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OUR PLANET IS WARMING UP
and, at the same time, atmospheric CO2 concentration is increasing
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HOW DO WE KNOW ? – CURRENT CO2 CONCENTRATION

Measuring CO2 concentration is a relatively easy task because Earth 
atmosphere is well mixed within few years. Two sets of data have been most 
influential for our knowledge: those of the Mauna Loa Observatory (Hawaii) 
for the current values, and that of the Vostok Station (Antarctica) for 
historical record.
In 1959 Charles Keeling, from the Scripps Institution of Oceanography, La 
Jolla, California, started to collect air samples at Mauna Loa. At the time, 
the fate of CO2 produced by burning fossil fuels was unclear. His careful 
measurements showed, for the first time, that CO2 was accumulating in the 
atmosphere, rather than being dissolved by the oceans, or fixed by the 
plants.
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HOW DO WE KNOW ? – PAST CO2 CONCENTRATION

Past CO2 atmospheric concentrations can be measured thanks to tiny air 
bubbles trapped in ice cores extracted from Earth’s polar regions.

The most ancient and best preserved 
cores have been obtained in 
Antarctica, in some of the most 
inhospitable places in the world, such 
as the Russian Vostok Station (78°28’ 
S; 3488 m above sea level) or the 
EPICA’s Dome C (75°06’ S; 3233 m 
a.s.l.) where drilling reached a depth 
of 3270.2 m, just 5 m above 
bedrock. The retrieved core 
extended our knowledge over the last 
800,000 years of Earth’s history. 

(http://www.esf.org)
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ARE WE SURE TO HAVE UNDERSTOOD ?
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Fosil fuels reserves are huge but not unlimited: The oil peak

So, probably we can’t avoid a transition from a fossil fuels-based economy to 
another one based on different energy sources. An early use of renewables 
will save some of the (huge) fossil reserves still available, so postponing the 
transition until we’ll have developed new technologies to face it:

Eni’s  ALONG  WITH  PETROLEUM strategy.

M.K. Hubbert, 
1956
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In the long term, only Sun can provide enough energy to satisfy 
the increasing humankind's need, but most of the technologies 
for the exploitation of its energy are still not economical, nor 
can be scaled up to the necessary scale. So, to take advantage 
of solar energy, we still need major technological innovation.

In the mean time, however, a 
relatively simple (although not so 
efficient) way to exploit it is the use 
of fuels derived from biomass. By this 
approach, we rely on plant 
photosynthesis for using solar energy in 
order to produce organics, including 
fuels or raw material for them, by 
reduction of atmospheric CO2.
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WHEN ALL THAT BEGAN

“… (the) moment that gave rise to the genus Homo … stemmed from the control 
of fire and the advent of cooked meals. Cooking increased the value of our 
food. It changed … our social lives. It made us into consumers of external 
energy …, dependent on fuel.”                        R. Wrangham, Catching fire, 2009

One of the best proof of the 
controlled use of fire is still 
offered by the prehistoric site 
of Terra Amata (Nice, France), 
dated at 380,000 years b.p.
Proofs become absolutely 
unambiguous starting from ca. 
250,000 years b.p. Terra Amata in 1966 …

… and today (December 2009).
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THE HEARTHS OF TERRA AMATA

A Terra Amata hut 
according to De Lumley 

(Wikipedia)



Confidential

A more sophisticated use of biomass is to convert it into fuels.
The primary products of photosynthesis are carbohydrates which can be 
easily converted into ethanol with a technology which was basically already 
known in protohistoric ages (ca. 2,000 B.C.) as witnessed, e.g., by the Bible
(Genesis 9, 20-24) and the Odyssey (Book IX).

Noah’s drunkenness.
Michelangelo, Systine Chapel, ca. 1508-1510.

Odysseus offers wine to Polyphemus. 
Roman mosaic, villa “del Casale”, Piazza 

Armerina, Sicily, 3rd-4th century.
(images: Wikipedia)
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Many centuries later, Henry Ford proved that
ethanol is a valuable fuel for cars, largely used
today as a gasoline component, either as such or
as its ETBE (ethyl ter-butyl ether) derivative.

