts.

Second-hand batteries
Thereis a good supply of




second-hand batteries avail abl e.
These are often avail able as ex-
UPS batteries (UPS =
Uninterruptabl e Power Supplies) or
ex-€l ectric vehicle batteries.

Whilst these will not have the
lifespan of new batteries, they can
be extremely cheap to buy, often
selling at their scrap value. If you
are working to a tight budget and
your power demands are not great,
thisis avery good way to save

money.
Do not édmix and matchodifferent

makes and model s of batteries. Use
the same make and model of battery



throughout your battery bank. |
would also advise against using a
mixture of new and used batteries.
Thisis afalse economy as the life
of your new batteries may be
compromised by the older ones.

If you are considering second-hand
batteries, try and find out how many
cycles they have had and how
deeply they have been discharged.
Many UPS batteries have hardly
been cycled and have rarely been
discharged during their lives.

If buying ex-electric vehicle
batteries, remember these have had
avery hard life with heavy loads.



However, ex-€electric vehicle
batteries can continue to provide
good service for lower- demand
applications: if your total load is
|ess than 1kW, these batteries can
provide good service.

If possible, try and test second-hand
batteries before you buy them.
Ensure they are fully charged up,
and then use a battery | oad tester on
them to see how they perform.

If your second-hand batteries have
not been deep cycled many times,
the chances are they will not have a
very long charge life when you first
get them. To owvake them upg



connect a solar controller or an
inverter to themand put a
|low-power device onto the battery
to drainit to around 20% state of
charge. Then charge the battery up
again using atrickle charge and
repeat.

After three deep cycles, you will
have recovered much of the
capacity of your second-hand
batteries.

If using second-hand batteries,
expect themto provide half of their
advertised capacity. So if they are
advertised as 100-amp-hour
batteries, assume they will only



give you 50 amp-hours of use. Inthe
case of ex-electric vehicle
batteries, assume only one-third
capacity.

The chances are, they will give you
much more than this, but better to be
happy with the performance of your
second-hand batteries than to be
disappointed because they are not
as good as new ones.

Building your battery bank

Because we are running our system
at 24 volts, we will need two
12-volt batteries connected in
series to create our battery bank.




We therefore need two 12-volt
batteries of 181.25 amp-hours each
In order to create the desired
battery bank.

It is unlikely that you are going to
find a battery of exactly 181.25
amp-hours, so we need to find a
battery that is at least 181.25 amp-
hoursinsize.

When looking for batteries, you
need to consider the welight of the
batteries. A single 12-volt battery
of that size will weighintheregion
of 50kg (over 110 pounds)!

Safely moving a battery of that size
IS not easy. Y ou do not want to



injure yourself in the process. A
better solution would be to buy
multiple smaller batteries and
connect them together to provide the
required capacity.

Because batteries contain acid, they
should be installed in a battery tray,
so that any acid |eaks may be
contained. In Australia and Canada,
regul ati ons state that batteries must
be enclosed in a ventilated,

| ockable and vermin-proof
enclosure.

Asitisnot possible to buy 181.25
amp-hour batteries, | have decided
to use four 100-amp-hour 12-volt



batteries, giving me a battery bank
with atotal capacity of 200
amp-hours at 24 volts.

12-volt, 100-amp-hour batteries are
still not lightweight. They can
easily weigh 30kg (66 pounds)
each, so do not be afraid to use
more, lighter-weight batteries, if
you are at all concerned.

To build this battery bank, you can
use four 100-amp-hour, 12-volt
batteries, with two sets of batteries
connected in series, and then
connect both seriesin parallel, as
shown bel ow:
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Four 100-amp-hour
12V batteries. | have
paired up the
batteries to make
two sets of 100-amp-
hour 24V batteries,
and then connected



each pair in parallel
to provide a
200-amp-hour
capacity at 24 volts.

If | were putting together a 12-volt
battery systeminstead of a 24-volt
battery system, | could wire
together multiple 12-volt batteries
inparallel inorder to provide the
higher capacity without increasing
the voltage:
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Four 100-amp-hour
12V batteries
connected in parallel
to providea
400-amp-hour 12V
battery bank.

Battery safety
When choosi ng batteries, you need
to consider the safety aspects of
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batteries. With the exception of gel
batteries, all lead acid batteries
produce hydrogen, which needs to
be ventilated. Batteries can also be
very heavy and care is needed when
lifting or moving them. Finally, due
to the highly acidic nature of
batteries, protective clothing should
be worn whenever batteries are
being worked on, and a chemical
clean-up kit should be kept nearby.

| will go into more detail about
handling batteries during the
chapter oninstallation.



Solar controller

The solar controller 1ooks after the
batteries and stops them either

bei ng overcharged by the solar
array or over-discharged by the
devices running off the batteries.
Many solar controllers also include
an LCD status screen so you can
check the current battery charge and
see how much power the solar
array is generating.

Y our choice of solar controller will
depend on four things:

1 Systemvoltage
1  The current of the solar



array (measured in amps)

1 The maximum current of the
load (measured in amps)

1 Thelevel of detail you
require from the status
display

Some solar experts will sometimes
add afifthitemto that list: battery
type. To befair, thiswas a problem
with some ol der solar controllers,
which only worked with specific
battery types. Modern sol ar
controllers work with all types of
|lead acid battery without a
problem, although you may need to
tell your solar controller what type



of batteries you are using when you
are setting up the system.

All but the very cheapest solar
controllers provide basic
informeation on an LCD screen that
allows you to see how much power
you have generated compared to
how much energy you are using, and
can also show the current charge
stored in the battery. Some solar
controllers include more detail ed
informati on that allows you to
check on adaily basis how your
power generation and usage
compares.

Balancing the batteries




Another important function of a
solar controller is to manage the
charge in each battery and to ensure
each battery is properly charged up.

As batteries get older, the charge of
each battery will start to vary. This
means that some batteries will
charge and discharge at different
rates to others. If |eft over time, the
overall life of the batteries will
deteriorate.

Intel ligent solar controllers can
manage these variations by
balancing, or equalizing, the
batteries they are charging. On most
controllers, you need to manually



activate a balance as part of a
routi ne i nspection.

Allow for expansion

When |ooking at solar controllers, it
is worth buying one with a higher
current rating than you actually
need.

This alows you extraflexibility to
add additional loads or additional
panels to your solar array inthe
future without having the additional
expense of replacing your solar
controller.

Maximum power point
tracking




More expensive solar controllers
incorporate a technol ogy called
maxi mum power point tracking
(MPPT). An MPPT controller

adj usts the voltage being received
fromthe solar array to provide the
optimum voltage for charging the
batteries without significant | oss of
waits from the voltage conversion.

If you have an MPPT controller,
you can capture around 20% more
of the power generated by the solar
array compared to amore basic
controller.

If you have |ess than 120W of solar
panels, it canwork out cheaper to



buy extra solar panels rather than
spend the extra money on an MPPT
controller. However, prices
continue to fall and, if you have the
choice, a controller with maximum
power point trackingis a
worthwhile investment.

Ground fault protection

Many solar controllersinclude
ground fault protection. In the case
of a short fromthe solar array, a
Residual Current Device (RCD)
will cut off the current flow
between the solar array and the
controller, thereby averting the risk
of damage to either the controller or




the solar array.

In the United States and Canada,
RCDs are al'so known as Ground
Fault Interrupters (GFls).

For anything larger than 100-waitt
solar panel systems, and for all
systems mounted to a building, you
need to incorporate a separate
RCD/GFI into your systemif you do
not have ground fault protection
built into your controller.

Backup power

Some controllers have one extra
useful feature: the facility to start up
an emergency generator if the




batteries run too low and the solar
array is not providing enough
power to cope with the | oad.

This can be a useful facility for
sites where the system must not fail
at any time, or for coping with
unexpected additional |oads.

Whil st this may not seem so
environmentally friendly, many
generators are now available that
run on bio-diesel or bio-ethanol.
Alternatively, you can use an
environmentally friendly fuel cell
system instead of a generator. These
tend to run on bio-methanol or zinc
and only emit water and oxygen.



Using multiple controllers

Sometimes it is desirable to have
multiple controllers on your solar
energy system. For instance, you
may want to install solar panelsin
different locations or facingin
different directions, or you may
have mismatched solar panel s that
you want to use. If you need to have
multiple controllers, only one needs
to have the expensive features such
as battery balancing. The other
controllers can be much simpler
regul ators that simply provide an
additional charge to the batteries
and switch off when the batteries
are fully charged.







