PRINCIPLES AND PRACTIGE

Edited by
VV N Kishore i $




Renewable Energy Engineering
and Technology

Principles and Practice

Edsted by
V V N Kishore

Senior Fellow, Energy-Environment Technology Division
The Energy and Resources Institute, New Delhi

I VA

- E2009002391

.

learthsicar

London e Sterling, VA




First published by Earthscan in the UK and USA in 2009

Copyright © TERI Press, 2009

All rights reserved

ISBN 978-1-84407-699-4

Typeset by TERI Press, New Delhi
Printed and bound by Parangat Offset Pvt Ltd, New Delhi, India
Cover design by Archana Singh

For a full list of publications please contact
Earthscan

Dunstan House

14a St Cross St

London, ECIN 8XA, UK

Tel: +44 (0)20 7841 1930

Fax: +44 (0)20 7242 1474

Email: earthinfo@earthscan.co.uk

Web: www.earthscan.co.uk

22883 Quicksilver Drive, Sterling;, YA 20166-2012, USA

Earthscan publishes in association with the International Institute for
Environment and Development

A catalogue record for this book is available from the British Library

Library of Congress Cataloging-in-Publication Data has been applied for



Renewable Energy Engineering and Technology



foreword

As humanity progresses in the 21st century, it would in future encounter major
challenges in terms of ensuring adequate and equitable provision of energy.
While the 20th century was characterized by growing dependence on fossil
fuels, the current century would have to deal with the depletion of reserves of
tossil fuels, growing environmental problems as a result of production and use
of these fuels as well as the threat of climate change, which results from the
emissions of GHGs (greenhouse gases) due to the combustion of fossil fuels.
There are, therefore, several reasons for the world to explore with some
urgency alternative sources of energy supply. The IPCC (Intergovernmental
Panel on Climate Change) has clearly established that warming of the earth is
unequivocal and that while adaptation measures in the short run would
require to be implemented with a sense of urgency, mitigation measures to
reduce the emissions of GHGs are crucial and essential.

This poses a major challenge for those dealing with energy decisions,
particularly in the context of bringing about a major transition to renewable
sources of energy. In 1998, I was the president of the International Association
for Energy Economics, a body then consisting of about 3000 professionals
including academics and senior leaders from the energy supply industry as well
as other sectors. In my presidential address, on the occasion of the annual
international conference of this body, I made the following statement:
‘one area where our profession needs to make a much stronger entry than it
has thus far achieved is in the field of energy—environment interface issues.
Not only are the direct environmental effects of energy, such as air and water
pollution and acid rain, serious enough to merit attention, but there is also
now a definite basis for concern over the effects of energy use and production
on the global climate. We can postpone a deeper interest in the subject only at
the risk of a continuing insularity and myopia. Climate changes are already
resulting in serious problems in the tropics in the form of frequent droughts

and floods.’
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Foreword

Recent statements by several world leaders express the need to bring
about deep cuts in the emission of GHGs, particularly carbon dioxide.
This would be possible only with a major shift towards renewable energy
technologies. The IPCC’s Fourth Assessment Report has assessed several
scenarios. In one of the scenarios, concentration of GHGs can be stabilized
to limit temperature increase at an equilibrium of 2.0-2.4 °C. In order to reach
this level of stabilization, a reduction of 50%-85% in the current level of
emissions would be required by 2050. Needless to say, such a shift towards a
low-carbon economy can only be achieved through a major movement towards
greater use of renewable energy.

Development of renewable energy systems for various applications,
coupled with their implementation, is a challenging task as it involves under-
standing of a multitude of disciplines. Developing countries including
India need diverse renewable energy products and services, which need to be
developed locally to make them affordable and sustainable. This book, which
covers several aspects of design, sizing, and system integration, attempts to
address the basic needs of a renewable energy designer and developer. The
emphasis on the basics of engineering design and practical examples will make
the task of system designers easy. The book is well timed to fulfil the needs of
students as well as practitioners at all levels. It will also help students from
diverse backgrounds such as architecture, biochemistry, and physics to under-
stand the required basics of engineering science. I congratulate the editor
and authors of Renewable Energy Engrneering and Technology — a knowledge
compendsum for publishing such an important and useful piece of work.

..