In 1908, Ford launched the first mass-
produced car, his Model T, designed to run on 
gasoline, kerosene or pure ethanol: “There's 
enough alcohol in one year's yield of an acre 
of potatoes to drive the machinery necessary 
to cultivate the fields for a hundred years”.

(images: Wikipedia)
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Plants are also very good at transforming 
carbohydrates into oils which can fuel Diesel 
engines, patented in 1892: “Many varieties of 
mineral and vegetable oils … have been proved 
well adapted for its use. Regions devoid of coal 
and petroleum may find abundant source of 
power in the use of this engin and some 
vegetable or nut oil”.

(Chem. Abs. 1912, 1984)

(images: Wikipedia)
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A large part of the plants biomass, however, is not so suitable as a 

raw material for ethanol or diesel fuel and, in order to take 

advantage from its energy content, you can just burn it in your 

fireplace.

The inefficient combustion of 
biomass, including dirty ones 
such as dung, still accounts for 
ca. 7% of global energy 
consumption and is used by
2,5 billions people to get warm 
and to cook food.

Alternatively, this "poor" biomass can be broken down thermally to a 
mixture of very simple molecules which, according to well-known chemistry, 
can then be reassembled to build molecules of significant interest. Such a 
mixture, mainly formed by hydrogen and carbon monoxide, is usually

referred to as synthesis gas or, briefly, syngas.
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SYNGAS PRODUCTION

 By reaction of coal with steam (reforming):
C   +   H2O   → CO   +   H2

ΔH298 K = 131 kJ/mol

 By steam reforming of hydrocarbons, either natural 
gas (mostly methane) or oil, over nickel-based 
catalysts. E.g.:

CH4 +   H2O   ↔ CO   +   3   H2

ΔH298 K = 206 kJ/mol

 By gasification of biomass (bio-syngas).
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Gasification is a thermal decomposition achieved by a careful partial 
oxidation, i.e. by a high temperature reaction with less oxygen, or air, than 
needed for complete combustion.

Reaction conditions:
 High temperature (800-1000 °C) and low pressure (1-20 bar) 

 H2/CO ratio within 0.5 and 1.8, depending on the technologies

Biomass + O2  CO + H2 +  CO2 +  H2O +  CH4

By-products: tar, char, ashes

SYNGAS FROM BIOMASS GASIFICATION
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Syngas uses and applications

M. Rudloff (Choren), XtL Summit, London, June 2011
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In Italy, the embargo which 
followed the Ethiopia invasion 
(1935-1936) caused an oil
shortage which prompted the
diffusion of cars equipped with
the gasogeno, a cumbersome
device in which wood or coal
was burnt in an O2-poor
atmosphere affording a mixture
of CO, CO2, N2, and H2. 
This mixture was a cheap fuel 
which, despite its low heat value,
could replace gasoline.
Both power and range of modified cars, however, were rather poor, and several 
stops were needed to re-charge the wood, since 2,5 kg of it provided the energy of 
just 1 l of gasoline.

(image: Wikipedia)
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Models of Italian cars equipped 
with the gasogeno.
Blue: Lancia Aprilia (ca. 1940).
Gray: Fiat 1100 “508 C” (1937-39).

(Roberto Podestà and Fernando Disimone)
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HYDROGEN

 > 95% produced by reforming of methane, oil, or coal
(roughly, 50, 30, and 20%, respectively), followed by the
Water Gas Shift reaction:

CO   +   H2O   ↔ CO2 +   H2
ΔH298 K = -41 kJ/mol

 Mostly used in refineries for the production of
high quality fuels with reduced environmental
impact (desulfurization, dearomatization, etc.).

 Also used for numberless chemical syntheses,
including those of methanol and ammonia.

