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Let the Solar Power Design Manual guide you through the process of designing, specifying and
installing your solar power system. Benefit from the author's years of experience in the solar
industry and discover the secrets behind photovolataic technology.From first principles to a
worked example, learn how to generate electricity from the sun anywhere from London to
Luanda.

“An excellent introduction to beekeeping.” — Kirsten Traynor, Editor in Chief, American Bee
Journal“Confused by all the different opinions on how best to keep bees? This guide will provide
a bright light on your beekeeping journey." — Marla Spivak, McKnight Distinguished Professor
in Entomology, University of Minnesota “An excellent introduction to both honey bees and
beekeeping. It's well-written, practical, and exceptionally well-illustrated, making it the perfect
book to jump-start the adventure of beekeeping or use as a reference for established
beekeepers.” — Dr. Mark L. Winston, author of Bee Time: Lessons from the Hive“This is one of
the few beekeeping books written by a beekeeper and an extension apiculturist which bridges
the gap between practical beekeeping and science of beekeeping.” — Dr. Medhat Nasr, Alberta
Provincial Apiculturist, Albert Agriculture and Forestry and Past President of Canadian
Association of Professional Apiculturists“Storey’s Guide to Keeping Honey Bees is a thorough
treatment of beekeeping for anyone looking to practice the craft. It spans the range of topics
from beginning to advanced beekeeping, while including a suite of personal testimonies that
humanize the art. It will be an important resource for years to come.” — Jamie Ellis, PhD, Honey
Bee Research and Extension Laboratory, University of Florida“Written in a readable style, this
book blends sound scientific information about honey bees with practical information about
beekeeping and is suitable reference for beginner to serious beekeeper. It has been selected as
the text book for the University of Montana's Online Beekeeping Certificate, Apprentice Level
Course.” — J.J. Bromenshenk, Bee Alert“This book belongs in every beekeeper’s library. The
authors have successfully blended the science and art of beekeeping in a book suitable for
beginning and experienced beekeepers.” — Hachiro Shimanuki, retired Laboratory Director of
the Beltsville Agricultural Research Service“A must-have book for all types of beekeepers who
want good information.” — Dr. James E. Tew, State Extension Specialist, Alabama Cooperative
Extension System“A well-balanced and extremely thorough guide for new beekeepers.” —
Hilary Kearney, Girl Next Door Honey“In this well-written guide, Dr. Sanford utilizes his years of
experience to give straightforward, practical advice for the beginning beekeeper.” — Randy
Oliver, ScientificBeekeeping.com --This text refers to the hardcover edition.From the Back
CoverWhether you have a single rooftop hive, a few bee boxes in your backyard, or a large-scale
apiary, this is the only reference you'll need.Learn how to properly house your bees in all



seasons, manage your colony's nutrition, maintain an effective pollination schedule, prevent and
treat mites and disease, introduce a new queen to the hive, capture a swarm, and harvest and
store your honey crop. --This text refers to the hardcover edition.About the AuthorDr. Malcolm T.
Sanford is professor emeritus at the University of Florida. He has been published extensively in
the apiculture press including the journals Bee Culture and American Bee Journal. He has been
the author of The Apis Newsletter for more than 20 years at Ohio State University and the
University of Florida, writing on beekeeping management, and is the coordinator of the Apis
Information Resource Center. He has been a beekeeping management consultant in Egypt, Italy,
France, Chile, Ecuador, Iraq, and Mexico. He lives in Gainesville, Florida.Veteran beekeeper
Richard E. Bonney, author of Hive Management, Beekeeping, and co-author of Storey’s Guide
to Keeping Honey Bees, was the longtime owner of Charlemont Apiaries in Charlemont,
Massachusetts. --This text refers to the hardcover edition.Read more
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SolarPowerDesign ManualSecond EditionRichard A StubbsSolar Power Design
ManualCopyright © 2006 Richard StubbsThis edition copyright © 2015All rights
reserved.Although every precaution has been taken in the preparation of this book, the author
assumes no responsibility for errors or omissions. Nor is any liability assumed for damages
resulting from the use of the information contained herein.Contents1 Introduction1.1 Scope1.2
Experience1.3 Disclaimer2 Basic Principles2.1 Volts, Amps and Watts2.2 Alternating and Direct
Current2.3 The Photovoltaic Effect2.4 Modules2.5 Energy Storage2.6 Control and
Conversion2.7 Operation3 Suitability3.1 Energy requirement3.2 Other power sources3.3 Solar
resource4 System Components4.1 Modules4.2 Batteries4.3 Controllers4.4 Inverters5
Design5.1 The design process5.2 Initial estimates5.3 Site Survey5.4 System sizing5.5
Component selection5.6 Wiring6 Installation and Commissioning6.1 Safety6.2 Array6.3
Battery6.4 Control equipment6.5 System Commissioning7 Maintenance8 Appendices8.1
Appendix 1 – Insolation Maps8.2 Appendix 2 – Battery Voltages8.3 Appendix 3 – Cable Data8.4
Appendix 4 – Example wiring diagrams8.5 Appendix 5 – Power ratings of common appliances1
Introduction1.1 ScopeThis book is intended to give the reader sufficient knowledge to
design and install a stand-alone solar power system anywhere in the world. It covers the
principles of photovoltaic power generation and energy conversion and goes on to outline the
necessary design and installation procedures.Grid-connected solar systems are not covered in
great detail, as they can not be considered to be 'stand-alone', however basic information on
their function is included for information. Certain elements of system design are applicable to
grid-connected systems, and the reader is made aware of where this is the case.The resources
required are included where necessary and there are illustrations as appropriate. It is
recommended that you read the entire book before attempting any of the procedures within.1.2
ExperienceThe reader is assumed to have a certain amount of knowledge and previous
experience including basic electrical and mechanical knowledge. Experience of common tools
will be an advantage. Some calculations are required although every attempt has been made to
make the process of system design as simple as possible.1.3 DisclaimerEvery care has
been taken to ensure that the information contained in this book is correct. However, it is based
on personal experience and may not be applicable to every situation. No responsibility is
accepted for any loss suffered, either directly or indirectly, as a result of the information
contained in this eBook.2 Basic Principles2.1 Volts, Amps and WattsThroughout this
book there are references to Voltage, Current, Power and Resistance. It is important to
understand what each of these means and how they relate to each other. The units for each
are:Voltage: The potential difference between two points. Is measured in Volts (V) and has the
symbol ‘V’.Current: The flow of electrons in a circuit. Is measured in Amps (A) and has the
symbol ‘I’.Resistance: A material’s opposition to an electrical current. Is measured in Ohms ( )
and has the symbol ‘R’.Power: The rate of doing work. Is measured in Watts and has the symbol



