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George Andrew Olah 
 
Distinguished Professor of Chemistry and 
Chemical Engineering and Materials Science and 
Donald P. and Katherine B. Loker Chair in Organic 
Chemistry. 
 
 
One of the world's preeminent scholars of 
hydrocarbon chemistry, Professor George Olah 
received the 1994 Nobel Prize in Chemistry for 
groundbreaking work on superacids and his 
observations of carbocations. 
 
 
His most recent research centers on the 
conversion of greenhouse gases into useful fuels 
and products. Olah is working to develop new, 
cleaner and renewable fuels, based on methanol 
and he launched the Methanol Economy Concept. 
 
 
Nobel Laureate Prof. Olah is an honorary member 
of Danish Methanol Association. 
 

 
 
 Danish Methanol Association 

 
Danish Methanol Association share Professor Olah's vision of a methanol economy as presented 
in his book "Beyond Oil and Gas: The Methanol Economy" and we have the overall objective to 
implement a methanol economy in Denmark. 
 
More specifically a concrete goal is to pave the way for industrial production of methanol in 
Denmark – (1) partly based on agricultural waste and (2) partly by recycling carbon dioxide in 
power plant smoke. 
 

1. Agricultural waste is gasified and the generated syngas is converted into methanol. The 
approach builds on proven technology and our model is VärmlandsMetanol AB in 
Sweden who right now (2011) has begun plant construction. 

 
2. The elegant and ultimate method is, however, to reduce carbon dioxide in power plant 

smoke using hydrogen made from water with wind power. As an example serves the 
plant Carbon Recycling International these days (2011) is putting into operation in 
Iceland. 

 
Although the specific projects mentioned can be realized on proven technology, there is need for 
research and development to promote Danish interests. We therefore encourage Danish research 
efforts for the production and use of methanol. 
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INTRODUCTION 
 
METHANOL – AN IDEAL ENERGY CARRIER 
 
Any energy source can be converted into 
methanol - be it coal, natural gas, 
biomass, etc. Methanol, however, is not a 
basic energy source in itself - it acts just 
as an energy carrier and can be made 
from many sources and by many process 
routes. Since it is easy and safe to store 
and handle it is an ideal replacement for 
gasoline. It is true that it has only half the 
calorific value, but because of a high 
octane number the mileage per litre is 
more or less the same as for gasoline 
(The Research Octane Number (RON) is 
109). Synonyms for Methanol: Methyl 
alcohol, wood alcohol, wood naphtha or 
wood spirits. 
 

 
Fuel 

HHV 
MJ/kg 

LHV 
MJ/kg 

Density 
g/cm3 

Methanol 22,9 20,1 0,794 
Dimethyl ether (DME) 31,7 28,9 0,665 
Ethanol 29,8 27,0 0,789 
Gasoline, conventional 44,9 44,9 0,745 
Diesel, conventional 46,5 43,4 0,837 
Diesel, Fisher-Tropsch 45,5 43,2 0,797 

Source: GREET Transportation Fuel Cycle Analysis Model. 
HHV = Higher Heating Value. LHV = Lower Heating Value 
 
The world still has significant amounts of 
fossils fuels, but the dwindling amounts of 
oil makes it essential to find a 
replacement. Because 60% of all oil 
produced is used for transportation we 
have an energy carrier problem - not an 
energy problem - and here methanol is a 
welcome replacement.  
 
It is far easier and safer than any other 
alternative – hydrogen, electric batteries 
etc.  
 
… and it is clean!  
 
 
 

CHEMISTRY 
 
Methanol is the simplest of alcohols. It is 
a light, volatile, colorless, flammable 
liquid with a density of 0.794 g•cm-3 and a 
boiling point of 65 °C. Methanol burns in 
air forming carbon dioxide and water: 
 
  2 CH3OH + 3 O2 → 2 CO2 + 4 H2O 
 
The higher heating value (HHV) 
assuming all the water is in liquid state at 
the end of combustion is 22,9 MJ/kg. The 
lower heating value (LHV) assuming that 
the latent heat of vaporization of water is 
not recovered is 20,1 MJ/kg. 
 
Methanol is toxic to humans. The 
ingestion of 25-100 ml may be fatal if not 
treated in time. Several treatments lead to 
complete recovery if timely administered. 
 
METHANOL MANUFACTURE. 
 