Inverters

We are not using an inverter with
our holiday home, but many solar
applications do require aninverter
to switch up the voltage to grid-
level AC current.

Aninverter for stand-alone
systems is a different piece of
equi pment to a grid-tie solar
inverter. With a grid-tie inverter,
your power is feeding into the grid
and has to work in conjunction with
the grid. The inverter connects
directly to your solar panels and
switches off when the solar panels
no longer produce enough energy.



With a stand-al one system, your
power is entirely separate fromthe
grid. The inverter connects to your
battery bank and switches off when
the battery bank is running low on
charge.

There are three things to
consider when purchasing an
inverter:

1 Battery bank voltage
1 Power rating
1 Waveform

Battery bank voltage
Different invertersrequire a



different input voltage. Smaller
inverters, providing up to 3kW of
power, are available for 12-volt
systems. Larger inverters tend to
require higher voltages.

Power rating

The power rating is the maximum
conti nuous power that the inverter
can supply to all the loads onthe
system. Y ou can calculate this by
adding up the wattages of all the
devices that are switched on at any
onetime. Itisworth adding a
margin for error to this figure.
Inverters will not run beyond their
maxi mum conti NUoUS power rating




for very long.

Most inverters have a peak power
rating as well as a continuous
power rating. This peak power
rating allows for additional |oads
for very short periods of time,
whichis useful for some electrical
equi pment that uses an additional
burst of power when first switched
on (refrigeration equi pment, for
example).

As ageneral rule of thumb, go for a
bigger power rating than you
actually need. Inverters can get very
hot when they get close to thelir
maxi mum load for long periods of



time. Many professionals
recommend that you buy aninverter
that has a conti nuous power rating
that is at |east one third higher than
you planto use.

Waveform

Waveformrelates to the quality of
the alternating current (AC) signa
that aninverter provides.

Lower-cost inverters often provide
amodified sine wave signal
(sometimes advertised as a
guasi-sine wave). More expensive
Inverters provide a pure sine wave
signal.



Modified sine wave inverters tend
to be considerably cheaper and also
tend to have a higher peak power
rating.

However, some equi pment may not
operate correctly with a modified
sine wave inverter. Some power
supplies, such as those used for

| aptop computers and portable
televisions, may not work at all,
while some music systems emit a
buzz when run fromamodified sine
wave inverter.

These faults are eliminated with a
pure sine wave inverter, which
produces AC electricity with an



Identical waveform to the standard
domestic el ectricity supply
provided by the grid.

| nstallation options and
operating environment

Small inverters with a conti nuous
power rating of less than 3kW are
lightwel ght units and are often
simply placed on a shelf or a desk.
Medium-si zed inverters tend to be
heavy units that need to be mounted
securely onawall. Larger
inverters, rated at 10kW or above,
may need to be bolted to afloor.

All inverters generate a significant




amount of heat, especially when
running close to their rated outpu,
and require good airflow around the
unit.

Most off-grid inverters are
designed to be installed inside.
Outdoor inverters are available, but
they are expensive and may be
difficult to source. If you are
looking at installing aninverter
outdoors, check that the inverter is
seal ed against dust and water
ingress, rated to at |east 1P64.

Overheating inverters is the number
one reason for any solar system
failing. As aninverter gets hotter,



they provide less power, and if the
temperature continues to rise they
will eventually shut down to avoid
permanent damage. When choosing
aninverter, check its operating
temperatures and consider how you
can ensure your system remains
within these limits.

Inverters should always be installed
inawell-ventilated area, away
fromthe ceiling and witha
clearance around each side, the top
and the bottom. They cannot be
installed ina sealed cupboard.
Some inverters have the option of
an external heat sink, or
temperature-controlled cooling fans



to help keep the inverter cool.

If your inverter is producing more
than around 500 waitts of power, it
IS likely to make avery small
amount of noise. Thisistypically a
continuous low-level hum. Thisis
usually only noticeable if the
surrounding areais quiet. However,
for this reason, inverters are not
usually installed inside the living
space inahome or in an office
environment. Instead, consider
installing your inverter in a garage,
or on anoutside wall of your
building.

Occasionally, with larger inverters,



the sound made by the inverter has
been known to resonate with the
wall, amplifying the sound and
making it quite unpleasant to live
with, evenif the inverter is mounted
to an outside wall or the wall of a
garage. Thisisavery rare
occurrence, but is most likely to
occur if you are planning to mount
your inverter onto awall made out
of solid concrete. The solutionisto
dampen the mounti ng between the
inverter and the wall or floor that
the inverter is mounted onto. There
is avery effective product called
Green Glue, produced by the Green

Glue Company



(Www..GreenGlueCompany.com)
that is applied between the wall and
the inverter. Whenit is compressed
by remounting the inverter, the glue
spreads out to form a sound
isolation barrier that is particularly
effective at blocking out

| ow-resonance vibrati ons.

Ground fault protection

Most inverters now include ground
fault protection. All inverters must
aways be grounded. If your chosen
grid-tie inverter does not
incorporate ground fault protection,
you need to incorporate this into
your system using a Residual




Current Device (RCD). RCDs are
known as Ground Fault

Interrupters (GFIs) inthe United
States and Canada.



Cables

It is easy to overlook them, but
cables have avital partto playin
ensuring a successful solar electric
system.

There are three different sets of
cabl es that you need to consider:

1 Solar array cables
1 Battery cables
1 Appliance cabling

Solar array cabling has already
been discussed. For stand-alone
systems, the battery and appliance
cabling also needs to be correctly



specified.

For all cabling, make sure that you
always use cabl e that can cope with
the maxi mum amount of current
(amps) that you are planning to
work with.

Take into account that you may wish
to expand your system at some point
in the future, and use a higher
ampere cabl e than you actually need
inorder to make future expansion as
simple as possible.

Battery cables

Battery cables are used to connect
batteries to the solar controller and



to the inverter. They are also used
to connect multiple batteries
together.

Battery interconnect cableis

avail abl e ready-made up from
battery suppliers, or you can make
them up yourself. Y ou should
always ensure that you use the
correct battery connectors to
connect a cable to a battery.

Appliance cabling

If you are using aninverter to run
your appliances at grid-level
voltage, you can use standard
domestic wiring, wired inthe same
way as youwould wire themfor




connection to domestic AC power.

If you are running cabling for
12-volt or 24-volt operation, you
canwire your devices up using the
same wiring structure as youwould
use for grid-level voltage, although
you may need to use larger cables
throughout to cope with the higher
current.

In a house, you would typically
have a number of circuits for
different el ectrical equipment: one
for downstairs lighting, one for
upstairs lighting and one or two for
appliances, depending on how many
you have. This has the benefit of



keeping each individual cable run
as short as possible, aswell as
reducing the amount of current that
each circuit needs to handle.

Aswe have already |earnt,
|low-voltage systems lose a
significant amount of power through
cabling. The reason for thisis that
the current (amps) is much higher
and the power lost through the cable
IS proportional to the square of the
current. You therefore need to keep
your cable runs as short as
possible, especially the cable runs
with the highest current throughptt.

| have already mentioned how you



can calculate suitable cable
thicknesses for your solar array
earlier inthis chapter. You use the
same cal cul ation for cal cul ating
cabl e thicknesses for appliance
cabling.



Plugs and sockets

For 12-volt or 24-volt circuits with
acurrent of |ess than 30 amps, you
can use the same standard switches
and light sockets as you do for
normal domestic power.

However, you must not use the
standard domestic plugs and
sockets for attaching |low-voltage
devices to your low-voltage circuit.
If you do, you run the risk that your
|low-Vvoltage devices could
accidentally be plugged into a
high-voltage circuit, which could
have di sastrous consequences.

Instead, you have the choice of



using non-standard plugs and
sockets or of using the same 12-volt
plugs and sockets as used in
caravans and boats.

These low-voltage sockets do not
need to have a separate earth
(ground) wire, as the negative cable
should always be earthed
(grounded) ona DC circuit system.



Appliances

So far, | have talked al ot about
12-volt appliances, but you can buy
most | ow-voltage appliances for
either 12-volt or 24-volt and alot
of them are switchabl e between 12
and 24 volts.

Compared to appliances that run
fromgrid-level voltages, you often
pay more for low-voltage
appliances. Thisis not always the
case, however, and with careful
shopping around, items like
televisions, DVD players, radios
and laptop computers need not cost
any more to buy than standard



versions.