‘P’.Energy: The capacity for work, the product of power and time. Has the symbol ‘E’. The basic
unit of energy is the Joule, but electrical energy is normally expressed in Watt hours (Wh) or kilo
Watt hours (kWh). One kWh is 1000 Wh.The relationship between these units is:P = VIor V = P/I
or I = P/VV = IRor I = V/R or V = I/RP = I2RPower equals voltage multiplied by current. This can
also be expressed in the other two forms shown.Voltage equals current multiplied by resistance.
Again there are two other forms shown. This is known as ‘Ohm’s law’.Power equals current
squared multiplied by resistance.2.2 Alternating and Direct CurrentYou will see references to
Alternating (AC) and Direct Current. Direct current is where the current flows in one direction;
alternating current reverses many times per second. Mains (grid) power is invariably AC as it can
be transformed simply from one voltage to another, thus allowing it to be transmitted great
distances. Batteries and photovoltaic modules produce DC. Power calculations as detailed in
section 2.1 are the same for AC and DC elements of the system.2.3 The Photovoltaic
Effectfigure 1: the photovoltaic effectThe photovoltaic effect is the means by which solar panels
or ‘photovoltaic modules’ generate electricity from light. A solar cell is made from a
semiconductor material such as silicon. Impurities are added to this to create two layers, one of
n-type material, which has too many electrons and one of p-type material which has two few.
The junction between the two is known as a p-n junction. This process is known as doping and is
the same technique used to manufacture transistors and integrated circuits (silicon chips).Light
consists of packets of energy called photons. When these photons hit the cell, they are either
reflected, absorbed or pass straight through, depending on their wavelength. The energy from
those which are absorbed is given to the electrons in the material which causes some of them to
cross the p-n junction. If an electrical circuit is made between the two sides of the cell a current
will flow. This current is proportional to the number of photons hitting the cell and therefore the
light intensity.2.4 ModulesA photovoltaic or PV module is commonly made from a number of
cells connected together in series. This is because each cell only produces a voltage of about
0.5 Volts. It is usual in stand-alone applications for there to be 36 cells connected together to
provide a voltage of about 18 – 20 Volts. This forms a module which can be used to charge a 12
Volt battery.figure 2: Crystalline moduleBecause there is no need to match the voltage to a
battery, modules for grid-connected systems generally have more cells, as many as 60, which
gives an open-circuit voltage of about 30 Volts. Figure 2 shows a typical 12 Volt module. The
separate cells can clearly be seen.There are also ‘thin film’ modules where the separate cells
are formed as part of the manufacturing process. Figure 3 shows such a module. This technique
is employed for the small solar panels which are fitted to calculators and similar devices. They
are much cheaper to manufacture but deliver lower efficiency. This means that less of the light
which hits them is converted to electricity. Recent advances in technology, however, have made
larger and more efficient thin-film modules available.figure 3: thin-film moduleOften a number of
modules will be connected together into an array in order to provide more power than a single
module can provide.2.5 Energy StoragePhotovoltaic modules generate electricity only when
there is light falling on them, and the amount of power generated is proportional to the light



