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Disclaimer

This book is intended to be a learning tool. The materials discussed in this book
are presented solely for educational purposes and are not intended to constitute
design specifications or gas plant operating procedures. While every effort has
been made to present current and accurate information, the authors assume no
liability whatsoever for any loss or damage resulting from using them.

All rights reserved. This book is sold subject to the condition that it shall not
by way of trade or otherwise be resold, lent, hired out, stored in a retrieval system,
reproduced or translated into a machine language, or otherwise circulated in any
form of binding or cover, other than that in which it is published, without the prior
written permission of the authors and without a similar requirement including
these conditions being imposed on the subsequent purchaser.



This book is dedicated to all professionals that preceded us;
researchers, scientists, engineers, operators, and educators in the
natural gas industry, who inspire us to assemble their knowledge

and experience, manifesting this book that is much needed in

today’s changing landscape of natural gas.



With contribution by

Wim Van Wassenhove
AspenTech, Belgium
Author of Chapter 15,
Dynamic Simulation of Gas Processing Plants
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Foreword

Natural gas is an environment friendly, clean-burning fuel, offering important
environmental benefits compared to other fossil fuels. It is also a remarkably safe
source of energy when transported, stored, and used. The emergence of natural
gas in the global markets further underscores the importance of gas transmission
and processing. In this regard, it is fitting that technical books covering these
subjects become required reading for technical specialists and project planners.
While several books exist for natural gas upstream engineering, the literature has
lacked a comprehensive book that captures the midstream and downstream
sectors of the natural-gas value chain. This book provides well-organized,
theoretical, and technical background knowledge on natural gas transmission and
processing; and covers subject areas missed by other books in these areas.
Because the authors have extensive experience in the design and operation of
natural gas processing plants throughout the world, this book has attempted to
concentrate upon what they perceive to be modern and proven practices. To keep
things interesting for the experts, they have included some of the latest innova-
tions and developments reported in the recent published works, although some
material also reflects their own research involvement in problems related to
natural gas transmission and processing. In summary, this book is a major
contribution to the professional literature and will serve as a valuable desk
reference for scientists, researchers, and engineers working in the upstream,
midstream, and downstream sectors of natural gas industry. Literature references
for in-depth study enhance the reference aspect of this comprehensive work. The
organization of materials also permits flexibility in designing courses in the gas
processing field for university students in chemical/petroleum engineering
curricula.

Professor Kenneth R. Hall, PhD.,

Jack E. and Frances Brown, Chair and Professor, Department of Chemical
Engineering, Texas A&M University, College Station, TX, USA;
Associate Dean, Research and Graduate Studies,

Texas A&M University at Qatar, Doha, Qatar.



Preface to the Third Edition

Many interesting and exciting developments in the natural gas industry have
occurred since the publication of the second edition in 2012 that make it
necessary to revise portions of the book and include additional materials that
are becoming important in the gas processing industry. This realization has
led us to embark on updating our work to make it a more complete, refreshed,
and comprehensive reference for all major aspects of natural gas transmission
and processing. The operating practices and guidelines for the gas processing
units have been added and updated where we feel they are relevant. In this
respect, we hope that the basic contents are useful as introductory materials in
the chemical and petroleum engineering fields and the more detailed
description of design and operation are useful for the engineers and plant
operators.

The preparation of a book that covers such a broad subject requires many
sources of information. There are many contributors of technical materials and
we gratefully acknowledge our indebtedness to all of the individuals who
contributed to the development of this book. An invaluable contribution to this
edition is the insight by experts in their specialties and applications. Special
thanks are due to friends and colleagues, who encouraged, assessed, and made
this book possible. Among them are Dr Louis Mattar and Dr Mehran Pooladi-
Darvish of the Fekete Associates Inc., Canada, who prepared the section on
“Natural Gas Exploration and Production” in Chapter 1. We also appreciate
Mr Cris Heijckers of Kranji Solutions Pte Ltd, Singapore, for preparing a section
on “Practical Design of Separation Systems” in Chapter 4. We deeply
acknowledge the greatest help of Dr Rainer Kurz of Solar Turbines Inc., the
United States, in updating Chapter 11. We thank Mr Sidney P. Santos of At Work
Rio Engineering and Consulting Ltd, Brazil, for his constructive comments and
suggestions on Chapter 12. We also express our sincere thanks to Professor
Kenneth R. Hall of the Texas A&M University, the United States, who accepted
to write its foreword. Finally, we appreciate the editorial staff members of
Elsevier who have been an excellent source of strong support during the prepa-
ration and publication of this book.