Lighting

12-volt and 24-volt lighting i s often
chosen for off-grid solar electric
systems, due to the lower power
consumption of the lower-voltage
lighting. Y ou can buy low-voltage,
energy-saving bulbs and strip lights,
both of which provide the same
quality of light as conventional
lighting. Filament light bulbs are
also available inlow-voltage
forms, and although these are not
very energy-efficient, they do
provide an excellent quality of
light.



You can buy alot of 12-volt
lighting from ordinary hardware
stores. Many kitchen and bathroom
lights work at low voltage and will
work just as well froma 12-volt
battery supply as they will fromthe
12-volt AC transformers typically
used with this lighting. Diachronic
flood lamps, hal ogen spot lamps,
strip lamps and LED lights often run
at 12 volts, giving you an excellent
choice. Buying these froma
hardware store rather than froma
specialist solar supplier canaso
save a consi derabl e amount of

money.



Refrigeration

A good sel ection of refrigerators
and freezers are availabl e that will
run from 12-volt and 24-volt power
supplies. Some refrigerators will
run on both low-voltage DC and
grid-level AC voltage, and some
can run from a bottled gas supply as
well.

Unlike most other devices that you
will use, refrigerators need to run
al the time. This means that,
although the power consumption
can be quite low, the overall energy
consumption is comparatively high.

There are three types of



|low-voltage refrigerator available:

91  Absorption fridges are
commonly found in caravans
and can often use 12-volt,
grid-level voltage and bottled
gas to power the fridge.
These are very efficient when
powered by gas, but
efficiency when powered on
lower voltages varies
considerably for different
models

1 Peltier effect coolers are
not really fridges in their own
right; they are portable
coolers, of the type often sold



In car accessory shops and
powered by the 12-volt in-car
accessory socket. Whil st
these are cheap, most of them
are not very efficient. Avoid
usi ng these for solar
applications

Compressor fridges use the
same technol ogy as
refrigerators in the home.
They are the most efficient for
|low-voltage operation. They
are more expensive than other
types but their efficiency is
significantly better: many
models now consume less



than 5 watts of electricity per
hour

Y ou can choose to use a standard
domestic fridge for your solar

el ectric system, running at grid-
level voltages. However, they are
typically not as efficient as a good
12-volt/24-volt compressor fridge.
Domestic fridges al so tend to have
avery high starting current, which
can cause problems withinverters.

A number of manufacturers now
produce refrigerators that are
specifically designed to work with
solar power. Companies such as
Waeco, Sundanzer and Shoreline



produce a range of refrigerators and
freezers suitable for home, medical
and business use.

If you wish to use a standard
domestic fridge, speak to the
supplier of your inverter to make
sure the inverter is suitable. Many
refrigerators have a very high start-
up current and you may need to buy
alarger inverter that can handle this
sudden demand.

Microwave ovens

Standard domestic microwave
ovens consume a lot more power
than their rated power: their rated
power is output power, not i npLx.




Youwill find the input power on
the power label on the back of the
unit, or you will be able to measure
it using awatt meter.

Typically, the input power for a
microwave ovenis 50% higher than
its rated power.

Low-voltage microwave ovens are
available, often sold for usein
caravans and recreational vehicles
(RVs). They tend to be slightly
smaller than normal domestic
microwaves and have alower
power rating, so cooking times will
increase, but they are much more
energy-efficien.



Televisions, DVDs, computer
games consoles and music

Flat screen LCD televisions and
DVD players designed for 12-volt
or 24-volt operation are available
from boating, camping and |eisure
shops. These tend to be quite
expensive, often costing as much as
50% more than equival ent domestic
televisions and DVD players.

However, many domestic LCD

tel evisions (with screens up to 24-
inch) and DVD players often have
external power supplies and many
of themare rated for a 12-volt
input. Some investi gations at your



local electrical storewill allow
you to identify suitable models.

If you want to use one of these, itis
worth buying a 12-volt power
regulator to connect between the
tel evision and your battery. Battery
voltages can vary between 11.6
volts and 13.6 volts, whichisfine
for most equi pment designed for
12-volt electrics, but could damage
more sensitive equi pment. Power
regul ators fix the voltage at exactly
12 volts, ensuring that this

equi pment cannot be damaged by
small fluctuations in voltage.

Many power regulators will also



allow youto run 12-volt devices
froma 24-volt circuit, and are much
more efficient than more traditional
transformers.

Power regulators also allow you to
switch from one voltage to other
low voltages, if required. For
exampl e, the Sony PlayStation 3
games consol e uses 8.5 volts, and
with a suitable power regulator you
can power one very effectively
from 12-volt batteries.

Power regulators can step up
voltages as well as step down. A
suitable power regulator can switch
the voltage from a solar battery



bank to an output voltage of
between 1i  volts and 40 volts,
depending on the specification of
the regul ator.

This means that many normal
household items with external
power supplies, such as smaller
televisions, |aptop computers, DVD
players, music systems and
computer games, to name but a few,
can be connected directly to your
solar power system.

Music systems

Like televisions and DVD players,
many music systems have an
external power supply, and a power




regulator can be used in place of the
external power supply to power a
musi ¢ system.

Alternatively, you can build your
own built-in music systemusing in
car components. This can be very
effective, both in terms of sound
quality and price, with the added
benefit that you can hide the
speakersinthe ceiling.

Using a music systemwith an
inverter which has a modified sine
wave can be problematic. Music
systems designed to run at grid-
level voltages expect to work ona
pure sine wave system and may



buzz or humif used with a modified
sine wave inverter.

Dishwashers, washing
machines and tumble dryers
Dishwashers, washing machines
and tumbl e dryers tend to be very
power hungry.

There are small washing machines,
twin tubs and cool-air dryers
available that run on low voltage,
but these are really only suitable for
small amounts of washing. They
may be fineinaholiday home or in
asmall house for one person, but
are not suitable for the weekly



washing for afamily of four.

If you need to run awashing
machine froma solar electric
system, you are going to need an
inverter to runit. The amount of
energy that washing machines
consume really does vary fromone
model to the next. An
energy-efficient model may only use
1,100 watts, whereas an older
model may use almost three times
this amount.

The same is true for dishwashers.
Energy-efficient models may only
use 500 watts, whereas ol der

model s may use nearer 2,500 watts.



If you need to run a dishwasher, you
will need to use aninverter.

Tumble dryers are hugely energy

i nefficient and should be avoided if
at al possible. Most of them use
between 2,000 and 3,000 watts of
electricity and run for at |east one
hour per drying cycle.

There are various alternatives to
tumbl e dryers. These range fromthe
traditional clothesline or clothes
airer to the more high-tech low-
energy convection heating dryers
that can dry your clothes in around
half an hour with minimal amounts
of power.



If you really must have atumble
dryer, you may wish to consider a
bottled gas powered tumble dryer.
These are more energy-efficient
than el ectric tumble dryers and will
not put such a strain on your solar
€l ectric system.

Air_conditioning systems

Over the past couple of years, a
number of manufacturers have been
launching solar powered air
conditioning and air cooling
systems.

Air conditioning has traditional ly
been very power hungry. For this
reason, solar powered air




conditioning has been unaffordabl e,
as alarge solar array has been
required simply to run the
COMPressors.

In response, manufacturers have
devel oped more efficient air
conditioning systems, designed to
run froma DC power source.

Companies such as Austin Sol ar,
Solar AC, Securus, Sunsource,
Sedna Aire, Hitachi and LG have
all announced air conditioning units
designed to work with solar energy.

Other manufacturers have
devel oped evaporative air coolers
that use a fraction of the power of



anair conditioning unit. Whilst
these air coolers do not provide the
anstant chill6factor of afull air
conditioning system, by running
constantly when the sunis shining,
they can provide a very comfortable
living and working environment at a
fraction of the cost of full air
conditioning.



Reputabl e brand names

Most solar manufacturers are not
household names, and as suchitis
difficult for someone outside the
industry to know which brands have
the best reputation.

Of course, thisis asubjective list
and simply because a manufacturer
does not appear onthislist, it does
not mean the brand or the product is
not good.

Solar panel manufacturers and
brands

Atlantis Energy, BP Sol ar,
Canadian Solar, Clear Skies, EPV,




Evergreen, Conergy, G.E. Electric,
Hitachi, ICP, Kaneka, Kyocera,
Mitsubishi, Power Up, REC Solar,
Sanyo, Sharp, Solar World,
Spectrolab, Suntech, Uni-solar.