Steam-methane reforming or SMR is one 
of several methods.  At 40 bar and 
temperatures around 850 °C the methane 
component in natural gas reacts with 
steam on a nickel catalyst to produce 
syngas in an endothermic reaction: 
  
  CH4 + H2O → CO + 3 H2 
 
Methane can also undergo partial 
oxidation with oxygen to produce syngas 
in an exothermic reaction: 
 
  2 CH4 + O2 → 2 CO + 4 H2 
 
When the two processes are combined, it 
is referred to as autothermal reforming.  
 
The ratio of CO and H2 can be adjusted 
by the water-gas shift reaction in order to 
provide the appropriate stoichiometry for 
methanol synthesis: 
 
  CO + H2O → CO2 + H2 
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The syngas (carbon monoxide and 
hydrogen) then react on a second 
catalyst to produce methanol. A widely 
used catalyst is a mixture of copper, zinc 
oxide, and alumina. At 50–100 bar and 
250 °C it can catalyse the production of 
methanol from carbon monoxide and 
hydrogen: 
 
  CO + 2 H2 → CH3OH 
 
The excess hydrogen in the syngas is 
utilized by injecting carbon dioxide into 
the methanol synthesis reactor, where it 
reacts to form methanol: 
 
  CO2 + 3 H2 → CH3OH + H2O 
 
Natural gas is the most economical and 
widely used feedstock for methanol 
production, but other feedstock’s can be 
used as well to produce syngas via steam 
reforming. In China, coal is the dominant 
feedstock. Also, existing technology for 
biomass gasification to syngas is 
industrially matured.  
 
Most elegantly methanol can be produced 
from carbon dioxide by catalytic 
hydrogenation with hydrogen obtained 
from water electrolysis with electrical 
power from renewable energy sources 
such as wind, hydroelectricity and solar.  
 
In effect, all of them allow free energy to 
be stored in easily transportable 
methanol:  
 
  CO2 + 3H2 → CH3OH + H2O 
 
The necessary carbon dioxide raw 
material would be captured from industrial 
flue gases from electrical power plants, 
cement factories and district heating 
plants. Eventually the CO2 content in the 
air could be captured. This process is 
actually copying nature’s photosynthesis. 

DIMETHYL ETHER (DME) 
 
By methanol dehydration in the presence 
of catalyst dimethyl ether (DME) is 
produced.  
 
  2 CH3OH → CH3OCH3 + H2O 
 
Alternatively, DME can be produced by a 
one-step synthesis, using a dual catalyst 
system that permits both methanol 
synthesis and dehydration in the same 
process unit.  Both processes are 
commercially available.  
 

 
The Volvo Group has unveiled its first truck equipped 
with a DME (dimethyl ether) engine and regards DME 
as one of the most efficient renewable fuels with 
extremely low exhaust emissions. 
 
DME is the simplest of ethers, a 
colourless gas with boiling point −23.6 °C; 
ideal as a substitute for propane in LPG 
(Liquefied Petroleum Gas). DME is also 
an excellent fuel in diesel engines owing 
to its high cetane number (55). Only 
moderate modification is needed to run a 
diesel engine on DME. 
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RAW MATERIALS 
 
Worldwide, over 90 methanol plants have 
the capacity to produce over 50 million 
tons of methanol annually. The traditional 
feedstock is natural gas, but this is being 
replaced by coal due to the explosive 
growth in the coal based Chineese 
methanol production.  
 
Both coal and natural gas is releasing the 
greenhouse gas carbon dioxide, so this 
route is not acceptable. More carbon 
dioxide neutral raw materials like biomass 
must be used.  
 
BIOMASS AS RAW MATERIAL.  
 
Biomass, a renewable energy source, is 
biological material such as agricultural 
residues, forest residues, household 
waste etc. 

 
Fluidized bed gasifier for the High-Temperature 
Winkler (HTW) process particular suited for bio-
masses, such as straw, wood, peat and even household 
waste.  

DANISH RAWMATERIALS 
 
Available biomass 

in Denmark 
Energy 

PJ 
as is 

approx. t 

Methanol 
equivalent 
approx. t 

Straw, 85% DM 55 3.500.000 1.500.000 

Wood, 55% DM 40 3.500.000 1.000.000 

Other, 80% DM 70 5.000.000 1.500.000 

Total 165 12.000.000 4.000.000 
       Source: Danish Energy Agency.  
       1 PJ (petajoule) = 277.777.778 kWh 
 
Theoretically a fluidized bed gasifier may 
turn 60% biomass energy into methanol 
and 40% into heat available for district 
heating. 
 
In comparison the annual Danish motor 
fuel consumption is roughly 5 million m3 
(~200 PJ) – half gasoline and half diesel. 
 
