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Preface

We are delighted to write a foreword to this exciting book which presents the
results of a comprehensive investigation into the catalytic combustion of natural
gas as a near zero emissions technology for potential use in domestic boilers. Cat-
alytic combustion has been known since 1818, the year in which Sir Humphrey
Davies observed that coal-gas and oxygen were able to sustain a combustion reac-
tion on a platinum wire in the absence of a flame, giving off thermal radiation
from the wire in its place. The advantage of burning gaseous fuels completely,
that is, without forming carbon monoxide or leaving fuel unreacted, and flame-
lessly in a large excess of air, and at temperatures below the threshold of nitrogen
oxides formation, has been exploited in many combustion applications since the
1970s. The technology showed a slow uptake in commercialisation due to the high
cost and limited lifetime of the supported noble metal catalysts required for the
catalytic oxidation reactions, the comparatively low cost of competing convention-
al combustion burners, and the then lenient legislation on NO,, CO and unburnt
hydrocarbon emissions. But as the decades passed, the stability and costs of the
materials for catalytic combustion improved enormously, often benefiting from
the knowledge gained from the related technology of the catalytic oxidation for
motor vehicle exhausts converters, as well as improvements in catalyst manufac-
ture processes. With growing concerns over both urban and indoor air quality, in-
creases in population in many parts of the world and fast growing economies re-
sulting in increased demands in heat and power from the industry, commercial
and domestic sectors, the more mature catalytic combustion becomes attractive to
the environmentally conscious countries and legislators. In addition, the combus-
tion and thermal efficiencies of the fuel-lean catalytic burners are larger than those
of conventional combustion, offering a low-carbon energy technology in addition
to its zero emission claims, potentially helping countries fulfilling their wish to
reduce carbon emissions. To date, commercial catalytic burners or combustors
can be found in space heaters, process heaters, gas turbines, cookers, and water
heaters, and many handheld small-scale heating devices such as cordless hair dry-

ers, or hand warmers. Most large natural gas distributor companies as well as gas
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turbine manufacturers have a significant programme of research into catalytic combus-
tion. Catalytic burners are also able to burn most hydrocarbon gaseous fuels, with little
sensitivity to their sulphur content as long as the combustion temperature is above ap-
proximately 800°C where the sulphur oxides no longer bind to the surface and cannot
poison it. This book presents the results of fundamental research carried out by the au-
thors in the department of Fuel and Energy at Leeds University, UK, and continued
later on with a practical applications approach in the Thermal Fluids Division of the Bei-
jing University of Civil Engineering and Architecture (BUCEA). This is reflected in the
early chapters authored by the Leeds team, which relied heavily on Dr S. -H. Zhang’
s PhD thesis work on honeycomb platinum and palladium coated monolithic catalytic
burners, and the later chapters authored by the BUCEA team, when Dr Zhang returned
upon completion of her thesis and set out to incorporate catalytic burners in domestic
water heaters and investigate their thermal efficiency, zero pollutant claims, and per-
haps most importantly their stability and longevity, without which its commercialisation
could not be envisaged. It is a considerable feat of dynamism that Dr Zhang has been a-
ble to communicate her knowledge, enthusiasm and faith for this technology to the re-
maining authors of the BSCA team, resulting over the years, in the long term demon-
stration of several catalytic burners in a domestic boiler setting, certified with zero pol-
lutant emissions. We are proud of having contributed to the foundations of this feat and
by the publication of this book, we would hope to increase the number of converts to

the clean technology of catalytic combustion.

Dr. Valerie Dupont

(PhD Leeds University,

INSA Lyon Energy Engineering,

member of The Combustion Institute, member of the American Chemical Society)

Ao,

Professor Alan Williams

(Commander of the British Empire-CBE,

Fellow of the Royal Academy of Engineering-FREng,

BSc, PhD (Leeds), CEng, CChem, FRSC, FEI, FIGEM, FRSA)
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