Solar controller and inverter
manufacturers and brands
Apollo Solar, Blue Sky, Enphase,
Ever Solar, Exeltech, Fronius,
Kaco, Magnum, Mastervolt,
Morningstar, Outback, PowerFilm,
PV Powered, SMA, Solectria,
Sterling, Steca, SunnyBoy, Xantrex.

Battery manufacturers and
brands




East Penn, Chloride, Crown,
EnerSys, Exide, Giarnt,
GreenPower, Hawker, ManBaitt,
Newmax, Odyssey, Optima,
Panasonic, PowerKing, Tanya,
Trojan, US Battery, Y uasa.



Shopping list for the
holiday home

Because our solar electric systemis
being installed inthe garden, 10
metres (33 feet) away fromthe
house, we have worked out that we
need to run our systemat 24 volts
rather than 12 volts, due to the high
levels of losses in the system.

| have already calculated that | need
320 waitts of power from my solar
array at 24 volts. To achieverthis, |
will need to connect 12-volt solar
panels in series to make a 24-volt
system.



There are various different options
avallable to make a 320-watt, 24-
volt solar array. After checking
with a number of suppliers, | have
come up with the following options:

1 Buytwo 160-watt panels
for atotal of 320 waitts of
power i total cost A499
($768 US)

1  Buy four 80-watt panels for
atotal of 320 watts of power
i total cost Ad34 ($668 US)

1 Buy eight 40-watt panels for
atotal of 320 waitts of power
i total cost A640 ($985 US)



1 Buy six 60-watt panels for a
total of 360 watts of power) T
total cost A580 ($893 US)

It isreally worth shopping around
and finding the best price. Prices
can vary drametically from one
supplier to another and | have seen
many cases where one supplier is
selling a solar panel for over twice
the priceitis available from
elsewhere.

Depending on what configuration |
buy (and where | buy it), solar
panel prices for the different
combi nations vary between Ad34
($668 US) and A640 ($985).



Based on price and convenience, |
have decided to go for the cheapest
option and buy four Clear Skies 80-
waitt polycrystalline solar panels.

Because | amrunning at 24 volts
and at arelatively low current, |
have a good choice of solar
controllers without spending a
fortune. | decided to buy a Steca
MPPT controller, which
incorporates a built-in LCD display
so | can see how much charge my
batteries have at any one time. The
cost of this controller is A225
($350).



R

This drawing shows
how | intend to wire
up my solar array. |
will pair two sets of
panels together in
seriesto bring the
voltage up from 12
volts per panel to 24
volts per pair. | then
connect the pairs



together in parallel
to maintain the 24
volts but to increase
the power of the
systemto a total of
320 watts

| calculated that | needed 181Ah of
24-volt battery storage. | have
decided to go for four Trojan 12V,
105Ah batteries, which | will
connect together in pairs to provide
me 210 Ah of power at 24 volts.
The cost of these batteriesis A560
($860).



or 0 o | @

This drawing shows
how | intend towire
up My batteries. |
will pair two sets of
batteries together in
seriesto bring the
voltage up to 24
volts per pair. | then
connect the pairs
together in parallel
to maintain the 24



volts but to increase

My storage capacity

to 210 amp-hours at
24 volts

My Steca controller incorporates
Ground Fault Protection, but | have
decided to install a separate RCD
(GFI) unitaswell. Itisa delt and
bracesd approach, but RCDs are
extremely cheap and | fedl itis
worth the extra money. | still need a
way of isolating the solar array
manually. | choose to install three
DC isolation switches: one between
my controller and the solar array,
one between my solar controller
and my batteries and one between



my controller and my distribution
box. This allows me to isol ate each
part of my system separately, for
mai ntenance or in case of an
emergency.

For lighting, | have decided on
24-volt energy saving compact
fluorescent light bulbs for inside
use and a 24-volt hal ogen bul khead
light for an outdoor light. The
energy saving compact fluorescent
light bulbs look identical to grid-
powered energy saving light bulbs
and provide the same level of
lighting as their grid-powered
equivalents. Bulbs cost around



A8/$13 each and | can use the same
light switches and fittings as |
would for lights powered by the
grid.

| have decided to use a Shoreline
RR14 battery-powered fridge,
which can run on either 12-volt or
24-volt power supplies. Thishasa
claimed average power
consumption of 6 watts per hour
and costs A380 ($610).

For television, | have chosen a
Meos 19-inch flat screen TV with
built-in DVD player. The Meos TV
can run on 12-volt or 24-volt power
and has an average power



consumption of 45 watts. Thisis
dlightly higher than | was originally
planning for (I was planning to buy
amodel with a40 watt power
consumption), but not by enough to
be of any great concern.

At this stage, | now know the main
components | am going to be using
for my holiday home. | have not
gone into all the details, such as
cables and configuration. We need
to compl ete that as we plan the
detailed design for our solar energy
system.



In conclusion

1 When choosing solar
panels, buy from areputable
manufacturer. The
performance of the
high-quality panels,
especially inovercast
conditions, is often better than
the cheaper panels, and the
improved build quality
should ensure alonger life

1 Lead acid batteries come in
various types and sizes. You
can cal cul ate the optimum
size of battery based on cycle
life when operating on your



system

The voltage you run your
systemat will depend onthe
size of current you want to
run through it. High-current
systems are | ess efficient than
low-current systems, and
low- current inverters and
controllers are inevitably
cheaper

Allow for future expansion
inyour system by buying a
bigger controller and inverter
than you currently need,
unless you are absol utely
certain your requirements are



not going to change inthe
future

Many appliances and
devices are available in
|low-voltage versions as well
as grid-level voltage
versions. Generally, the
|ow-voltage versions tend to
be more efficient

Whenwiringin 12-volt or
24-volt sockets, do not use
standard domestic power
sockets. If you do, you are
running the risk of
|low-voltage devices being

plugged into grid-level



voltage sockets, which could
have di sastrous consequences



Planning, regulations
and approvals

Depending on where you live
around the world, there are
different planning requirements,
regul ations and approval's needed
for installing a solar energy system.
Some countries have little or no
regul ation in place; other countries
have extremely tight regulations. In
some countries, the regul ations
change from one region to another.

Consequently, itisimpossible to
provide every bit of relevant



informeation here. Instead, we
provide much of this information on
www.Sol ar El ectricityHandbook.cor
Youwill also be able to find

i nformeation from your local
planning authority and electricity
providers.

Wherever you live around the
world, there is a simple mantra for
dealing with authority whenit
comes to building and el ectrical
regulations and approvals: if in
doubt, ask. Ignorance is never an
excuse.

In the case of a solar installation,
the peopl e you need to speak to are



your local planning office, your
buildings insurance provider and, if
you are building a grid-tie system,
your local electricity company. Not
only will they be able to help
ensure you do not fall foul of any
regul ation; you will oftenfind they
are a helpful and useful source of
information intheir own right.



Nationa and
International standards

for solar components

In the United States, Canada,
Australia and across Europe, solar
panels and inverters must comply
with specific standards in order to
be used inagrid-tie system. The
units are tested to ensure that they
conformto these standards before
they are allowed on sale.

Across Europe, solar panels have
to be certified to IEC safety
standard IEC 61730 and
performance standards IEC 61215



or IEC 61646. Solar grid-tie
inverters have to conformto IEC
62109. Some European countries
have additional certification. In
Germany, grid-tie inverters must
have a VDE126 certification, whilst
in the United Kingdom, grid tie
inverters that produce fewer than 16
amps of peak power (3.6kW) must
have G83/1 certification, and larger
inverters require the much more
complicated G59/1 certification.
Also inthe United Kingdom, solar
panels and inverters have to be
certified by the Micro generation
Certificate Scheme (MCS) in order
to be eligible for feed-in tariffs and



other financial incentives.

In the United States, solar panels,
solar cables and inverters have to
have UL certification. Solar panels
must conformto the UL 1703
standard. Grid-tie inverters must
conformto UL 1741 and solar
cabling must conformto UL 4703 or
UL 854 (USE-2). If you are using
batteries in your design, the
batteries must conformto either UL
1989, UL 2054, UL-SU 2580 or
UL-SU 1973.

In Canada, solar panels must
conformto safety standard
ULC/ORD-C1703-1 and design



standards CAN/CSA C61215-08 or
CAN/CSA C61646-2, whilst grid-
tie inverters must conformto CSA
C22.2 No. 107.1. Batteries must
conformto CAN/CSA F382-M89
(R2004).

In Australia, solar panels must
conformto AS/NZS5033, whilst
grid-tie inverters must conformto
ASATT7. If youare planning a
stand-al one systemin a building,
your system must al so conformto
ASA5009. If you are planning a
mobile system, for instanceina
caravan or recreational vehicle,
your system must conformto
AS3001.



