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Preface

The world population is increasing dramatically; fossil fuels are finite, and
farmland as well as pastureland is limited or even declining. Therefore, the
question of how to supply mankind not just with raw materials, fuels and energy,
but also with food has been a topic of importance to the scientific community for a
long time. The discussion has even intensified since “The Limits to Growth” was
published by the Club of Rome, since climate conferences (Montreal 2005 etc.)
have taken place, and especially since Germany’s nuclear power phase-out.

The pioneer of petrochemistry in research and teaching, Friedrich Asinger from
RWTH in Aachen, Germany, very early drew attention on to the waste of fossil
fuels and proposed alternative concepts to secure raw material supply for the
chemical and energy industry. In his book, published in 1986, he recommended
methanol as a suitable basic chemical that can be easily stored and used as fuel or a
fuel additive, as well as a chemical or energy raw material. He worked on this
book without any help. He searched for, found and selected (and commented on)
every citation completely on his own. With his book’s subtitle “The Mobilisation
of Coal” he indicated a medium-term solution—doing without oil and gas as fuels
in the shortest possible timeframe. He also developed visions for a time after coal,
oil and gas.

When all fossil fuel sources are exhausted, only CO, will be left (in the
atmosphere and in the oceans) and—up to a point—Biomass.

Because Asinger’s book is out of print and has never been translated into
English, and because the issue of methanol as a chemical and energy feedstock
is—now more than ever—a “hot topic”, the time for a new book (in memory of
Asinger, in a broad sense) has come.

Heribert Offermanns, a former student and assistant to Friedrich Asinger, took
the initiative to gather a team of five editors—four of them with industrial expe-
rience and one who is professor at Freiberg University of Mining and Technol-
ogy—with the aim of publishing a second revised edition that comprehensively
documents the latest state of development in the field of methanol generation and
usage. Also playing an active part in authoring this book, the editors succeeded in
finding 46 well known experts from industry, academia and governmental research
facilities as authors for the new edition.



vi Preface

The book is divided into a general and a more specific part. The general part
begins with Asinger’s vita, a short history of methanol and its present importance,
as well as visions for the future beyond oil and gas: “Fossil Raw Materials—What
Comes Next?” by Willi Keim, Aachen and “Technical Photosynthesis” by Franz
X. Effenberger, Stuttgart. The extensive specific part, with contributions from the
respective experts, provides information on the raw materials and their condi-
tioning for methanol synthesis, as well as methanol synthesis itself. New topics
include the physical and toxicological properties and issues of transport and
storage. Methanol use as fuel and energy feedstock is addressed, as is its potential
as an oil and gas substitute and as chemical feedstock. The book comprises eight
chapters, and the number of literature citations exceeds 3,000. In particular,
Chap. 4 (dealing with methanol feedstock and its conditioning) and Chap. 6
(methanol use) were substantially extended in comparison to the “old” Asinger.
Of special value is access to the 1,400 references of the “Asinger” of 1986.

Martin Bertau
Heribert Offermanns
Ludolf Plass

Friedrich Schmidt
Hans-Jiirgen Wernicke
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Chapter 1
Introduction

1.1 From Raw Materials to Methanol, Chemicals
and Fuels

Heribert Offermanns, Ludolf Plass and Martin Bertau

The planet Earth is a sphere with a limited surface of 5 x 10'* m?, of which 71 %
is water and only 29 % is land. A total of 27.5 % of the landmass (i.e. 11 % of
earth’s surface) is used as arable acreage, 20.8 % as pasture and 9.4 % is used to
grow timber. The remaining surface, which mainly is made up of deserts and
mountains, is unused: 10.1 % is a frozen surface and 2.0 % is inland water.
Meanwhile, the human population requires not less than 7 % of the land—a
number that is constantly growing at the expense of the arable landmass. In fact,
the usable area has been diminishing for years.

Carbon is the 13th most common element. It is found in nature in the form of
diamonds and graphite and it is chemically bound as CO,, carbonate, natural gas,
crude oil, coal, or biomass. However, carbon is highly unequally distributed in the
earth’s upper crust. Approximately 50,000,000 Gt (99.92 %) of carbon is fixed
in the earth’s crust, chiefly as carbonate rock. Only approximately 40,000 Gt
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Fig. 1.1 Carbon distribution in the earth’s crust. (Adapted from [3])

—a meager 0.08 %—is near the surface. The fact that 79 % of this latter amount is
abundant as hydrogen carbonate and carbonate in water underscores the scarcity of
economically exploitable carbon [1, 2]. Taking all this into account, one will
inevitably come to the conclusion that the fraction of technically recoverable
carbon is exceedingly rare but enriched in large-scale deposits (Fig. 1.1).

All natural carbon sources are exhaustible, but nature produces gargantuan
amounts of renewable primary recourses. By means of photosynthesis, plants
produce carbohydrates from atmospheric CO,, sunlight and water. To a smaller
extent, proteins and vegetable oils are also produced. The yearly production of
biomass is estimated according to the U.S. Department of Energy (2005) to be
approximately 150 Mt. Humans stand admiring this incredible performance while
trying to understand how nature works. According to Primo Levi (see Fig. 1.2), the
chemical leaf—technical photosynthesis—is the goal.

We use only small quantities of the long-existing and continuously accrued
biomass (~4 %) for the production of food/fuel or as chemical or energy raw
material. This usage (only 4 % human consumption) is not expected to substan-
tially increase in the future.

Unlike the global population (currently 7 billion, estimated to be 9 billion in
2050), there will be no increase in the size of the earth. Therefore, every available
acre of farmland should be prioritised for the production of food. However, there is
a concerning downward trend in arable acreage because the growing population is
consuming land for settling and concomitantly inappropriately using agricultural
land. It should be common practice to use only the biomass that cannot serve as
human nutrition as feedstock for energy and fuel, be it directly or indirectly.

Since the invention of fire, man has used biomass (wood) for heating. Wood
used to play a considerable role in methanol production (wood alcohol), acetic acid
(wood vinegar) and acetone. Also, hard coal and lignite have been (and are still) in
use as feedstock for chemicals and energy. For instance, aromatics from tar dis-
tillation—a byproduct of coke production—served as raw materials for the pro-
duction of dyes (I.G. Farben).