We know that this handbook required updating to reflect the current state of
the art in the changing landscape of natural gas processing. In order to meet this
requirement, the authors have endeavored to assemble the best available
knowledge and expertise to make this work as current as possible, but by no
means is this work perfect. The accelerated delivery of information contained in
this handbook is important as we all desire to make use of the latest technology
for a greener and safer environment through the effective use of natural gas. Our
ultimate mission is to continuously follow progress in this exciting industry and
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xxviii Preface to the Third Edition

add innovations as well as expanded topics in future editions of this handbook
while retaining the basic fundamental and practical materials already available in
this edition.

Saeid Mokhatab
William A. Poe
John Y. Mak



Endorsements for the Third Edition

This handbook is a valuable reference that covers all aspects of the natural gas
transmission and processing industries. It contains much needed design,
operation and optimization information, all in a single source and does an
excellent job of highlighting the key considerations for any gas processing
project, as well as providing innovative solutions in natural gas liquids
recovery and treating high nitrogen and carbon dioxide content gases in
unconventional gas plants. It is a key addition to any gas processing
professional’s library.
Jason Kraynek, Vice President of Business Transformation & Innovations,
Fluor, USA.

This well-balanced handbook is the only book of its kind, covering all aspects
of natural gas transmission and processing in more details. I believe it will
serve as a valuable desk reference for practicing gas engineers and
technologists, and as a text for graduate students in the gas engineering
curriculum.

Dr J.C. Kuo, Senior Advisor of Gas Team, Process Engineering, Chevron ETC, USA.

This high quality, comprehensive book gives an accurate picture of where the

natural gas transmission and processing industry stands today, and describes

some relatively new technologies that could become important in the future.

I recommend this book for any professional gas processing engineer and
technologist.

David Messersmith, Bechtel Fellow and Manager of LNG Technology

and Services Group, Bechtel 0G&C, USA.

This is the only book that covers all technical and operational aspects of

natural gas transmission and processing as well as subject areas missed by

other similar references. I recommend that if you work in the natural gas
industry, you have this unique reference available.

Dr Jaleel V. Valappil, Manager, Advanced Simulation/Process,

Bechtel 0G&C, USA.

This is a valuable handbook to both the experienced engineer and the graduate
Jjust commencing in natural gas engineering. It provides practical advice
for design and operation based on sound engineering principles and
established techniques as well as introducing process solutions based on
new and emerging technologies.

Adrian Finn, Manager of Process Technology, Costain Natural Resources, UK.

This book does an excellent job of describing the fundamental handling of
natural gas from the wellhead to the consumer. I particularly found the
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segment on natural gas liquids recovery most informative. I plan to make this
very informative publication available to my employees as an excellent
training tool as well.

Randy Johnson, Operations Manager, LNG, Energy Transfer, USA.

Must have book for anyone in the Gas Processing Industry. The authors did an

incredible job at covering the process dynamics and introducing control

theories for optimal operation. Absolutely enjoyed the descriptive nature of
the chapters without compromising technical details.

Cesar A. Felizzola, Process Control Engineer, South Region Engineering,

DCP Midstream, USA.

This comprehensive book provides in-depth coverage of all technical aspects
of natural gas transmission and processing, beyond those addressed in other
books. This is a “must addition” to library of anyone working in the
midstream and downstream sectors of natural gas utilization to achieve
higher career goals. I commend the authors’ continuous effort to make it an
excellent source book for all professionals, engineers, and scientists in the

natural gas industry.
Dr Suresh C. Sharma, ONEOK Chair Professor and Director of Natural Gas
Engineering and Management, University of Oklahoma, USA.

This comprehensive book provides a state-of-the-art treatment of the different
aspects of natural gas transmission and processing from the fundamental
principles to the latest technology developments. It is a unique reference for
all professionals involved in natural gas industry and an excellent textbook
Jor graduate programs on the subject.
Dr Valerio Cozzani, Professor of Chemical Engineering and Director of Post-
Graduate Program on 0il & Gas Process Design, University of Bologna, Italy.

This unique handbook, written by internationally renowned gas-engineering
experts, is a major contribution to the professional and scholarly literature,
offering an excellent coverage of key topics in the natural gas supply chain.
It addresses the principles, practices, advanced technologies, new issues
and challenges related to the natural gas transmission and processing
industry, which have not been addressed in depth in any existing books.
I recommend it highly, as a reference and textbook.
Dr Brian F. Towler, Professor and Chair of Petroleum Engineering,
University of Queensland, Australia.
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