A blend of all gasoline with 10% methanol 
(M10) requires 200.000 t (5 PJ) methanol. 
Less than a quarter of available straw is 
sufficient to cover present target 
replacement of gasoline with methanol. A 
similar quantity of DME will cover 10% of 
diesel as well. 
 
CARBON DIOXIDE AS RAW MATERIAL. 
 
Carbon dioxide is easily captured from 
flue gas. Oxygen combustion improves 
the capture.  
 
The limiting resource is electricity for 
splitting water in oxygen and hydrogen. 
Only the use of electricity from 
renewables makes sense. 
 
In Denmark it is obvious to take wind 
power from our growing number of wind 
mills – often with power in excess of 
actual needs.  
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VÄRMLANDSMETANOL AB  
 
VärmlandsMetanol AB, Hagfors, Sweden 
has begun construction of a factory that 
will convert forest waste into methanol. 
The plant can handle 45 tonnes of wood 
chips per hour and annual production is 
100,000 tonnes of methanol. Moreover, 
15 MW of waste heat is generated, which 
largely covers Hagfors' needs for district 
heating. 
  
The investment is in the range of SEK 3 
billion and the plant will break even at a 
methanol price around SEK 3.40 per l 
methanol (~ EUR 0,48/kg). 

 
The syngas (Product Gas) is synthesized to methanol 
and the crude methanol is refined to fuel standard. 

 

A DANISH COPY 
 
Although the Swedish factory is 
pioneering conversion of forest waste into 
methanol it is, however, built on proven 
technology.  
 

 
Photomontage of VärmlandsMetanol AB with Hagfors 
in the background. 
 
A similar plant in Denmark is of course 
based on agricultural waste such as straw 
supplemented with available waste of 
other origin. 250-300.000 t straw per year 
is all it takes to supply a factory that size. 
 
Theoretically, our current consumption of 
petrol and diesel may be replaced by 
methanol and DME respectively, 
produced from existing quantities of 
biomass, if everything could be collected. 
 
 According to proposal amending Directive 

98/70/EC, ANNEX V, ENVIRONMENTAL 
SPECIFICATIONS FOR MARKET FUELS TO 
BE USED FOR VEHICLES EQUIPPED WITH 
POSITIVE-IGNITION ENGINES is maximum 
limits for methanol unchanged 3% and ethanol 
increased from 5% to10 %v/v. 
 
The European Committee for Standardization 
(CEN) is a major provider of European Standards 
and technical specifications inclusive standards for 
blends of petrol and alcohols. A Nordic initiative 
towards a M10 standard has been taken. 
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Hagfors, Sweden. 
 
The VärmlandsMetanol AB factory is 
being built in a forest area near Hagfors 
city - see photo montage on opposite 
page.  
 
It will have a capacity of 400.000 litres of 
methanol per day based on 1100 t of wood 
chips. 
 
The factory is owned by a thousand 
shareholders, primarily the founder Björn 
Gillberg, Miljöcentrum, LRF, Hagfors 
municipality and many other private 
investors. 
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CARBON RECYCLING INTERNATIONAL  
 
Carbon Recycling International (CRI) has 
built a plant for recycling carbon dioxide 
in Iceland. Reduction of carbon dioxide 
occurs with hydrogen produced by the 
hydrolysis of water with electricity from 
geothermal energy.  
 

 
 
The plant is being commissioned and 
expected to be operational summer 2011. 
 

 
 

 
 
“Carbon Recycling International” was 
founded in 2006 as a joint Icelandic-
American enterprise, supported by 
academic institutions and energy 
companies, among others. 
 
It is no coincidence that the business was 
founded in 2006: the company makes a 
profit when its fuel can be sold for over 
USD 50 per barrel and oil prices passed 
USD 50 in early 2005. The current price 
of oil is more than double that amount. 
 

 
Mitsui Chemical Inc. of Japan has since 2009 operated a test 
plant (100 t methanol/year) capturing carbon dioxide from 
their own flue gas and reduced it to methanol. The hydrogen 
is made with electricity from solar panels. 
 
CARBON RECYCLING IN DENMARK  
 
In Denmark we will use excess wind 
power to generate the hydrogen and 
capture the carbon dioxide from power 
plant exhaust. 
 
Our potential annual national renewable 
energy resources are in excess of 1.500 
PJ, which can be compared to present 
energy consumption of 830 PJ. The major 
resource is wind, which alone represents 
more than 1.200 PJ.  
(Source: Energy 2050, Energinet.dk). 
 