It isworth noting that, in all of these
regions, no differentiationis made
between grid-tie solar and stand-
alone systems for component
selection. If you are building a solar
energy systemthat is to be fitted to
a building, your system must use
certified components in order to
comply with building and electrical
safety regul ations in these regions.

If you use non-approved equi pment
inagrid-tie systeminthese
countries, you will not be allowed
to connect your systemto the grid.
Youareasolikelytobein
contravention of building



regul ations and may invalidate your
buildings insurance.



Installation regulations

In many countries, including the
United States, Canada, Australia,
New Zealand and throughout most
of the European Union, you cannot
work on building electrics unless
you are aqualified electrician.
Some countries allow you to work
on electrics, but your work hasto
be checked and certified by a
gualified el ectrician before
commissioning.

In the main, low-voltage DC
circuits are excluded fromthis
legislation, but it isworth ensuring
that thisis the case in your region.



In many countries, there are
additional qualifications for
electricians that allow themto
install and certify solar energy
systems. In most countries, it is not
yet alegal requirement to have
additional training in order to
install photovoltaic systens.

However, if you wishto get access
to government subsidies, feed-in
tariffs or renewabl e energy
certificates, youwill almost
certainly need to have your system
installed, or at least checked, tested
and certified, by qualified solar
installation specialists. Thisis
certainly the case in the United



Kingdomand Australia. Inthe
United States, subsidies vary from
state to state, and often from county
to county.



Getting your eectricity

supplier involved

If you are planning a grid-tie
system, it is worth getting your

el ectricity supplier involved inyour
project earlier rather than | ater.
Sometimes they have their own
requirements or lists of approved
equi pment. They often have
specialists you can speak to, who
can give you extra advice and
support.

In most parts of the world, your

el ectricity company will usually
need to be involved while your
systemis being installed, replacing



your current electricity meter witha
specific import/export meter and
carrying out the final inspection
before approving your system.

Some el ectricity companies will
only accept feed-in connections
from professional solar PV
installers. Almost all electricity
providersinsist that the installation
Is inspected and signed off, either
by a certified solar installer or by
one of their own inspectors, before
they will accept your connection
onto the grid.



Solar grants and sdlling

your power

Around the world, governments are
encouraging the take-up of solar
energy. Financial assistance comes
through various different schemes,
and researching what is available
can be confusing and

ti me-consuming.

The different types of schemes that
are offered in different places are
described in more detail below.
The specific schemes for grants and
the amount of money you can
receive for installing solar power
and selling your electricity vary



from country to country, and often
from county to county. Many
countries are currently reviewing
their schemes, which means that
informeation that is current one
month will be out of date the next.

The Solar Electricity Handbook
website has informati on on specific
financial incentive schemes for
various countries, as this can be
kept more up-to-date than the book.

General information about
grants, tax credits and feed-in
tariffs

Whilst some schemes are flexible




over who is allowed to install your
solar energy system, most schemes
work inconjunction witha
governing body that insists that your
systemisinstalled by one of their
members.

In some cases, individuals have
been abl e to get their system signed
off by a solar energy company in
order to claimthe financial
Incentives. However, thisis often at
the discretion of the solar installers,
and many will refuse outright.

Ingeneral, financial incentives are
being offered through four different
mechani Sms:



1 Feed-intariffs
1 Taxcredits

1 Renewable Energy
Certificates (RECs)

 Remoteinstallation
allowances

Feed-in tariffs

If you have a grid-tie solar energy
system, you can often sell your
power back to the electricity
companies. Thisis done through a
feed-intariff, where the electricity
providers agree to buy your surplus
power at an agreed rate.



In some countries, feed-in tariffs
are set by the el ectricity companies
and can vary throughout the day,
depending on supply and demand.

In other countries, feed-intariffs are
fixed by the government, oftenat a
premiumrate in order to
compensate solar owners for the
up-front cost of installing their
systems.

In many cases, the government
guarantees the val ue of feed-in
tariffs for a minimum number of
years, thereby guaranteei ng that
owners make areturn on their
Investments. A common theme with



governmentsisto set avery high
value for feed-intariffsinitially and
then to reduce the feed-in tariff
values for new customers
significantly after two years. This
has happened in Spain, Portugal,
Germany, Hong Kong and now the
United Kingdom. The messageis
this: if you are offered guaranteed
|long-term feed-in tariffs at avery
good and guaranteed rate of return,
take up the offer: the schemeis
unlikely to remain available for
more than two years.

Tax credits
A second option for compensating



solar energy ownersis atax credit
scheme where all or part of the
install ation cost of a solar energy
system may be offset against tax. In
some countries, these schemes are
only available to businesses; in
others they are available to
individuals as well.

With atax credit, you pay for the
installation up front, but then
receive part or al of the money
back through tax credits over one,
two or three years.

The United States of America are
currently offering tax credits for
peopleinstalling solar energy



systems through the Federal Tax
Credits for Consumer Energy
Efficiency scheme. There are
additional tax credits availablein
some states and counties.

Renewable Energy Certificates
(RECs)

Renewabl e Energy Certificates are
tradabl e certificates that prove that
a certain amount of energy was
generated from renewabl e sources.
These certificates can be bought
and sold on the open market.
Whoever owns the certificate can
claimto have bought el ectricity
froma renewabl e resource.



There are two markets for buying
renewabl e energy certificates:

1  Thevoluntary sector 1
where individual s and
companies elect to buy green
electricity and pay a premum
to do so

1 Theelectricity providers
themselves, who are
mandated by governments to
provide a certain percentage
of their electricity fromgreen
SOUrces

In some countries, individuals and
small businesses who install solar
energy systems are eligible to



receive renewabl e energy
certificates for the energy they
produce. In many cases, renewable
energy certificates are available for
both grid-tie and stand-alone
systems.

In some countries, governments
have encouraged the take-up of
small-scale solar by providing a
multiplier for small solar
generators. Under these schemes,
solar energy owners can receive
two, three or even five times the
number of renewabl e energy
certificates for the energy they
produce, ensuring that owners can
earn money fromtheir small-scale



solar energy systems.

Renewabl e energy certificates are
also known as Green Tagsinthe
United States and Tradable
Renewabl e Certificates (TRCs) in
South Africaand New Zealand.

Remote installation allowances

Remote install ation allowances are
offered inafew countries. They
tend to be available for individuals
and businesses with premisesin
remote areas, where the cost of
connecting these buildings to the
gridisvery high.

By their very nature, these systems



are stand-alone, off-grid
applications. A good example of the
sort of scheme on offer isthe
Australian model that provides
credits for peopleinstalling solar
where the cost of connecting their
premisesto the grid is greater than
AUS $30,000, or the distance
between the premises and the grid
IS greater than 1 km.

How much money is available, and
how itispaid, varies fromone
scheme to another. In Australia, the
remote install ation allowance is
offered by multiplying the number
of renewabl e energy certificates
that owners can receive for their



system.



In conclusion

1 Therearedifferent rules
and regul ations for installing
solar power depending on
where you live

1 Youhave to comply with
the building regul ations and
el ectrical regulations that are
inforce inyour region

1  Youwill beableto find
help by talking to your local
planning office and your
electricity provider. You will
also need to talk to your
bui | di ng i nsurance company



1 There are many national and
International standards for
solar energy systems,
covering both the actual
physical hardware and how it
isinstalled

1 Inmany places around the
world there are financial
Incentives available for solar
energy providers. These
schemes vary, but tend to fall
into four camps: feed-in
tariffs, tax credits, renewable
energy certificates and remote
install ation all owances

T What incentives are



available, and their val ue,
changes regularly. Check the
website for up-to-date

i nformeation



Detailed Design

By now, you know what
components you are going to use for
your solar project. The next step is
to work on your detailed design:
effectively, a picture of what you
want to build. Evenfor simple
projects, it makes sense to draw up
a diagram before install ation.

The benefits of drawingawiring
diagram are numerous:

91 It ensures that nothing has
been overl ooked

1 Itwill assistinthe cable



Sizing process

1 It helps ensure nothing gets
forgotten in the install ation
(especially wherethereisa
group of people working
together on site)

1 Itprovides useful
documentation for
mai ntai ni ng the systemin the
future

The wiring diagramwill be
different for each installation and
will vary depending on what
components are used. Read the
product documentati on for each
component for information on how



It must be wired.