intensity. This means that a way has to be found of storing the electricity generated and
releasing it when it is needed. The normal method is to use the surplus power to charge a lead-
acid battery. This is the same type of battery as used in cars, although the different requirements
mean that a car battery is not suitable, instead a deep-cycle battery is needed.A battery is made
up of a number of cells, each consisting of two lead plates in a container of dilute sulphuric acid.
Each cell has a nominal voltage of 2 Volts, so a number are connected in series, for example 6
cells forms a 12 Volt battery.figure 4: lead-acid cellGrid-connected systems do not need
batteries. Effectively electricity is 'stored' by sending any surplus power to the grid, and using the
grid to supply power when demand exceeds supply.2.6 Control and ConversionThe
electricity generated by the photovoltaic effect is low voltage direct current (DC) whereas mains
electricity is much higher voltage alternating current (AC). This means that additional devices
may be needed to control the battery charging process and convert the power to the correct
voltage. The two most commonly used devices are the photovoltaic controller and the inverter.
The controller makes sure that the battery is neither over-charged or over-discharged. The
purpose of an inverter is to convert low voltage DC into higher voltage AC. It does this by first
turning the DC power into AC and then using a transformer to step up to a higher voltage.figure
5: controller operationAs grid-connected systems do not have batteries, there is no requirement
for a controller. Instead the solar modules are connected to a 'synchronous inverter', which
synchronises the DC power from the solar array with the AC mains power in the house, and
feeds any surplus to the grid, generally through a meter. The householder is usually paid for this
surplus electricity, either at a different rate to the incoming power, or as at the same rate as a
reduction to the bill (net metering).2.7 OperationThe principles of operation of a typical
stand-alone solar power system are shown in figure 6. Electricity is generated in the form of low
voltage DC by the photovoltaic modules whenever light falls on them.figure 6: power flowThis
power is routed through a controller, which feeds whatever power is necessary to any DC
appliances such as lights and uses any surplus to charge a battery. When there is less power
being generated than the appliances are using, power flows from the battery to the appliances.
The controller monitors the battery state of charge and disconnects the appliances if the battery
becomes very discharged.Any AC (mains) appliances are connected to the inverter. This is not
connected to the controller but directly to the battery. It incorporates its own control mechanism
to ensure that the battery is not over-discharged.3 SuitabilityBefore starting to design a
solar power system it is important to assess whether solar power provides the best solution to
the problem at hand. Solar power is best suited to applications where:The energy requirement is
modest.There is no other source of power available.There is a good solar resource.Despite this,
there may be other good reasons for using solar power, for instance a concern for either the
local or global environment, planning constraints or similar issues.In the case of grid-connected
systems, likely considerations are:Grid connection availableAvailability and rate of feed-in
tariffExisting energy demandGood solar resourceFor grid-connected systems, it is not
necessary to fulfil all of the energy requirement. Therefore it is likely that system sizing will be as



much a function of budget as of energy requirement. The sizing calculations can be followed to
derive an estimate of the energy production and therefore the return on investment.3.1
Energy requirementThe amount of energy which is required has a direct bearing on the size and
cost of any proposed solar power system. The energy requirement can be reduced as discussed
in a later chapter, however there are some applications for which solar generated electricity is
very rarely suited. These include space heating, cooking, water heating and any other
application where a large amount of heat is required. It may be possible to meet some of these
requirements by more direct capture of solar energy, such as solar water heating systems or
passive solar building design. These techniques are outside the scope of this manual, but see
the website for more information.There are some applications which easily lend themselves to
solar power, such as lighting and computing, but most things will need to be assessed on a case-
by-case basis.3.2 Other power sourcesOne of the major factors affecting the choice of solar
power is the availability of other potential sources of power. These may include such things as
gas, diesel, kerosene and firewood. The most important however is mains electricity. If mains
electricity is available it is very unlikely that a stand-alone solar power system will be
economically viable except for very small energy requirements where the standing charge is
likely to greatly outweigh the cost of the energy. A grid-connected system, of course, will offer a
viable alternative.
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Kyle William Loshure, “Solar Independent Utility Systems Manual. Searched my book and this
fantastic solar manual showed up so had to check into it to see if there’s anything new I can
learn to write a review about and selfless plug for my book obviously lol Solar done correctly
makes dependable lights forevermore free and dependable as well as running water ….Can’t
wait to get my copy”

The book by Malcolm T. Sanford has a rating of  5 out of 5.0. 1 people have provided feedback.
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