The Italian chemist and 
physician Felice Fontana 

(1730-1805), usually credited 
for the discovery of the
water gas shift reaction.
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METHANOL - 1

CO   +   2   H2 ↔ CH3OH ΔH300 K = -91 kJ/mol

 An equilibrium limited reaction, favoured by low temperature and high 
pressure

 Commercial processes run at 230-270 °C and 50-100 atm

 CO2 can also be used as a feed with hydrogen-rich syngas
(e.g., produced from methane):

CO2 +   3   H2 ↔ CH3OH   +   H2O ΔH300 K = -49 kJ/mol

 Global production capacity: 64 Mt/y (2008)
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METHANOL - 2

More than 70% of methanol transformed into:

 formaldehyde (used in adhesives for the manufacture of construction
board, accounts for 34% of methanol demand);

 methyl tert-butyl ether (MTBE, a gasoline additive; 13% of the methanol
market);

 acetic acid and anhydride (10% of methanol demand. Acetic acid, produced
by methanol carbonylation, is mainly required for manufacturing vinyl
acetate monomer or as solvent in terephthalic acid synthesis);

 methyl metacrylate;

 dimethyl terephthalate.

Remaining 30% of methanol is used in refrigeration systems, as
an antifreeze, as an inhibitor of hydrates formation in natural gas

pipelines, as an absorber in gas scrubbers, or as a solvent.
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METHANOL - 3

Methanol can also be easily dehydrated to dimethyl ether (DME), a chemical 
with a good potential as a fuel to be used in power generation and as blending 
or substitute of LPG or even diesel, due to its very high cetane properties 
and the very low boiling point (-25ºC) which provides fast fuel/air mixing, 
reduced ignition delay and excellent cold starting properties.

MTO (Methanol To Olefins) and related technologies (MTG: Methanol To 
Gasoline) also offer routes to transform methanol and DME into gasoline.
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THE HYDROFORMYLATION REACTION

RCH=CHR   +   CO   +   H2 → RCH2-CH(R)-CHO

 Catalysed by cobalt carbonyls or rhodium complexes

 Terminal olefins afford two isomeric aldehydes,

linear and branched:

CH3-CH=CH2 +   CO   +   H2 → CH3-CH2-CH2-CHO   +   CH3-CH(CHO)-CH3

 Main hydroformylation products are linear butyraldehyde (from propene; mostly 

used to produce 2-ethylhexanol) and mixtures of C12-C15 aldehydes (from C11-

C14 olefins; intermediates in the producton of surfactants for detergency). 

Worldwide capacity for hydroformylation products (late ‘990s): 6.5 Mt/y

Otto Roelen
(1897-1993), 

discoverer of 
hydroformylation
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AMMONIA

N2 +   3   H2 → 2   NH3 ΔH298 K = -46 kJ/molNH3

 A major product of chemical industry: ca. 1,6% of the world consumption of 
fossil energy used for ammonia production (119 Mt in 2005)

 Basically, still the original Haber-Bosch process (1913): 100-250 bar,
350-550 °C

Ammonia is the ultimate source of any single
nitrogen atom in industrially produced chemicals
(plastics, fibers, explosives, intermediates,
etc.). Most important is its consumption for the
production of fertilizers, particularly, urea.

Fritz  Haber (1868 – 1934; Nobel laureate 1918) 
invented the process; Karl Bosch (1874-1940; Nobel 

laureate 1931) provided the necessary enginnering skills.

Fritz Haber Karl Bosch
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UREA

2   NH3 +   CO2 ↔ H2N-COO- NH4
+ ↔ H2NCONH2 +   H2O

 185-190 °C; 150-220 bar; almost quantitative yield.

 Ca. two-fifths of world’s people rely, particularly in less developed 

countries, on urea for food supply.

 330 plants worldwide; 86 Mt/y, 54% in South East Asia.

When you travel in Hunan or Jiangsu, through 
the Nile delta or the manicured landscapes of 
Java, remember that the children running 
around or leading docile water buffalo got 
their body proteins, via the urea their 
parents spread on the fields, from the 
Haber-Bosch synthesis of ammonia.