If you have not yet chosen your
exact components at this stage,
draw agenera diagram but make
sure that you flesh this out into a
detailed document before the

I nstall ation goes ahead.
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Asamplewiring
diagramfor a simple
stand-alone lighting

system

When drawing up your wiring
diagrams, youwill need to
remember the following:



Sefety isdesigned in

It is easy to forget that solar energy
can be dangerous. We are working
with electricity and whilst any
individual component may only be
|low-voltage, some of the currents
involved can be quite significart.
Furthermore, connecting multiple
solar panels or batteries together in
series canvery quickly create a
high voltage. It is therefore

i mportant that safety be takeninto
account during the detailed design
phase of the project, aswell as
during install ation.

When designing the system, ask



yourself this question:

fnWhatés the wor st that can
happen?0

Solar energy systems are relatively
straightforward and the design of
al the components you will use
will keep risks to an absol ute
minimum. Nevertheless, there are
potential risks. If you are aware of
these risks, you can take steps to
eradicate themin your design.

What is the worst that can
happen with a solar
installation?

With solar energy, we will be




workinginafew risk areas. DC

el ectrics fromthe solar array, high
currents from batteries, AC
electricsif you are using an
inverter, and high temperatures
fromthe solar panel s themsel ves.

Each of these risk areas can pose
problems, bothinisolation and
when combined. It isworth
considering these risks to ensure
that you can design out as many of
them as possible.

Grounding your electrics
Except for avery small system,
suchasrigging up alight in ashed,
asolar energy systemshould




aways be earthed (grounded). This
means running awire froma
negative terminal to an earthing rod
(knownasagrounding rod in
North America) that is rammed into
the ground.

Anearthing rod (grounding rod) is a
1m (3 foot) long metal pole,
typically made of copper. They are
avallable fromall electrical
wholesalers and buildersd
merchants.

Connections to a ground prevent
build-up of static electricity and can
hel p prevent contact with high

voltagesif the circuit gets damaged.



If you are connecting a solar array
to ahome, you should always
include a ground connection from
the solar array itself. Whilstitis
optional inother cases, itisaways
a good ideato include a ground
fromasolar array, where the array
IS capabl e of generating more than
200 waitts. Y ou must also earth the
battery bank, as they are capabl e of
delivering very high currents.

If you are using both AC electrics
and DC electrics inyour system,
you must always have a separate
ground for each system.

Grounding a system where you



cannot connect to the ground

There may be instances where you
are building a systemwhere no
connectionto theground is
possible. For instance, a portable
solar charging unit that can be
carried anywhere, or a solar
powered boat.

Typically, these designs are very
small, using only DC electrics and
running only afew amps of current.
If your solar array is less than 100
watts, your systemruns at 12 volts
and you are drawing less than 10
amps of current, you are unlikely to
need a common earth for all your



components.

For larger systems, a ground plane
Is often used. A ground planeisa
hi gh-capacity cable connected to
the negative pole on the battery, to
which every other component
requiringaground is also
connected. A thick, heavy-duty
battery interconnection cableis
often used as a ground plane cable,
with thinner wires connecting to
this ground plane cable fromevery
other component requiring an earth.

As an alternative to a high-capacity
cable, depending onwhat you are
installing your solar system on, you



can use ametal frame as the
common ground for your system. In
standard car electrics, for example,
the ground plane is the car body
itself.

DC Electrics

Direct current electricity typically
runs at relatively low voltages: we
are all familiar with AA batteries
and low-voltage transformers used
for charging up devices such as
mobile phones. We know that if we
touch the positive and negative
nodes on an AA battery we are not
going to el ectrocute oursel ves.

However, direct current electricity



can be extremely dangerous, even at
comparatively low voltages.
Around the world, a small number
of people are killed every year by
licking 9-volt batteries, because of
the electric jolt they receive. Scale
that up to anindustrial grade heavy-
duty 12-volt traction battery,

capabl e of delivering over 1,000
amps of current, or asolar array
capabl e of producing hundreds of
volts onanopencircuit, and itis
easy to see that thereisareal risk
involved with DC electrics.

If you are el ectrocuted with AC
power, the alternating current



means that whil st the shock can be
fatal, the most likely outcome is that
you will be thrown back and | et go.
If you are el ectrocuted with DC
power, there is a constant charge
running through you. This means
you cannot let go. If you are

el ectrocuted with very high current
DC, theinjury ismore likely to be
fatal than a similar shock with AC
power.

Because of the low current froma
single solar panel, you are unlikely
to notice any jolt if you short-circuit
the panel and your fingers get in the
way. However, wire up multiple
solar panels together and itisa



different story. Four solar panels
connected in series produce a
nominal 48 volts. The peak voltage
is nearer 80i 100 volts. At this
level, a shock could prove fatal for
ayoung child or an elderly person.

The current thinking with grid-tie
solar systemsis to connect many
solar panels together in series,
creating a very high-voltage DC
circuit. Whilst there are some
(small) efficiency benefits of
running the system at very high
voltage, there are risks as well,
both during the installation and the
ongoi ng mai ntenance of the system.



There are issues with the 12-volt
batteries too. Industrial grade,
heavy-duty batteries can easily
deliver acharge of 1,000 amps for
a short period. Short out a battery
with a spanner and it will be red
hot in just afew seconds. In fact,
the current delivery isso great itis
possible to weld metal using a
single 12-volt battery.

The bigrisk with DC electricsis

el ectrocuting yourself (or somebody
else) or causing a short circuit,
whichinturn could cause afire.
Solar panels generate electricity all
the time, often including a small



current at night, and cannot simply
be switched off. Therefore, there
need to be manual DC circuit
breakers (also called isolation
switches) to isolate the solar panels
fromthe rest of the circuit, plus a
good ground and a ground fault
protecti on system to automeatically
switch off the system should a short
circuit occur.

If your systemis running at a high
voltage, you may want to consider
multiple DC circuit breakers/

| sol ati on switches between
individual solar panels. This means
that, as well as shutting off the
overall circuit, you can reduce the



voltage of the solar array downto
that of a single panel or asmall
group of panels. This can be of
benefit when mai ntai ning the solar
array, or inthe case of an
emergency.

A short circuitinasolar array can
happen for many reasons.
Sometimes it is because of a
mistake during installation, but it
can also occur as aresult of general
wear and tear (especially with
installations where the tilt of the
solar panelsis adjusted regularly)
or asaresult of animal damage
such as bird mess corroding cables



or junction boxes, or afox chewing
through a cable.

Short circuits can also occur where
you are usi ng unsuitabl e cabling.
Solar interconnection cablingis
resistant to UV rays and high
temperatures, and the shieldingis
usually reinforced to reduce the risk
of animal damage. Always use
solar interconnection cabling for
wiring your array and for the
cabling between the array and your
solar controller or inverter.

When a short circuit does occur,
there i s often not a compl ete | oss of
power. Instead, power generation



drops as resistance builds up. There
is abuild-up of heat at the point of
failure. If you have a ground fault
protection system such as an RCD
or GFI in place, the system should
switch itself off automatically at
this point, before any further
damage is caused.

If you do not have a ground fault
protection systemin place, the heat
build-up can become quite intense,
In some cases as high as several
hundred degrees. There have been
documented instances where this
heat build-up has started afire.

If afire does break out, you need to



be able to isolate the system as
quickly as possible. Because a
solar array cannot be switched off
(it always generates power
whenever thereis light) there have
been cases where the fire brigade
have not been able to put out afire
generated by afault ina solar array
because there has been no way of
switching it off. Isolating the solar
array quickly, usinga DC circuit
breaker, resolves this problem.

However, remember that, evenif
you isol ate the solar array, you are
still generating power withinthe
solar array. If you have many solar
panels, the voltage and the current



canstill be quite considerable. The
ability to shut downthe array by
fitting DC circuit breakers within
the array can significantly reduce
this power, rendering the system far
safer if there is an emergency.

AC electrics

AC electrical safety isthe same as

household electrical safety. Itis

hi gh+voltage and in many countries

you are not allowed to work with it
unless you are suitably qualified.

Youwill needto install two AC
I sol ati on switches: one switch
between the inverter and the




distribution panel to isol ate the
solar system compl etely, and one
switch between your grid-feed and
your distribution panel to isolate
your systemfromthe grid if you are
running a grid-tie system.

If you are planning agrid-tie
installation, you will need to speak
with your electricity supplier, as
there will often be additional
requirements that you will need to
incorporate. Your inverter will
need to be a specific grid-tie system
that switches off inthe case of a
grid power cut. This ensures that
power is not fed back into the grid
fromyour solar systemin the case



of apower failure, which could
otherwise prove fatal for an
engineer working on restoring
power.

