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Model energetického transferu do 19. stoleti

Model energetického transferu 20. stoleti

Dendromasa o tepelna energie
Fytomasa =)| SPALOVANI :
Odpady elektricka energie

Model energetického transferu 21. stoleti

Dendromasa ‘ tepelna energie
Fytomasa Pokrokove b E
BRKO = technologie ‘] -
COV - kaly e elektricka energie
liné organické odpady

‘l Biopaliva 2.generace
EtOH, SYNGAS derivaty

acrylic acid, n-Propanol, olefins, acetic

‘ Chemické prvky a slouCeniny
anhydrid, n-Butanacl ....

- Vodik H2
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Posuzovani hledisek

Technické a

Technologické

Ekonomicke

Sociologickeé

Environmentalni

Rezortni clenéni

problematik spadajicich MPO a Mze MF MMR MZP
pod rezorty
Expertni potencidl |VSCHT, VTP Kralupy, - municipality, kraje, | EIA experti, vliv na
Elenové CTPB a jini VURV,... regiony Zivotni prostredi
Posouzeni variability Posouzeni Posouzeni Posouzeni
- . vstupu, technicke a . . . . )
CIL 1. faze technologické naroénosti, ekonomickych sociologickych environmentalnich
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il 2. 4 Konjugace vysledkd jednotlivych expertd a konfrontace vhodnosti jednotlivych
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It is estimated that a potential 44 millidmnnesof Municipal Solid Waste MSW could be
available in the EU in 2030

Wasted- Europe's Untapped Resource: An assessment of advdnckaeslfrom wastes and residuégs



http://europeanclimate.org/wp-content/uploads/2014/02/WASTED-final.pdf
http://europeanclimate.org/wp-content/uploads/2014/02/WASTED-final.pdf
http://europeanclimate.org/wp-content/uploads/2014/02/WASTED-final.pdf
http://europeanclimate.org/wp-content/uploads/2014/02/WASTED-final.pdf
http://europeanclimate.org/wp-content/uploads/2014/02/WASTED-final.pdf
http://europeanclimate.org/wp-content/uploads/2014/02/WASTED-final.pdf
http://europeanclimate.org/wp-content/uploads/2014/02/WASTED-final.pdf
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Czech Technology Platform

Business to Syngas Natural Ratio (untreated biomass): H,/CO =1
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Komercionalizace : INEOS BloscatalLanzalech
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Clostridiumaceticum
Acetobacteriumwoodii
C.Carboxydivorans
C.ljungdahliX

https:// books.google.cz/books?id=DnyfnOsTLfcC&pg=PA82&Ipg=PA82&dq=syngas+to+biofuel+pathways&source=bl&ots=TFCIMGFOR3&sig=RijideDqy:
s1lyXJD280ozc&hl=cs&sa=X&ved=0ahUKEwihyvisl7bLAhW0o9HIKHXGeBmMkQ6AEIPzAD#v=0nepage&g=syngas%?20to%20biofuel%20pathways&f=false



Ethanol can be produced either directly from acetyl-CoA 1n a two-step reaction via acetaldehyde, or
via acetate and subsequent reduction to acetaldehyde. The latter proceeds via a ferredoxin: aldehyde
oxidoreductase, coupled to. for example, CO oxidation, while the direct route utilises an aldehyde
dehvdrogenase or a bifunctional aldehyde/alcohol dehydrogenase enzyme [150]. Acetaldehyde 1s
finally reduced to ethanol via an alcohol dehydrogenase. In some acetogens, micro-compartments have
been found 1 which this reaction may take place [91]. In the next two sections. strategies to optimise
for ethanol production, erther by fermentation or mutagenesis and genetic modification. are discussed.

Ethanol can be used as a complete transportation fuel. and 1t 1s also used to supplement gasoline as
a fuel blend, improving octane and reducing emissions. Commercial applications of gas fermentation
to date have primarnly focused on the production of ethanol [150]. using the following organisms
as biocatalysts.

