Biomass to liquid fuels
1RYHOPHWKRGIRUHɝFLHQWOLTXLGIXHOVSURGXFWLRQ

2YHUYLHZ
&RPELQLQJQHZWHFKQRORJLHVIRUHɝFLHQWIXHOSURGXFWLRQ
Aviation, heavy-duty machinery, long-haul transportation and marine applications will continue to depend on liquid fuels. These sectors can be decarbonized with renewable fuels deULYHGIURPELRPDVV6XVWDLQDEOHSURGXFWLRQRIWKHVHIXHOVUHTXLUHVLQWHUGLVFLSOLQDU\HRUWV
from chemistry, microbiology and biochemistry. Ecological and social demands have to be
considered all along the process chain.
7KHOLTXLGIXHOHRUWVZLWKLQWKH6&&(5%Ζ26:((7DUHIRFXVHGRQWKUHHPDLQVWHSVSUHtreatment of biomass, bioprocessing and catalytic upgrading. The main task is to decrease
WKHQXPEHURIVWDJHVLQHDFKRIWKHSURFHVVHVZKLOHLQFUHDVLQJWKHLUHɝFLHQF\/HVVVWDJHV
means reduced costs and easier adaptation to decentralized conditions like in Switzerland.
7KHELRPDVVSUHWUHDWPHQWWHFKQRORJLHVWKDWZHKDYHGHYHORSHGDOORZXVWRHɝFLHQWO\SURduce lignin monomers from cellulosic material with some of the highest reported yields in
the literature. The remaining polysaccharides are converted in one stage within a combined
ELRSURFHVVLQJUHDFWRUWRFDUER[\OLFDFLGV7KLVKLJKO\HɝFLHQWELRORJLFDOIXQQHOLQJSURGXFHV
a narrow distribution of product with a simple chemical structure that can be subsequently
catalytically upgraded in a single step to liquid fuels.

0DWHULDOȵRZRIWKHQHZ6&&(5%Ζ26:((7ELRIXHOSURGXFWLRQSURFHVVHV
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)RUPDOGHK\GH3UHWUHDWPHQW
%LRPDVVSUHWUHDWPHQWFDQSOD\DVLJQLȴFDQW
UROH LQ WKH SURȴWDELOLW\ RI ELRUHȴQHULHV E\
enabling the extraction and upgrading of
the major plant components. Even though
lignin content in biomass is 15-30% by mass
and up to 40% by energy and has the chemical structure which is closest to jet fuel within the plant, existing processes are mainly
focusing on separation of polysaccharides,
while the remaining lignin is used for heat
production in furnaces.
A recently developed Formaldehyde (FA)
pretreatment method enables us to perform a fractionation in a way that all the
main components of biomass including cellulose, hemicellulose and lignin can be separated and used for further upgrading to
higher value-added chemicals. This achievement could allow us to build more practical
DQG HFRQRPLFDOO\ IHDVLEOH ELRUHȴQHULHV
The resulting soluble lignin can already be
turned into jet fuel components at the lab
scale.

7HFKQRORJ\5HDGLQHVV
DQG5RDGPDS
:HKDYHGHPRQVWUDWHGWKLVSURFHVVLQWKH
lab. Further research is focused on optimi]DWLRQDQGFRQȴJXULQJWKHSURFHVVIRULQWHJUDWLRQLQH[LVWLQJELRUHȴQHULHV%\WKHHQG
of 2016, a method will be developed for soluble lignin upgrading under mild condition
LQȵRZUHDFWRUDQGZHZLOOWHVWFRQWLQXRXV
SURFHVVLQJIRUVHYHUDOGD\VΖQIXUWKHU
studies will start on cellulose upgrading to
adjust the pretreatment and consolidated
bio-processing to become compatible with
FRQYHQWLRQDO ELRUHȴQHULHV 7KH FRPSOHWH
production process shall be patented in
2019.