V. Smil, Nature 1999, 400, 415
Fritz Haber
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THE FISCHER-TROPSCH PROCESSES

n  CO  +  (2n+1)  H2 → CnH2n+2 +  n  H2O
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CO  +  2  H2 → -CH2- +  H2O ΔH°298 = ca. -150 kJ/molCO

Prof. Franz Fischer Dr. Hans TropschProf. Franz FischerProf. Franz Fischer Dr. Hans TropschDr. Hans Tropsch
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syngas liquid fuels

FT
Gasification

GtL

CtL:   Coal to Liquids

GtL: Gas to Liquids

BtL:   Biomass to Liquids

WtL: Waste to liquids

XtL: Something to Liquids
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M. Rudloff (Choren), XtL Summit, London, June 2011
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M. Rudloff (Choren), XtL Summit, London, June 2011
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 The FT reaction is a sort of polymerization, with an initial adsorption step
followed by chain initiation, chain growth (via a surface-methylene species),
and finally chain growth termination.
It is largely assumed that the FT reaction starts with the adsorption
of CO on the catalyst surface, followed either by cleavage of the C-O bond of
carbon monoxide, or by its hydrogenation by adsorbed hydrogen atoms:

 This scheme can help to understand why only few metals show catalytic
activity in the FT reaction.

 Keep in mind that metal oxide formation is always possible under FT
conditions, either by dissociative CO absorption or by metal reaction with
co-produced water. So the metal oxide should be easily reduced.

FT catalysts
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 Dissociative adsorption of CO
 Oxides not reduced under

FT conditions
 Little or no H2 adsorption
 No activity in FT 

 Dissociative adsorption of CO
 Oxides reduced under FT

conditions
 Good activity in FT 

 Good H2 adsorption
 Oxides reduced under FT

conditions
 Non-dissociative adsorption of CO
 Low FT activity

 Little or no CO adsorption
 No activity in FT 

FT catalysts
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 A FT plant may require up to 1,500 t of catalyst.

Metal Abundance in Earth's crust, 
ppm

Iron 50,000
Cobalt 25
Ruthenium 0.01
Rhodium 0.005
Gold 0.004

Price, €/g
(May 2011)

n.a.
0.03
3.9
43
35

 Only metals of the first transition series (iron and cobalt) are of practical
interest in FT industrial plants.

 Several promoters can be added in order to improve the metal dispersion
(Re, Zr, Hf, Ce), its reduction (Ru, Pd, Pt, Cu), or catalyst activity
(noble metals) and selectivity (Na, K, Cs).
 SiO2, Al2O3, TiO2, or their mixtures are used as catalyst support. They also

improve the  metal dispersion and, due to their acidic sites, can affect the
reaction selectivity.

FT catalysts
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Iron-based catalysts
Cheap
Need 250 °C
Low selectivity to long-chain 
paraffins
High selectivity to olefins and 
oxygen-containing compounds
Very good WGS catalysts

Iron is a batter catalyst than cobalt for the Water Gas Shift reaction:

CO  +  H2O   → CO2 +   H2

and is preferred with syngas with low H2/CO ratio, i.e. produced from coal or 
biomass. Furthermore, iron-based catalysts are not too sensitive towards typical 
bio-syngas impurities (particularly H2S and COS) which quickly deactivate cobalt-
based ones.

On the contrary, with syngas with high H2/CO ratio (i.e., produced
from natural gas), cobalt-based catalysts are preferred.

Cobalt-based catalysts
Expensive
Active at 220-230 °C
High selectivity to long-chain 
paraffins
Low selectivity to olefins and 
oxygen-containing compounds
Low WGS activity

FT catalysts
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CAN WE FEED A FISCHER-TROPSCH PROCESS WITH CO2?

 CO2-FT is less favoured than classical FT, but still favoured since additional 
water is formed, providing the energy for CO2 conversion:

n   CO2 +   3n   H2 → CnH2n +   2n   H2O

ΔH298 = ca. - 100 kJ/molCO2

 Iron catalysts (e.g., on Al2O3) at 250 °C basically afford the same products 
of classical FT. The reaction appears to proceed through reverse WGSR

CO2 +   H2 ↔ CO   +   H2O

followed by conventional FT conversion of CO.



Confidential

 CO2-FT requires more hydrogen than classical FT and is less attractive, unless:
i) cheap hydrogen will be available, possibly without CO2 co-production, e.g. by 
water splitting promoted by sun light or by hydroelectric, wind or nuclear 
power; or
ii) reverse WGSR is substituted for the dissociation of CO2 to CO at high
temperatures (e.g. by a thermochemical solar approach), followed by a 
standard FT process.

