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Preface

Photovoltaics (PV), the ‘carbon-free’ technology that converts sunlight
directly into electricity, has grown dramatically in recent years. Unique
among the renewable energies in its interaction with the built environment,
PV is becoming part of the daily experience of citizens in developed coun-
tries as millions of PV modules are installed on rooftops and building
facades. People living in sunshine countries will increasingly live in solar
homes or receive their electricity from large PV power plants. Many gov-
ernments around the world are now keen to promote renewable electricity
as an essential part of the 21* century’s energy mix, and PV is set for an
exciting future.

This book is designed for students and professionals looking for a concise,
authoritative, and up-to-date introduction to PV and its practical applica-
tions. I hope that it will also appeal to the large, and growing, number of
thoughtful people who are fascinated by the idea of using solar cells to
generate electricity and wish to understand their scientific principles. The
book covers some challenging concepts in physics and electronics, but the
tone is deliberately lighter than that of most academic texts, and there is
comparatively little mathematics. I have included many colour photo-
graphs, gathered from around the World, to illustrate PV’s huge and diverse
range of practical applications.

In more detail, Chapter 1 introduces PV’s scientific and historical context,
suggests something of the magic of this new technology, and summarises
its current status. The treatment of silicon solar cells in Chapter 2 includes
material in semiconductor physics and quantum theory, described by a few
key equations and supported by plenty of discussion. The new types of
thin-film cell that have entered the global PV market in recent years are
also introduced. Chapter 3 covers the characteristics of PV modules and
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arrays, discusses potential problems of interconnection and shading, and
outlines the various types of system that track the sun, with or without
concentration. The two major categories of PV system, grid-connected and
stand-alone, provide the material for Chapters 4 and 5 respectively, and
Chapter 6 concludes the story with some of the most important economic
and environmental issues surrounding PV’s remarkable progress.

Photovoltaic technology seeks to work with nature rather than to dominate
or conquer it, satisfying our growing desire to live in tune with Planet Earth.
I trust that this book will inspire as well as inform, making its own small
contribution to an energy future increasingly based on ‘electricity from
sunlight’.

Paul A. Lynn
Butcombe, Bristol, England
Spring 2010
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1.1

1 Introduction

The sun, earth, and renewable energy

We are entering a new solar age. For the last few hundred years humans
have been using up fossil fuels that took around 400 million years to form
and store underground. We must now put huge effort — technological and
political — into energy systems that use the Sun’s energy more directly. It
is one of the most inspiring challenges facing today’s engineers and scien-
tists and a worthwhile career path for the next generation. Photovoltaics
(PV), the subject of this book, is one of the exciting new technologies that
is already helping us towards a solar future.

Most politicians and policymakers agree that a massive redirection of
energy policy is essential if Planet Earth is to survive the 21st century in
reasonable shape. This is not simply a matter of fuel reserves. It has become
clear that, even if those reserves were unlimited, we could not continue to
burn them with impunity. The resulting carbon dioxide emissions and
increased global warming would almost certainly lead to a major environ-
mental crisis. So the danger is now seen as a double-edged sword: on the
one side, fossil fuel depletion; on the other, the increasing inability of the
natural world to absorb emissions caused by burning what fuel remains.

Back in the 1970s there was very little public discussion about energy
sources. In the industrialised world we had become used to the idea that
electricity is generated in large centralised power stations, often out of
sight as well as mind, and distributed to factories, offices, and homes by a
grid system with far-reaching tentacles. Few people had any idea how the

Electricity from Sunlight By Paul A. Lynn
© 2010 John Wiley & Sons, Ltd



1 Introduction

Figure 1.1 Towards the new solar age: this rooftop PV installation at the Mont-Cenis
Academy in Herne, Germany, is on the site of a former coalmine (IEA-PVPS).

electricity they took for granted was produced, or that the burning of coal,
oil, and gas was building up global environmental problems. Those who
were aware tended to assume that the advent of nuclear power would prove
a panacea; a few even claimed that nuclear electricity would be so cheap
that it would not be worth metering! And university engineering courses
paid scant attention to energy systems, giving their students what now
seems a rather shortsighted set of priorities.

Yet even in those years there were a few brave voices suggesting that all
was not well. In his famous book Small is Beautiful,' first published in
1973, E.F. Schumacher poured scorn on the idea that the problems of pro-
duction in the industrialised world had been solved. Modern society, he
claimed, does not experience itself as part of nature, but as an outside force
seeking to dominate and conquer it. And it is the illusion of unlimited
powers deriving from the undoubted successes of much of modern technol-
ogy that is the root cause of our present difficulties. In particular, we are
failing to distinguish between the capital and income components of the
Earth’s resources. We use up capital, including oil and gas reserves, as if
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they were steady and sustainable income. But they are actually once-and-
only capital. It is like selling the family silver and going on a binge.

Schumacher’s message, once ignored or derided by the majority, is increas-
ingly seen as mainstream. For the good of Planet Earth and future genera-
tions we have started to distinguish between capital and income, and to
invest heavily in renewable technologies — including solar, wind and wave
power — that produce electrical energy free of carbon emissions. In recent
years the message has been powerfully reinforced by former US Vice
President Al Gore, whose inspirational lecture tours and video presentation
An Inconvenient Truth® have been watched by many millions of people
around the world.

Whereas the fossil fuels laid down by solar energy over hundreds of mil-
lions of years must surely be regarded as capital, the Sun’s radiation
beamed at us day by day, year by year, and century by century, is effectively
free income to be used or ignored as we wish. This income is expected to
flow for billions of years. Nothing is ‘wasted’ or exhausted if we don’t use
it because it is there anyway. The challenge for the future is to harness such
renewable energy effectively, designing and creating efficient and hope-
fully inspiring machines to serve humankind without disabling the planet.

Wind energy

= Photovoltaics

_‘ = Wind energy — ¥
Photovoltaics “‘.

Figure 1.2 Three important renewable technologies: PV, wind and wave.