High temperatures

We have already touched on the
risk of high temperatures with a
solar array. Solar panels are black
and face the sun: they can therefore
get very hot onawarmday. It may
not be hot enough to fry an egg, but
in many climates it can certainly be
hot enough to burn skin.

So make sure your solar array is
installed in a place where it cannot



be touched by curious children. If
the solar panels are close to the
ground, make sure there is some
protection to keep people away
fromit.

The high temperatures become more
of aproblemif thereis afault
withinthe solar array or with the
wires running between solar panels.
If a cable or asolar panel becomes
damaged, there can be significant
heat build-up. As already
mentioned, this heat build-up can
lead to afire.

A residual current device (RCD),
otherwise known as a ground fault



interrupter (GFI) should avert this
problem, allowing you to

i nvesti gate the i ssue before
significant damage occurs.
However, manual DC circuit
breakers should also beinstalled in
order to override the systemin case
of an emergency.

Think safety

That is the end of the safety lecture
for now. | will touch on safety again
when we come to installation, but
for now, please remember that
safety does not happen by accident.
Consider the safety aspects when
you are designing your systemand




you will end up with a safe system.
The additional cost of afew AC
and DC circuit breakers, an earthing
rod/ grounding rod, an RCD/ GFI
and getting the right cablesis not
going to break the bank. It is money
well worth spending.



Solar array design

All solar panelsinan array must
face inthe same direction. This
ensures that each cell receives the
same amount of light, whichis
important for opti mum power
production.

Sometimes, you may want to install
solar panelsin different locations,
such as on two different pitches of
roof. Inthis instance, you need to
keep the two banks of solar panels
separate, running them as two
separate arrays, either by feeding
theminto an inverter or controller
that can handle more than one sol ar



input, or by feeding theminto two
separate inverters or controllers.

If you wish to mix and match
different sizes of solar panel, you
will aso need to set these up in
separate arrays and wire these
separately, either using an inverter
or controller that can handle more
than one solar input, or using two
separate inverters or controllers.

If you are designingagrid-tie
system, where you are considering
different sizes or orientations of
solar panels, you should seriously
consider amicro-inverter system
where each solar panel hasits own



inverter.

Solar array design 1_stand-
alone systems

If you have more than one solar
panel and you are running your
solar electric systemat 12 volts,
then you will need to wire your
panels together in parallel inorder
to increase your capacity without
increasing the overall voltage.

If you are running your solar

el ectric system at higher voltages,
you either need to buy

hi gher-voltage solar panels, or you
will need more than one solar



panel, wired in series to increase
the voltage of the solar panelsto the
voltage of your overall system:

1 For a24-volt system, you
have the choice of using 24-
volt solar panels, or two 12-
volt solar panel's connected in
series

1 For a48-volt system, you
can use one 48-volt solar
panel, two 24-volt solar
panels connected in series, or
four 12-volt solar panels
connected in series

Once you have reached the voltage
that you want, you can then run the



panels bothinseriesand in
parallel, connecting strings of
panel s together in series to reach
your desired voltage, and then
connecting multi pl e strings together
inparallel to increase your
capacity:
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A sample diagram of
a 24-volt array
wher e two sets of
two 12-volt solar
panels are connected
inseriesinorder to
create a 24-volt
array and the two
arrays arethen
connected in parallel
to create amore
power ful 24-volt
array.

Solar array design 1_grid-tie
systems with micro-inverters
If you are designingagrid-tie




system and using micro-inverters,
your designis extremely simple.
Each solar panel becomes a self-
sufficient solar energy system, each
feeding power into its own micro-
inverter. The micro-inverters
convert the energy to AC and feed it
into the main AC circuit.

Solar array design 1_grid-tie
systems with asingle inverter




If you are designingagrid-tie
systemwith a single inverter, you
will typically be connecting all
your solar panelsin series and then
feeding this high-voltage DC power
into aninverter.

Tovenrte

Asimplified block
diagram of a typical
grid-tie systemusing

asingleinverter.
Theresidual current
device (RCD)



provides ground
fault protection. In
the United Sates, an
RCD isknown as a
ground fault
interrupter (GFI)

Because of the very high DC
voltages invol ved, additional
safeguards are necessary. The solar
array must always be grounded,
there must be a DC circuit breaker
(also known as an isolation switch)
installed between the solar array
and the inverter and there must be a
DC residual current device/ ground
fault interrupter installed to shut
down the solar array in the case of



ashort circuit.

In the diagram below, there are
sixteen solar panels connected in
series. Assuming each solar panel
produces a 12-volt output, this
systemwill runat anominal 192
volts, with a peak power inthe
region of 320 volts and an open
circuit voltage of 416 volts.

Because of the very high voltages, |
have decided to install additional
DC circuit breakers in the middle of
the solar array in order to reduce
the voltage withinthe array if |
switch them off. This makes the
system safer during mai ntenance



and can reduce the risk of fire or
electrocution in case of an
emergency.

The diagram shows two AC

I sol ation switches: one switch
between the inverter and the
distribution panel to isol ate the
solar system completely from your
house and one switch to isol ate
your building fromthe grid.
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Above: Asample
block diagramfor a
grid-tie system

In the United States, you are not
allowed to have a grid-tie solar
energy systemwhere any part of
that system has the potential to run
at over 600 volts. This means that
the open voltage of your solar array
must be | ess than 600 volts. In
general, this means that you will not
want to connect more than twenty
12-volt solar panels or ten 24-volt
solar panelsinseries, inorder to
ensure that you stay well below this
level.



In Europe, it is advisable that your
open circuit voltage remains under
1,000 volts. In general, this means
that you will not want to connect
more than thirty 12-volt solar
panels, or fifteen 24-volt solar
panelsin series.

If you are running close to this limit,
there are three options, which |
have listed in order of preference:

M Install amicro-inverter
system

1 Install amulti-string system,
either using aninverter that
handl es more than one solar
feed, or by using two separate



inverters

1 Wireyour solar panelsina
parallel/series hybrid



Batteries

Batteriesarewired inasimilar
way to your solar array. You can
wire up multiple 12-volt batteries
inparallel to build a 12-volt system
with higher energy capacity, or you
can wire multiple batteries in series
to build a higher-voltage system.

When wiring batteries together in
parallel, itisimportant to wire
them up so that you take the positive
connection off the first battery in the
bank and the negative connection
off the | ast battery in the bank.

This ensures equal energy drainand
charging across the entire battery



bank. If you use the same battery in
the bank for negative and positive
connections to the controller and
inverter, you drain this first battery
faster than the rest of the batteriesin
the bank. The first battery also gets
the biggest recharge fromthe solar
array.

This shortens the life of the battery
and means all the batteriesin the
bank end up out of balance. Other
batteries in the bank never get fully
charged by the solar array, as the
first battery will report being fully
charged first and the controller will
then switch the power off rather
than conti nuing to charge the rest of



the batteries in the bank. The result
IS that the batteries end up with a
shorter lifespan.
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Howtowire
batteriesin parallel:
the diagramon the
|eft, where power
feed for both positive
and negative is taken
off the first battery
in the bank, shows
hownottodoiti it
will lead to poor
battery performance
and premature
battery failure. The
diagramon theright,
wher e the positive
feed is taken off the
first battery in the



bank and the
negative feed is
taken off the last
battery in the bank,
iscorrect and will
lead to a more
balanced systemwith
a significantly
longer life.

Controller

A controller will have connections
to the solar array, to the battery
bank and to DC loads. Although
controllers tend not to have the
same heat problems as inverters,
they can get warmin use. Make sure



they are installed in an area with
good ventilation around themand in
alocationwhere they can be easily
checked.

Inverter

Where aninverter isused ina
stand-alone or grid fallback system,
it is connected directly to the
battery bank and not through the
controller.

Make sure that you design your
system so that the inverter isina
well-ventilated area. Take into
account the weight of the inverter
and ensurethat itisinstalledina
location where it can easily be



checked.

Devices

Devices are connected to the
inverter if they require grid-level
voltage, or to the controller if they
are low-voltage DC devices. They
are never connected directly to the
solar array or the batteries.



Specificsfor agrid
fallback system

Because a grid fallback system
does not connect your solar energy
systemto the grid, you are less
restricted as to the components you
can use.