C. ljungdahlii was 1solated from chicken waste in 1988 by Bank ef al. [151] and later descnibed by
Tanner ef al. in 1993 [152]. With autotrophic growth on CO. and on Hz and COz, this orgamism has
become one of the most well studied acetogens following the elucidation of its genome [91].



C. [jungdahlii also grows heterotrophically on a range of substrates including fructose, glucose.
ethanol and pyruvate [152]. When svnthesis gas 15 used as a substrate, both acetate and ethanol are
produced. with an ideal growth temperature of 37 °C [152]. Early work with a cell recycled culture
with a 560 h fermentation time achieved an ethanol concentration of 48 g L™ [153].

“C. ragsdalei” or stram “P11” was isolated from duck pond sediment by researchers from The
Umiversity of Oklahoma and Oklahoma State University and 1s descmbed in a patent [154].
“C. ragsdalei” has been explored for the production of ethanol from syngas [155-157]. with growth
temperatures of 32 °C-37 °C [157] and a batch fermentation reported ethanol concentration of
199 g L™'[158]. In a 100 L stirred tank reactor (STR) an ethanol concentration of 25.26 g L™ was
achieved over a fermentation duration of 59 days [159].

C. autoethanogenum was 1solated from rabbit faeces in 1994 and has a reported ideal growth
temperature of 37 °C [160]. Mimimal research was done on C. autoethanogenum as a gas fermenting
organism until the past five vears when 1t has undergone research for the production of ethanol with
synthesis gas or pure cartbon monoxide as feedstock [161-164]. Only low-level ethanol production of
032 gL' [164]. 0.28 g L' [160] and 0.26 g L' [163] has been reported for this strain. with CO as the
sole carbon source.

A. bacchi was 1solated from livestock-impacted soil i 2010 and has been recently investigated for the
production of ethanol from syngas. with a reported 1deal growth temperature of 37 °C [165]. This was
notably carned out at an mmtial pH between 7.7 and 8.0, with 4. bacchi moderately alkaliphilic [166].
A. bacchi strain CP15 achieved a maximum reported productivity of 1.7 g L™ with 76% ethanol yield
from utilised CO with pure coal derived syngas (40% CO, 30% CO;, 30% H;). Using biomass syngas
(20% CO, 15% CO;. 5% H;. 60% N;). ethanol yield from utilised CO has been reported at 65% [166].



Technologie transferu KO W2B\Vasteto biofuels)

1. INEOS Bio proces technology@ é O Ig NFA] b0
2. ENERKEM technolod¢anada
3. FiberighttechnologyUSA 8] Flberlght

4. STIFinsko

6. MaabjergEnergyConcepts # b { Y h
7. Primus GreerenergyUSA

8. FULCRUMIoEnergyUSA




1. INEOS Bio proces technology
~ @6 OlcNgA] 2

INEQS
i INEOS group ~ NEOS businesses v Contact Locations Q
Bio
BUSINESS ~  TECHNOLOGY BIOETHANOL SHE NEWS
INEOS Home / Businesses /

e
REDUCES L ANDELsEs = Y S
AND AIR POLLUTION - "” ':“f:‘.:— .
CREATESwOBS S ! T
RENEWABLE FUEL AND
CLEAN ENERGY

Procegjasifikac2 RLJ R4 Yy Iy H & h PR
LI 6Syd20Fyée FSN¥YSyGl 6y |

NEWS INEOS Bio Provides Operational Update




1. INEOS Bio proces technology

yd

~ @ é Olc NFA] 2

INEOS Bio's advanced bioenergy technology takes wastes and sustainably

turns them into advanced biofuel and renewable power

Backed by decades of experience in developing and licensing industrial-scale technology, INEOS

Bio creates more sustainable communities and transportation by converting waste and nonfood

crop biomass into advanced biofuel. The INEOS Bio bicenergy technology solution uses a flexible

approach that is safe, fast and reliable,

allowing it to be commercialized wherever there is waste

By taking this localized approach, INEOS Bio reduces landfill and air pollution, creates jobs,

generates tax revenue and safely produces renewable fuel and clean energy.

