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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 CO2 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.
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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-Jürgen Wernicke
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HTAS Haldor Topsoe A/S, Lyngby/DK
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HYSOLAR Hydrogen from Solar Energy (project led by Deutsches
Zentrum für Luft- & Raumfahrt e.V.)

DH, DHR Enthalpy of reaction
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DvH Heat of evaporation
ICIS Independent Chemical Information Service (a business
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M15 Gasoline based blended fuel containing 15 % of methanol

plus solubility enhancers
M85 Gasoline based blended fuel containing 85 % of methanol

plus solubility enhancers
M100 Blended fuel consisting of *90 % methanol and *10 %

hydrocarbons plus solubility enhancers
m3 (STP) cubic metre at standard temperature and pressure

(273.15 K, 100 kPa)
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MA Methyl acetate
MAC Maximum allowable concentration
MAN Maschinenfabrik Augsburg Nürnberg
MARS Metal ash recovery system
MCFC Molten carbonate fuel cell
MDEA Methyldiethanolamine
MDI Methylene diphenyl diisocyanate
MEA Monoethanolamine
MEK Methylethylketone
MeOH Methanol
MESG Maximum experimental safe gap
METHAPU Methanol Auxiliary Power Unit (project consortium,

on-board fuel cells for cargo vessels)
MGC Mitsubishi Gas Chemical Co., Tokyo/J
MHI Mitsubishi Heavy Industries Ltd
MIE Minimum ignition energy
MMA Methylmethacrylate
MMBTU, MmBTU,
mmBTU

Million British thermal units (BTU or Btu)

MMO Methane monooxygenase
MOGD Mobil-Olefin-to Gasoline/Diesel (process)
MOI Mobil olefins interconversion (process)
MON Motor octane number
MP Steam Medium pressure steam
MPG Multi Purpose Gasification or Gasifier
MPa Megapascal (= 10 bar)
MRDC Mobil Research & Development Corp., Paulsboro/US
MRF Multistage radial flow (reactor)
Mt Megatonne (1 million tonnes)
Mt/a Million tonnes per year
mt metric tonne
mtpd metric tonnes per day
MTA Methanol-to-Aromatics (process)
MTBE Methyl tert-butyl ether
mt/d metric tonnes per day
MTG Methanol-to-Gasoline
MTHC Methanol-to-Hydrocarbon (process)
MTI (fuel cells) MTI Micro Inc., Albany, NY
MTO Methanol-to-Olefins
MTP Methanol-to-Propylene
MTS, MTSynfuel Methanol-to-Synfuel
MTU MTU Engines, Munich/D (Motoren- und Turbinen-Union)
MUG Make up gas (methanol process)
MWth Megawatt (thermal)
MWe Megawatt (electrical)
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MWM (test engine) Motorenwerke Mannheim/D (now Caterpillar Energy
Solutions GmbH)

NADP Nicotinamide adenine dinucleotide phosphate
NBP Net biomass production
NET Net ecosystem production
NG Natural gas
NKK Nippon Kokan K.K. (now part of JFE Group)
Nm3 standard cubic metre: m3 at standard temperature

and pressure (273.15 K, 100 kPa)
NMP N-methyl pyrrolidone
NMR Nuclear magnetic resonance
NPP Net primary production
OBATE On-board alcohole-to-ether (process)
OCP Olefin cracking process
OCV Open circuit cell voltage
OMB Opposed multiple burner (technology)
OPEX Operating expense
PAFC Phosphoric acid fuel cell
PCCsm (Exxon) Propylene catalytic cracking (technology)
PDH Propane dehydrogenation
PDU Process demonstration unit
PEMEL Proton exchange membrane electrolysis
PEMFC Polymer electrolyte membrane fuel cell
PERP (report) Process evaluation/Research planning (reports

by ChemSystems/Nexant Inc., White Plains/US
PET Polyethylene terephthalate
PF Pulverised fuel
PG Propylene glycol
PGM Platinum group metal
PHA Polyhydroxyalkanoate
PHES Pumped hydro energy system
PISI Port-injection spark ignition (engine)
PMMA Polymethylmethacrylate
POM Polyoxymethylene
POMDME Polyoxymethylene-dimethyl ether
POX Partial oxidation
PP Polypropylene
ppmv or ppmv Volume parts per million
ppmw or ppmw Weight parts per million
ppbv or ppbv Volume parts per billion
ppbw or ppbw Weight parts per billion
PSA Pressure swing adsorption
psi pound per square inch (1 psi = 0.06895 bar)
psia pound per square inch (absolute)
PV Photovoltaic
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PVA Polyvinyl alcohol
RDF Refuse-derived fuel
RE Renewable energy
RID Regulations for international carriage of dangerous goods

by rail (issued by the International Rail Transport
Committee (CIT), Bern/CH)