 CO2-FT will require high temperatures to favour the reverse WGSR, but is 
less exothermic than classical FT, thus making easier the temperature control 
of the reactor. Membranes able to remove selectively water could improve the 
CO2–FT performances forcing the reverse WGSR.
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Plant in Freiberg (D) M. Deutmeyer, 6th Annual World GTL Summit, London, May 19th 2006

BtL processes: Choren

This Alpha Plant of Choren is still the 

most significant BtL realization.

However Choren discontinued its 

activity on last July.
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 Low temperature FT (~230 °C) in Slurry Bubble Column Reactor affording
high molecular weight, linear paraffins.

 850 t/a pilot plant (20 bbl/d) in the R&M refinery at Sannazzaro de’ Burgondi
(PV, Northern Italy).
 Proprietary cobalt-based

catalyst.
With syngas clean-up and

a water gas shift unit,
can be used for GtL, BtL
and CtL processes.

 Expected yield for a BtL
process is ca. 21 kg of
liquid fuels per 100 kg of
dried biomass.

XtL processes: eni-Axens
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THE THERMODYNAMIC LIMIT OF BIOMASS PRODUCTION

Plants build up their biomass through photosynthesis, a chemical factory 
based on water splitting, where oxygen is liberated and reduced coenzymes 
are formed, which reduce CO2 to carbohydrates.

This energetically uphill process exploits sunlight for the carbohydrates 
synthesis: no energy other than sunlight is required to do the job. Thus, the 
ultimate work which can be obtained by any biofuel, i.e. by any fuel derived 
from photosynthesis, is necessarily limited by the solar energy which can be 
exploited by plants. This limit holds independently from the selected crop, 
the produced biofuel, or the way it is burned in your engine.

To start the calculation of this limit, we need to know how 
much solar energy is available on the Earth surface.
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Watt per square meter

 Under the best conditions, sunlight provides not more than 250 W/m2

(or 7900 MJ/m2 x year) as a daily average.

(www.cgdev.org )
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 Sunlight, however, consists of wavelengths spanning from ultraviolet to 

infrared, whereas green plants are able to exploit only wavelengths in the

visible range, especially in the red and blue regions.

(Wikipedia)
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 Estimates of this useful part of the solar radiation (Photosynthetically Active

Radiation, PAR) span from 43 to 50% of the solar energy reaching the Earth

surface. In the following, the most favourable 50% figure will be adopted.

 The energy of 1 mole of photons (1 einstein) at the blue end of the spectrum 

(400 nm) is 71,5 kcal. The same figure for red photons (700 nm) is 40,8 kcal.

In the following, we’ll assume that the mean energy associated with sunlight is 

56 kcal/mol of photons, or 0,235 MJ/mol.

 Thus, the photons within the PAR (i.e., the photons available for photosynthesis)

are, under the best conditions:

7900 MJ/m2 x year x 0,5 / 0,235 MJ/mol = 16,8 kmol/m2 x year
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 To reduce carbon in CO2 to the oxidation state of formaldehyde, the oxidation 

state of carbon in carbohydrates, 4 electrons are needed. According to the so-

called Z scheme, 2 photons are needed for each electron, so plants need at least 

8 photons for the reduction (“fixation”) of a CO2 molecule.
(www.life.illinois.edu/govindjee/NewZScheme.jpg)
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 Thus, the maximum amount of CO2 which can be fixed is:

16,8 / 8 = 2,1 kmol/m2 x year ≈ 92,4 kg/m2 x year

 Most of the biomass produced by CO2 fixation is in form of 

polysaccharides such as cellulose and starch, (C6H10O5)n:

CO2 +   6   H2O   → -(C6H10O5)- +   6   O2 +   H2O

According to this reaction stoichiometry, 6 moles of CO2 (264 g) afford

1 mole of C6H10O5 (162 g) and the upper limit for the biomass

production can be put at around

92,4 kg/m2 x year x 162/264   ≈   57 kg/m2 x year

or 570 t/ha x year.
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Actual yields, however, are MUCH LOWER because of several reasons, e.g.:

 250 W/m2 are only available at the tropical belts, where water shortage 

prevents the growth of any crop. Furthermore, the figure assumes every day to 

be a sunny day, without taking into account the occurrence of bad weather. For 

most locations, a maximum value around 200 W/m2 is probably more safe.