R K Pachauri



Preface

This book is the partial outcome of a dream project that aimed at putting
‘everything under the sun’ in one place. Conceived nearly three years ago, this
book was planned to cover various items, including core subjects like solar
thermal engineering, photovoltaics, wind energy, biomass energy, along with
ancillary subjects like economic/financial analysis, rural energy, techno-social
interaction, energy planning, among others. In addition, we thought of cover-
ing different manufacturers, standards, policy issues, educational institutes,
renewable energy experts, and so on. It was soon realized that it would not be
possible to produce such a mammoth work in such a short span of time, and
we settled to cover only the core subjects as a first attempt.

Every branch of engineering has its own genesis, growth, and
stabilization. For example, as late as the 1960s, chemical engineering was con-
sidered as a new and somewhat risky branch with uncertain job markets,
compared to conventional branches such as civil, mechanical, and electrical
engineering. Soon, however, it established itself as a core branch of engineer-
ing. More recently, because of the IT (information technology) revolution,
several branches of engineering have emerged, which were hitherto not
considered as viable career options.

Renewable energy engineering is yet to establish itself as a viable
branch. However, it may happen sooner than later. The Nobel Peace Prize for
the IPCC (Intergovernmental Panel on Climate Change) is the ultimate
recognition of the fact that climate change is a result of rapid development
and that there are no viable solutions other than sustainable energy solutions.
There will be a huge interest in the study of philosophy, science, engineering,
and technology of sustainable energy in the coming years. In India, for
example, the demand for energy professionals is growing rapidly, and the
1000-odd postgraduates coming out of various ‘centres of energy’ are
deemed as inadequate compared to the demands of the growing industry.
This book lays the foundation for an entirely new branch of engineering,
renewable energy engineering,.
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Preface

There is vast and rich literature available on renewable energy. Several
books on renewable energy, published both in India and abroad, are available,
but most of these are in the specialization category. Also, many of these books
are not targeted at practitioners. It is well known that renewable energy is a
multidisciplinary area, requiring knowledge of basic sciences such as physics,
chemistry, biology; applied sciences such as material science; and engineering
subjects such as mechanical, chemical, and electrical. Many existing books on
renewable energy cover only a few basics relevant to the topic. The main aim
of this book is to provide a broad background so as to cover as many renew-
able energy topics as possible.

The other important aspect of the book is that almost all the authors
who have contributed to the various chapters are essentially practitioners.
Right from its formative years, TERI laid a lot of stress on product develop-
ment and field implementation, along with basic and applied research. Thus,
along with incorporating the scientific and technical content, we endeavoured
to capture the rich practical experience gained at TERI during the past two
decades.

The first two chapters establish the raison d’ étre of renewable energy.
The third chapter tries to establish a foundation of broad scientific and engi-
neering principles required to understand the design basis of renewable energy
systems. This chapter includes topics like properties of matter, material and
energy balances, thermodynamics, fluid flow; heat transfer, mass transfer, and
is normally covered in the first two years of chemical/mechanical engineering
streams. This chapter serves as a bridge material for non-engineering students
and as a brief review for engineering students.

Chapters 4-7 cover solar energy basics and applications. The resource
characteristics of solar radiation are covered in Chapter 4, followed by
photovoltaics, solar thermal engineering, and solar passive architecture in
Chapters 5, 6, and 7, respectively.

Wind energy is covered in Chapters 8 and 9, and small hydro is covered
in Chapter 10. Four important energy sources, namely, geothermal, tidal, wave,
and ocean thermal are covered in Chapter 11. We realize that each of these
subjects deserves complete and independent treatment, but we had to limit
the coverage owing to two reasons. First, not much work has been done in In-
dia and, hence, expertise was found to be lacking. Second, the potential for
these resources, either technical or economical, is yet to be established firmly
in the Indian context.

Chapters 12-15 cover various topics in bio-energy utilization, which
is emerging as a very important subject both in developed and developing
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economics. The resource characteristics are covered in Chapter 12, followed
by thermo-chemical conversion, biochemical methods of conversion, and
liquid biofuels in Chapters 13, 14, and 15, respectively.

As mentioned earlier, there is an urgent and huge task of human resource
development in renewable energy so as to tackle the challenges of climate
change and sustainable development in the current millennium. We hope that
this book serves as a pilot for much bigger human resource development
initiatives.

VV N Kishore
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