RITE Research Institute of Innovative Technology for the Earth,
Kyoto/J

RM Regenerative (renewable) methanol
RMFC Reformed methanol fuel cell
RON Research octane numer
R/P (static) Reserves-to-Production ratio (of fossil sources)
RuMP Ribulose monophosphate
RWGS Reverse water gas shift
RWTH Rheinisch-Westfälische Technische Hochschule, Aachen
SAPO Silico-alumino phosphate (zeolithe)
SBU Secondary building unit (in zeolites)
S/C Steam to carbon ratio
SCF, scf Standard cubic foot (at 60 degrees Fahrenheit

(15.6 degrees Celsius) and 1 atm or 101.325 kPa)
SCOT Shell Claus Off-Gas Treatment (process)
SCP Single cell protein
SCR Steam raising converter
SECA Special environmental control area
SFC SFC Energy AG, Brunnthal/D (fuel cells)
SGS Sour gas shift
SMR Steam methane reformer/reforming
SN Stoichiometric number
SNG Synthetic natural gas
SOEC Solid oxide electrolysis cell
SOFC Solid oxide fuel cell
SRK Soave–Redlich–Kwong (equation)
SSZ zeolite with chabazite structure
STD Syngas-to-Dimethyl ether
STP Standard temperature (273.15 K) and pressure (100 kPa or

1 bar)
STS Syngas-to-Fuel
STY Space-time-yield
SVZ (former) Sekundärrohstoff-Verwertungszentrum Schwarze

Pumpe, Spremberg/D
SWS Sour water stripper
t, tonne metric tonne
TAME tert-Amyl methylether
TBA tert-Butyl alcohol
TEA Triethanolamine
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TCC Tube cooled converter (Davy Process Technology)
TCE Total capital employed
tcf Trillion cubic feet
tcm Trillion cubic metre
TDG Transport of dangerous goods (regulations by UNECE)
TGT Tail gas treatment
THF Tetrahydrofurane
TIC Total installed costs
TIGAS Topsoe’s integrated gasoline synthesis

(Haldor Topsoe A/S, Lyngby/DK)
TON turn-over-number (moles of substrate per mole

of catalyst before being deactivated)
TOS Time-on-stream
tpd (metric) tonnes per day
TRBS ‘‘Technische Regeln für Betriebssicherheit’’

(Bundesanstalt für Arbeitsschutz und
Arbeitsmedizin Federal Institute for
Occupational Safety and Health, Dortmund/D)

TRGS ‘‘Technische Regeln für Gefahrstoffe’’ (Bundesanstalt für
Arbeitsschutz und Arbeitsmedizin/Federal Institute for
Occupational Safety and Health, Dortmund/D)

UCC Union Carbide Corp., Danbury/US (affiliate of Dow
Chemical)

UEL Upper explosion limit
VAM Vinyl acetate monomer
WCR Water cooled reactor
WGS Water gas shift
WHB Waste heat boiler
WHSV Weight hourly space velocity (weight/weight � hour)
W/m2 Heat flux (Watt per m2)
WTY Weight-time-yield
XTL x -to -liquids (x = fossil or biomass feeds)
Xu5P Xylulose-5-phosphate
ZBT Zentrum für BrennstoffzellenTechnik GmbH,

Duisburg/D (fuel cells)
ZnTPPS Zinc tetraphenylporphyrin tetrasulphonate
ZSM Zeolite Socony Mobil (class of zeolites)
ZSW Zentrum für Sonnenenergie- und Wasserstoff-Forschung

(ZSW) Baden-Württemberg, Stuttgart/D
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Chapter 1
Introduction

Heribert Offermanns, Ludolf Plass, Martin Bertau and Ringo Heyde

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 9 1013 m2, 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 CO2, 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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—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 CO2, 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).

Fig. 1.1 Carbon distribution in the earth’s crust. (Adapted from [3])

2 H. Offermanns et al.