Most of the potential renewable energy 
resources are fluctuating and methanol 
can help to smooth out.  
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Iceland is known for its geothermal 
energy. 
 
The Industrial Scale Plant, named 
The George Olah Renewable 
Methanol Plant at 5 million liters of 
Renewable Methanol to be 
operational in 2011 is located on  
Svartsengi close to HS Orka power 
station. 
 
A Commercial Scale Plant at 100 
million litres is planned for end of 
2013 under cooperation with the 
Municipality of Grindavik and HS 
Orka. 
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MARKET & ECONOMY 
 
World's largest methanol producer 
Methanex publishes daily price of 
methanol. 
 

 
 
This methanol, however, is produced 
from natural gas and does therefore not 
compete with biomethanol made from 
biomass or by recycling carbon dioxide. 

 
Practically any petrol based product can be made from 
methanol instead. 

BIO-ETHANOL IS THE ONLY COMPETITOR. 

Sources: CEPEA [Brazilian sugarcane ethanol prices]; 
USDA-AMS [Corn ethanol prices]; UNICA [Transportation 
costs= $0.15/gal for Brazilian ethanol, $0.10/gal for U.S. 
ethanol]. Prices are US$ per gallon. $2.81/gal ~ EUR 0,65/kg. 

 

Currently, bio-methanol is not on the 
market. Only significant competitor is bio-
ethanol. (Price fuel grade ethanol T1 as per January 2011 
according to Platts: EUR 480/t FOB Rotterdam). 
 

 
 
Yield of methanol by gasification of 
biomass calculated on dry matter vary 
little from type to type. 1 t biomass dry 
matter yields around 520 kg of methanol 
whether the starting point is straw or 
wood. 
 
It is different with ethanol produced by 
fermentation. Highest yield obtained with 
pine is 240 kg of ethanol per tonne dry 
wood against 160 kg of ethanol per tonne 
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of dry straw. This gives ethanol 
production cost of SEK 3.17/kg (EUR 
0,35/kg) from pine and SEK  5.45/kg 
(EUR 0,61/kg) from straw.  
(Source: Flexibility in wheat bioethanol plants - Conditions 
for conversion to lignocellulosic feedstock by Hanna Nilsson, 
Department of Chemical Engineering, Lund University, 
March 2008). 
 
VärmlandsMetanol AB breaks even at 
SEK 4.30/kg (EUR 0,48/kg) methanol. 
 
Bioethanol is fermented starch / sugar 
food crops. New enzymes make it 
possible to produce "second generation" 
bio-ethanol based on the cellulosic parts 
of the plants and moving so the 
competition for raw materials from food to 
bio-methanol. There may be more 
competition for raw materials in the 
future. Also power stations are interested 
in straw direct combustion.  
 
Flue gas is, however, deadly. Centre for 
Energy, Environment and Health reports 
that 3400 Danes die annually because of 
air pollution. In Denmark, air pollution 
costs society DKK 28 billion per year. 
(Source: J. Brandt et al., 2011: Assessment of Health-Cost 
Externalities of Air Pollution at the National Level using the 
EVA Model System, CEEH Scientific Report No 3, Centre 
for Energy, Environment and Health Report series, March 
2011, pp. 98.) 
 
Burning biomass is carbon dioxide 
neutral, but the pollution is extreme.  
 
The methanol route is far more flexible 
and  
…it is clean! 

 
Portable fuel cells running 
directly on methanol is on 
the market and such Direct 
Methanol Fuel Cells 
(DMFC) are being 
developed for use in electric 
vehicles. DMFC makes the 
car independent of an 
electrical outlet and requires 
only small batteries. 

 
 
The world is currently consuming about 85 
million barrels of oil a day, and about two-thirds 
as much natural gas equivalent, both derived 
from non-renewable natural sources. In the 
foreseeable future, our energy needs will come 
from any available alternate source. Methanol is 
one such viable alternative, and also offers a 
convenient solution for efficient energy storage 
on a large scale. 
 
In this updated and enlarged edition, renowned 
chemists discuss in a clear and readily 
accessible manner the pros and cons of 
humankind's current main energy sources, while 
providing new ways to overcome obstacles. 
 
Following an introduction, the authors look at 
the interrelationship of fuels and energy, and at 
the extent of our non-renewable fossil fuels. 
They also discuss the hydrogen economy and its 
significant shortcomings. The main focus is on 
the conversion of CO2 from industrial as well 
as natural sources into liquid methanol and 
related DME, a diesel fuel substitute that can 
replace LNG and LPG. 

Wiley 
 

Read the full story. 
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