You must still adhere to basic
wiring legislation for your country.
In some countries (such as the
United Kingdom, for instance) this
can mean having the final
connection into your building
electricity supply installed by a
fully qualified electrician, but this
Is significantly cheaper than having



agrid-tie systeminstalled and
I nspected.

The design for agrid fall back
systemisvery similar to a stand-
alone solar system, i.e. solar
panels, solar controller and
batteries. The only differenceis
what happens after the batteries.

The advantage of agrid fallback
systemisthat it canwork in three
ways. it can provide power for an
entire building, it can provide
power for specific circuitswithina
building or it can provide power
for asingle circuit withina
building.



More information and a sample
circuit diagram for grid fallback
configurations are included in
Appendix E.



Circuit protection

Circuit protectionis required in any
system to ensure the system shuts
down safely in the event of a short
circuit. Itisasvalid onlow-voltage
systems asit is on high-voltage
systers.

A low-voltage system can cause

mgj or problems simply because of
the huge current that a 12-volt
battery can generate: in excess of
1,000 amps in a short burst can
easily cause a severe shock and
even death or seriousinjury in some
cases.

In the case of a short circuit, your



wiringwill get extremely hot and
start melting within seconds unless
suitabl e protection has been fitted.
This can cause fire or burns, and
necessary protection should be
fitted to ensure that no damage to
the system occurs as aresult of an
accidental short circuit.

Earthing (grounding)

Inall systems, the negative terminal
on the battery should be adequately
earthed (referred to as grounded in
North America). If thereisno
suitable earth available, a
grounding rod or ground plane
should be installed.



DC circuit protection

For very small systems generating
|ess than 100 watts of power, the
fuse built into the controller will
normal ly be sufficient for basic
circuit protection. Inalarger
system, where feed for some DC
devices does not go through a
controller, afuse should be
incorporated on the battery positive
terminal.

Where you fit a fuse to the battery,
you must ensure that all current
from the battery has to pass through
that terminal .

In DC systems with multiple




circuits, itis advisable to fit fuses
to each of these circuits. If you are
using 12 volts or 24 volts, you can
use the same fuses and circuit
breakers as you would for normal
domestic power circuits. For

hi gher-voltage DC systens, you
must use specialist DC fuses.

When connecting devices to your
DC circuits, you do not need to
include a separate earth (ground)
for each device, as the negativeis
already earthed at the batteries.

Fit anisolation switch (DC
disconnect switch) between your
solar array and your inverter or



controller. Fit a second isolation
switch between your batteries and
your controller and inverter.

Unless your controller or inverter
already incorporates one, you
should fit aDC residual current
device/ ground fault interrupter
between your solar array and your
controller or inverter.

AC circuit protection

AC circuits should be fed through a
distribution panel (otherwise
known as a consumer unit). This
distribution panel should be earthed
(grounded) and should incorporate
an earth leakage trip with aresidual




current device (RCD), otherwise
known as a ground fault interrupter.

Asyou will have earthed your
DC components, you must use a
separate earth (ground) for AC
circuits.

You must also install an AC
disconnect switch (isolation
switch) between your inverter and
your distribution panel. In the case
of agrid-tie system, thisis normally
alegal requirement, but itis good
practice anyway.

The wiring in the building should
follow normal wiring practices.

Y ou should use a qualified



electrician for installing and signing
off all grid-level voltage work.



Cable sizing and
selection

Once you have your wiring
diagram, it is worth making notes
on cable lengths for each part of the
diagram, and making notes on what
cables you will use for each part of
the install ation.

Sizing your cables

This sectionis repeated fromthe
previous chapter. | make no
apologies for this, ascable sizingis
one of the biggest mi stakes that
people make wheninstalling a solar
el ectric system.



Low-voltage systems lose a
significant amount of power through
cabling. Thisis because currents
(amps) are higher to make up for the
lack of voltage. Ohms law tells us
that the power lost through the cable
IS proportional to the square of the
current: the higher the current, the
greater the resistance. To overcome
thi s resi stance, we must use thicker
cables.

Wherever you are using
low-voltage cabling (from the solar
array to the controller, and to all
low-voltage DC equipment) you
need to ensure you are using the
correct size of cable: if the cable



sizeistoo small, youwill get a
significant voltage drop that can
cause your systemto fail.

Y ou can work out the required
cable size using the following
calculation:

(Lengthx 1 x0.04) 6 (V 6 20) =

Cable Thickness
Length:
Cable length in metres (1m
= 3.3 feet)
| :

Current inamps
V:

Systemvoltage



(e.0. 12 volts or 24 volts)

Cable Thickness:
Cross-sectional area of the
cable in mm)

The cabl e thickness you are using
should be at | east the same size as
the result of this calculation. Never
use smaller cable, asyouwill seea
greater voltage drop with asmaller
cable, which could cause some of
your devices not to work properly.

Protecting cable runs

When planning cable layouts, you
need to ensure they are protected
from unwanted attention from




animal s and children and from
possible vandalism.

Rats and foxes chewing through
cable insulation canbe a big
problemin some installations. This
can be resolved by using rodent
protected cabling. Using conduit is
often a good idea as well,
especially if you can use steel
conduit or thinrwall electrical
metallic tubing (EMT) to protect
cables.

Designing your system to keep
your cables runs as short as

possible




If you have multiple devices
running in different physical areas,
you can have multiple cable runs
running in parallel inorder to keep
the cable runs as short as possible,
rather than extending the length of
one cable to run across multiple
areas.

By doing this, you achieve two
things. you are reducing the overall
|ength of each cable and you are
splitting the load between more than
one circuit. The benefit of doing
thisis that you can reduce the

thi ckness of each cable required,
which can make install ation easier.



If you are doing thisin a house, you
can use a distribution panel
(otherwise known as a consumer
unit) for creating each circuit.

In the holiday home, for instance, it
would make sense to run the
upstairs lighting on a different
circuit to the downstairs lighting.
Likewise, it would make sense to
run separate circuits for powering
appliances upstairs and downstairs.

In the case of the holiday home, by
increasing the number of circuitsit
becomes possible to use standard
2.5mm domestic &win and earth
cable for wiring the house, rather



than more specialist cables. Not
only does this simplify the
installation, it keeps costs down.

Selecting solar cable

A common fault with
poorly-designed or poorly-installed
solar energy systems is under-
performance where there is no clear
source for the problem. In
particular, this tends to occur
around two to three years after the
systemwas first installed.

The source of the problemis often
either bird droppings or UV damage
on cabl es |eading from the solar
panelsto the inverters. Thisis



usually caused by not using solar

| nterconnection cables, which have
a much tougher insulation that is UV
protected, designed to withstand

hi gh temperatures and can withstand
acidic bird droppings.

Itisvital that you use specific solar
| nterconnection cabl e to connect
your solar panel s together and for
linking your solar panels to your
inverter or controller. If you are not
sure, look for cable that conforms to
the UL 4703 or UL 854 (USE-2)
gpecification for PV cabling. This
Isavailable fromall solar

equi pment suppliers.



Controller cable

When cal cul ati ng the thi ckness of
cabl e to go between the controller
and the battery, you need to take the
current flow into the battery from
the solar array as well as the flow
out of it (peak flow into the battery
is normally much higher than flow
out).

Battery interconnection cables

Y ou can buy battery interconnection
cables with the correct battery
terminal connectors from your
battery supplier. Because the flow
of current between batteries can be
very significant indeed, | tend to use




the thi ckest interconnection cables |
can buy for connection between
batteries.



Some sample wiring
diagrams

As ever, apicture can be worth a
thousand words, so here are some
basi ¢ designs and diagrams to help
give you a clearer understanding of
how you connect a solar electric
system together.
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Above: Asimple
solar installation: a
light with light
switch, a small radio
and asinmple
intruder alarm1



perfect for a garden
shed or a small |ock-
up garage. Because
itisasmall system,
you may choose not
to fit anisolation
switch. Because the
systemis very small,
| have decided only
to fit a fuse between
the controller and
the battery
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Thisisaninteresting
project i a solar
powered river boat.
Electric boats are
gainingin
popularity, thanks to
their virtually silent
running and lack of
vibration. The only




downsideis
recharging the
batteries. Here,
solar panelsare
used to recharge the
batteries, charging
themup during the
week to provide all
the power required
for a weekend
messing about on the
river. The total cost
of this complete
systemwas less than
the cost of a
traditional outboard
engine and fuel tank
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Above: An example
of a 12-volt solar



system running an
ACinverter to
provide a normal
building electricity
supply in an off-grid
installation. Below:
the same system,
wired at 24 volts
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The holiday home wiring
diagram