http://www.ineos.com/News/INEOSroup/INEOBio-ProducesCellulosieEthanotat-CommercialScale
http://lwww.ineos.com/businesses/ineebio/technology
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Figure 1 INEOS Bio Process Technology
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Step 1: Step 3:

Feedstock reception Gasification Gas clean up and heat recovery

and processing , ; :
The gasification step provides the process The hot gases are cooled and cleaned, with

The blomass waste malterials are delivered to  with feedstock flexibllity. Al types of the heat recovered 10 generate renewable

the INEOS Biorefinery, stored and dried using  blomass waste can be used, including power for use In the process and for export.

low grade heat from the gaslification process.  green waste, waste wood, food waste,
and the biodegradabile portion of mixed
household and commercial waste. The
prepared, dried blomass waste is converted
to carbon monoxide and hydrogen gases.
These gases contain important chemical
energy and are the bullding blocks for the
production of bioethanol. The mineral
content from the blomass Is extracted
from the gasifier and Is reused.

http://lwww.ineos.com/globalassets/inecgroup/businesses/ineasbio/company/ineosus-bio-bro_awfinal.pdf



Step 4: Step 5:

Fermentation Distillation and dehydration

The cool, clean gases are infroduced intothe  The fermenter liquid is continuously

INEOS Bio patented fermentation process. extracted, distilled and purified to anhydrous
Naturally occurring bacteria combine the bioethanol, meeting EPA road fuel quality
gases to produce bioethanol. This biochemical ~ standards, ready for blending and use in
synthesis occurs rapidly at low temperature  cars. The INEOS Bioethanol from waste

and pressure and at high yield and selectivity.  counts towards the EPA Renewable Fuel
This high performance, coupled with Standard (RFS) Cellulosic ethanol targets.
tolerance to variations in gas composition, ~
means fewer process steps, high energy
efficiency, low bioethanol production
costs and attractive investment returns.

Step 6:

'» ) V7T g PP
rower generauon

Power is generated by recovering heat from
the hot syngas and by combusting vent gas
from the fermentation stage of the process.
The power is eligible for Renewable Energy
Credits (REC).




Step 4:

minutes, compared to 1-3 days for
corventional, first generation and cellulosic

Fermentation

The fermentation step is at the heart of the
INEOS Bio process technology. The syngas
is introduced into the INEOS Bio patented
fermentation process, where naturally
occurting bactera combine gases to them

Ei_"licienﬂy. selectively and raplcly to produ.ce

gas-liquid transter. The INEDS Bio
fermentation process takes only a few

fermentation processes. The INEOS
bio-chemical synthesis takes place at low

temperature and pressure and with high yield
and sedectivity. This high performance,
coupled with tolerance to vaniations in
syngas composition and to common catalyst
poisons, means fewer process steps, high
energy efficiency, low bioethanol production
costs and attractive investrment returns.

Mutrients are added to provide for cell growth
and automatic regeneration of the
bincatalyst. INEOS Bio's proprietary
combination of microorganism, nutrisnts,
process design and conditions produces
bioethanol at industrial quartities and ata
commercially attractive and competitive
cost. The bioethanol is synthesized
according to the following principal reactions:

6CO +3H,0 — CH,CH,0H + 4CO, (2)
6H,+ 2C0O, —+ CH,CH,OH + 3H,0 (3)

Carbon and hydrogen in the initial raw
material is converted into ethanol; with
high yields achieved. Combining equations
(1)-(3) gives:

8CH,0 + 0, ~ 2.33CH,CH,0H + 3.33CO, +
HO@)

Table 2: Comparison of ethanol yields from biomass — EtOH gallons per dry US ton

INEOS Bio process technology
Acid hydrolysis and fermentation
Enzymatic hydrolysis and fermentation

Currentmeasured  Theoretical maximum

75-100 136-1456
5565 80
60-70 85
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