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Preface

Anaerobic biotechnology plays a significant role for the two issues crucial to our society
in the 21* century: environmental protection and resource recovery. Human history has
repeatedly shown that societies have vanished when people either were ignorant of or
chose to neglect the significance of these two issues’. Today, 7.3 billion of us are living
in this global village, sharing an increasingly polluted environment and rapidly depleting
resources. The survival of our global village is further threatened by the continued
increase of the human population, which may reach more than 12 billion by the end
of the 21 century. Anaerobic technology, after decades of development, has been
demonstrated as an effective treatment process for various kinds of wastes and
wastewater. However, this biotechnology is still often overlooked by many today despite
its intrinsic advantages and demonstrated effectiveness. One of our motives in publishing
this book is to awaken the awareness of those who have overlooked this green and
sustainable technology as a means to clean up our environment and to recover valuable
resources at the same time.

Under anaerobic conditions, microbes degrade complex organic matters into simple
molecules, gaining carbon and energy for their own growth and reproduction in the
process. The first unicellular organism appeared on Earth over three billion years ago.
The early forms of life were all anaerobes as molecular oxygen was not present on the
Earth’s surface until one billion years later. Hence, the anaerobes today are survivors of
three billion years of evolution and natural selection. They are highly effective and
competitive in environments absent of oxygen. For example, anaerobes are abundant in
our guts, breaking proteins, lipids and carbohydrates in food into smaller organics that are
absorbed through the intestines into the bloodstream for use by our body. For centuries,
we have used anaerobes to ferment carbohydrates in grapes and excess crops into alcohol.
More recently, we have also used anaerobes in the pharmaceutical industry to produce
valuable drugs.

One may also apply the same anaerobic process to degrade pollutants in wastes and
wastewater. For centuries, farmers have digested livestock and human manures in
cesspits and used the residues as fertilizers. Later, sanitary engineers used similar
processes to digest waste sludge generated from the aerobic wastewater treatment
process. Although anaerobic digestion could reduce sludge mass by half and convert
organic matters into methane, the process often required lengthy retention due to
primitive reactor design and the lack of understanding of the degradation mechanism.

* Jared Diamond, Collapse: How Societies Choose to Fail or Succeed, 2005, Viking Press.
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Anaerobic digestion was treated as a black box; as a consequence, the process had been
perceived for years by many as inefficient and had been overlooked by practitioners and
policy decision-makers. Fortunately, through the relentless effort of more than one
generation of scientists and engineers, anaerobic processes have now developed into
matured technology for wastes and wastewater treatment with much better understanding
of the related microbiology and biochemistry as well as more effective process and
reactor designs.

Compared to the more conventional but costly aerobic process, the anaerobic process
does not require the energy-intense aeration, produces only 10% of waste sludge,
converts pollutants into readily usable biofuel in the form of methane or hydrogen, and
retains most of the nutrients in the sludge, which may be used as organic fertilizer.
Although there are certain drawbacks and limitations, anaerobic processes remain the
technology of choice for most wastes and wastewater treatment when one looks at the
overall picture holistically from the perspectives of both environment and natural
resources. Today, tens of thousands of full-scale facilities have been installed worldwide
to treat various wastes and wastewaters, including sewage and wastewaters from food,
beverage, distillery and petrochemical industries, as well as livestock manures, sewage
sludge and crop stalks. Many of these technological advancements and a number of case
studies are presented and discussed in this book.

As the sequel to the well-received Environmental Anaerobic Technology:
Applications and New Developments (Fang, H.H.P. 2010, Imperial College Press,
London), this new book compiles the most updated information on anaerobic
biotechnology developed in the past five years and groups it into three categories:
fundamentals, applications and challenges towards sustainability. It consists of 16
chapters contributed by 48 renowned experts from 13 countries/regions. It covers the
wide range of significant and interesting subjects listed below:

- the latest developments and challenges of the anaerobic biotechnology (Chapters 1
and 5),

- anaerobic microbial communities and syntrophic associations (Chapters 2, 3 and 4),

- the Anammox process treating N-rich wastewaters (Chapter 4),

- applications of metagenomics, including identifying crucial anaerobes at low
concentrations and the potential findings of industrial biomolecules, enzymes and
biodegradation genes (Chapter 5),

- chemical analysis on the impacts of NH3 and H»S (Chapter 6),

- modelling of anaerobic processes (Chapter 7),

- microbial fuel cell (Chapter 8),

- applications of anaerobic membrane bioreactors (Chapters 9 and 10),

- treatment of sewage (Chapters 10, 12 and 13),

- treatment of farm wastes (Chapters 13, 14 and 15),

- treatment of petrochemical wastewater (Chapter 11),

- applications of fluidized-bed reactor (Chapters 10 and 11),

- applications of anaerobic filter, upflow anaerobic sludge blanket (UASB) reactor and
the like (Chapters 11, 12, 13 and 15),
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- full-scale operational experiences in East Asia, particularly in Japan (Chapter 9),
Taiwan (Chapter 11) and China (Chapter 13),

- full-scale operational experiences in Latin America, mainly in Brazil, Mexico and
Colombia (Chapters 12 and 15),

- commercialization of an enzyme from a bacterium found in anaerobic digester
(Chapter 14),

- proposal of the concept of holistic farming (Chapter 14),

- holistic energy analysis of bioethanol production from sugarcane (Chapter 15) and

- achieving a more sustainable society from anaerobic biotechnology (Chapter 16).

This book is targeted not only for engineers and scientists, but also for practitioners as
well as decision-makers on energy and environmental policies. We wish that this book
may help in the broadening applications of anaerobic biotechnology to environmental
protection and resource recovery and, as a consequence, help in the sustainable
development of our society in the 21* century.

Lastly, we wish to express our gratitude to all the authors for their efforts and
contributions, as well as to the continual generous support from the University of Hong
Kong, the Croucher Foundation and the Hong Kong General Research Fund over the past
decades. We also wish to thank all of our past and present collaborators and research
students whose dedications and cheerful attitude have made our research journey joyful,
inspiring and fulfilling. Special thanks are also given to Dr. Ying Yang and Ms. Amanda
Yun for their assistances in the preparation of this book.

February 20, 2015
Herbert H. P. Fang
Tong Zhang
Environmental Biotechnology Laboratory
Department of Civil Engineering
The University of Hong Kong
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