6XLWDEOHIHHGVWRFN
! :RRG
> Straw and Corn Stover
> Mixed grasses
> Solid digestate from biogas plants

&RQVROLGDWHG%LRSURFHVVLQJ
Conventional biochemical production of
fuels is an elaborate process. The process
comprises three main operations: pretreatment, enzymatic hydrolysis and fermenWDWLRQ ΖW LV FRPSOHPHQWHG ZLWK DGGLWLRQDO
solid/liquid separation, washing and detoxLȴFDWLRQVWHSV
ΖQRUGHUWRVLPSOLI\WKHSURGXFWLRQDQGPDNH
LWPRUHFRVWHHFWLYHZHGHYHORSHGDKLJKO\
integrated process. A microbial consortium
consisting of a cellulolytic enzyme producer and a product fermenter allows for the
direct conversion of pretreated biomass
to the target product. The microorganisms
grow in the biomass slurry from pretreatPHQWDVDWZROD\HUHGELRȴOPRQDQR[\JHQ
permeable membrane. The aerobic fungal
FHOOXORO\WLFHQ]\PHSURGXFHUIRUPVWKHȴUVW
layer directly on the membrane. The anaerobic fermentative microorganisms grow on
WRSRIWKLVȴUVWOD\HU*URZWKRIWKHPLFURRUJDQLVPV  EHQHȴWV IURP WKHLU LPPRELOL]DWLRQLQWKHELRȴOPZKLFKSUHYHQWVZDVKRXW
and from the pretreatment, which protects
against toxic environments.

6XLWDEOHIHHGVWRFN
Consolidated bioprocessing can follow on
Formaldehyde pretreatment or on other
preparation steps like steam pretreatment.

7HFKQRORJ\5HDGLQHVV
DQG5RDGPDS
:HVXFFHVVIXOO\SURGXFHGHWKDQRODQGODFtic acid from pure cellulose and from pretreated beech wood on laboratory scale.
C5- and C6-sugars were fermented simultaneously with yields up to 80% and product
FRQFHQWUDWLRQVXSWRJ/ΖQZH
are working on the expansion of the output
spectrum towards carboxylic acids as fuel
precursors and towards higher alcohols.
2018 – 2020 a pilot scale ethanol production shall be commissioned together with
industrial partners.

0DUNHWDEOH3URGXFW
> Ethanol
> Carboxylic acids (lactic, acetic, propionic)
> Methane

&DWDO\WLF8SJUDGLQJ
Catalytic processing of diluted carboxylic acids streams is challenging because of their
acidity and high water content which can
deactivate the catalyst. Moreover, the products that result from current technologies
tend to have a low energy content, which
decreases their value as a fuel. However, by
selectively choosing the upgrading catalyst,
these issues can be addressed.
:H KDYH GHYHORSHG D SURFHVV IRU WKH VLQgle stage condensation of carboxylic acids
to a high value liquid fuel stream that can
be used as a jet fuel. This stream has less
than 1 wt% oxygen and spontaneously separates from water. Carboxylic acids are converted via multiple condensation reactions
to alkanes of a suitable fuel range (C8-C16).
These hydrocarbons are simultaneously (in
situ) deoxygenated leading to a product with
a high energy density. No irreversible deactivation of the catalyst was noticed using
neat and diluted carboxylic acids streams.
The resulting biphasic mixture of water and
hydrocarbons can be easily separated.

7HFKQRORJ\5HDGLQHVV
DQG5RDGPDS
This process was demonstrated in the laboratory with model substrates. By mid-2016
reaction pathways and catalyst stability
WHVWV ZLOO EH ȴQLVKHG %\ WKH HQG RI 
continuous laboratory-scale experiments
with biomass-derived feeds will be perIRUPHGΖQHDUO\ZHZLOOWHVWWKHHHFWV
RIGLHUHQWPRGLȴHGVWUHDPVREWDLQHGIURP
consolidated bioprocessing. Depending
on the results higher throughput reactor
will be constructed to test production at a
pre-pilot scale.

0DUNHWDEOH3URGXFW
> Jet fuel
! žROHILQV

Lignin (left) and polysaccharide (right)
derived jet fuel produced in our laboratory.
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