 PAR probably closer to 45% of total solar radiation, rather than to 50%.

 10 photons could be needed to reduce a CO2 molecule, rather than 10.

 “Plants do not synthesize carbohydrates so we can make biofuels for our cars. 

Plants produce carbohydrate to fuel their own life processes via respiration. 

Therefore a substantial quantity of photosynthesized carbohydrate is 

metabolized by the plants to support their own life”. 
(W.J. Pietro, J. Chem. Ed. 2009, 86, 579)
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Giant reed
Arundo donax
25-50 t/ha x year

Switchgrass
Panicum virgatum
15-20 t/ha x year

Miscanthus
Miscanthus sp.
15-40 t/ha x year

Sugar cane
Saccharum sp.
45-81 t/ha x year

Sorghum
Sorghum bicolor
25-40 t/ha x year

Sunflower
Helianthus annuus
15-18 t/ha x year

So, is the thermodynamic limit of any practical relevance?

Not so for terrestrial crops …
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Adapted from "Algae fuel", Wikipedia, English 

version (accessed September 9, 2009)

Valcent Products Inc. claims that "algae can 

produce 100,000 gallons of oil per acre" per 

year …. This relies on growing the algae in an 

entirely closed loop system. More recently, 

Valcent claimed 150,000 US gallons may be 

possible; its most recent actual reported 

yields could reach 33,000 gallons per acre per 

year (……) if they could achieve their yields 

with an algal species having 50% lipids.

… but things are quite different for microalgae:
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Assuming that the oil has a density of 0.9 g/cm3 and accounts for 70% of the 
dry biomass, we have that (1 U.S. gallon = 3,785 l; 1 acre = 4047 m2):

100,000 gallons/acre x y-1 require 1200 t (dry matter)/ha x y-1

150,000 gallons/acre x y-1 require 1800 t (dry matter)/ha x y-1

33,000 gallons/acre x y-1 (50%) require 555 t (dry matter)/ha x y-1

Not surprisingly, no mention of these
claims can be still found in Wikipedia,
nor in the Company site
(http://www.valcent.net/s/Home.asp).
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COMPANY CLAIM Calculated 
productivity

Algae Link
13,3 ha would 
provide 75 t/d of 
dry matter. 

2058 t/ha x y

Biofuels Systems

A bioreactor 8 m 
high (Φ 0,7 m) would 
provide 1 t of dry 
matter per year; one 
reactor per 10 m2.

1000 t/ha x y

PetroAlgae 237 t of algae per 
acre per year 586 t/ha x y

Beyond the limit: other examples of impossible claims
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A POSSIBLE SCENARIO FOR A BtL PLANT

 FT plants are expensive. Integrated BtL plants will be even more expensive,
since they also require the gasifier and the syngas purification train: their
capital cost is typically 60% higher than that of an equivalent GtL plant.

 Huge plants allow significant savings: the optimum size for a FT-BtL plant is
15.000-30.000 bpd (barrels per day), or 750-1500 kt/y (H. Boerrigter,
Energy Research Centre of Netherlands, May 2006).

 Possible scenario for a BtL plant exploiting giant reed (Arundo donax):
Radius of production area 20 km
Production area 1,257 km2 (125,700 ha)
Dry biomass productivity 40 t/ha x y
Harvesting efficiency 0.8
Dry biomass heat value 17.4 GJ/t
Process energy efficiency 0.3
Diesel fuel heat value 37.8 GJ/t
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Results of calculations:

Biomass production 5.03 Mt/y

Harvested biomass 4.02 Mt/y

Energy content of harvested biomass 70 x 1015 J/y

Energy content of fuel 21 x 1015 J/y

Fuel production 556 kt/y (11,100 bpd)

WE NEED SMALLER, BUT STILL 

PROFITABLE, PLANTS
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CAN SYNGAS UNDERGO FERMENTATION ?

 Few bacterial strains are able to grow autotrophically on CO or on H2/CO2 

mixtures, producing ethanol. Acetic acid (or acetate anion, depending on the 
fermentation pH) is co-produced. The micro-organisms are obligate 
anaerobes, for instance Clostridium ljungdahlii. Overall reactions are:

Ethanol production: 6   CO   +   3   H2O   → C2H5OH   +   4   CO2

2   CO2 +   6   H2 → C2H5OH   +   3   H2O

Acetic acid production: 4   CO   +   2   H2O   → CH3COOH   +   2   CO2

2   CO2 +   4   H2 → CH3COOH   +   2   H2O
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CAN SYNGAS UNDERGO FERMENTATION ? - 2

 CO is the preferred substrate: typical conversions on lab scale are about 
90%, while H2 conversions are around 70%. The energy efficiency (heat of 
combustion of products / heat of combustion of feed) is 0.77-0.81.

 The micro-organisms are meso- or termophiles, with temperature optimum 
between r.t. and 90 °C. Typically, pH is kept around 4.5 in ethanol 
production. A rich medium is required, with possible contamination problems 
which, however, are greatly reduced by the harsh fermentation conditions: 
high temperatures and low pH. The high level of CO inhibits the growth of 
methanogenic bacteria.

 Some tolerance is expected to sulphur compounds, tars and other impurities, 
so that syngas purity may not be critical.
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CAN SYNGAS UNDERGO FERMENTATION ? – 3

 Gas-sparged tank reactors, operating either in batch or in continuous mode, 
are used, affording dilute ethanol solutions (2% or less). Improvements have 
been suggested, including a two-stages fermentation: in the first stage, 
conditions are selected in order to speed-up cell growth, while in the second 
one they are chosen to maximize ethanol production. Mass transfer between 
the gas and the liquid phase can limit the reactor performances. Press 
releases suggest that ethanol productivities quite close to those of standard 
alcoholic fermentation (ca. 10%) have been already attained.

 Ethanol is recovered by conventional procedures: e.g., the ethanol/water 
azeotropic mixture can be distilled overhead, and then water removed by an 
adsorption unit.
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CAN SYNGAS UNDERGO FERMENTATION ? – 4

 Although syngas fermentation raised little interest until recently, in 
the last years several companies are trying to develop it and few of 
them, e.g. LanzaTech and Coskata, have started pilot plant 
productions since 2008 and 2009, respectively. Particularly, the pilot 
plant built by LanzaTech at BlueScope Steel in Glenbrook, New 
Zealand, has a 400 l fermentor with a production capacity of 45 t/y 
(15,000 gallons) of ethanol, using real waste gas to grow the 
microorganisms.
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SOME CONCLUSIONS

 Because of the global warming of our planet and the fact that fossil fuels
reserves are huge but not unlimited, we can’t probably escape to a
transition towards an economy based on renewable energies.

We, scientists and technicians, are doing our best efforts to develop the
technologies needed for such transition, but the task still appears
extremely challenging.

 Biofuels are a real opportunity. Current 1st generation biofuels, however,
including biodiesel, are produced from crops which provide low yields of oil
or alcohol. Furthermore, some competition with food crops arose.
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 2nd generation biofuels will be produced from non-food,
lignocellulosic biomass, with more sustainable processes which
will also reduce or avoid any competition for water or farming
land consumption. Significant improvements are, however, still
required for full industrial scale application.

 BtL processes are a more than promising approach to produce
top-quality synthetic fuels from lignocellulosic biomass. Few
major problems, however, must still be solved, particularly the
relationship between the optimum size of the plants and the
biomass availability.
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 In the mean time, significant saving in fuels (i.e., significant  
reduction of CO2 emissions) could be obtained by changing our 
habits, a task which turns out to be even more difficult.

 E.g., even if unitary CO2 emissions of new cars are
continuously decreasing, there is little
environmental benefit since, at the same time, 
size and power of new cars are continuously
increasing.

 And are we really ready for a
world with reduced mobility?

The 2010 eruption of Eyjafjallajokull, Iceland
( http://blog.syracuse.com)
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