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AMBITION: PARTNERS’ FAREWELL

ADVANCED BIOFUEL PRODUCTION
WITH ENERGY SYSTEM INTEGRATION

AMBITION Partners at the Energy and Bioproducts Research Institute (EBRI) at Aston University, UK. From the left:
Florbela Carvalheiro (LNEG, Portugal), Tony Bridgwater (Aston, UK), Bernd Wittgens (SINTEF, Norway), Francisco
Girio (also LNEG), Torbjorn Olshoj Jensen (DTU, Denmark), Nicolaus Dahmen (KIT, Germany).

AMBITION is coming to an end. It is a pleasure to present the last newsletter of the project,
which will draw to a close at the end of November 2019. It has been an excellent three years of
hard and committed teamwork.

AMBITION Co-ordinator’s closing comments
AMBITION is a H2020 project which develops a
Research and Innovation Agenda that focuses on
technologies of TRL 2-5. These have a large
potential to reduce greenhouse gas emissions
related to transport. The project has brought
together eight research institutions, forming the
necessary and critical research capacity to look at
the integration aspects of future energy systems.
The outworking and culmination of this project, we
believe, will form an excellent platform for future
projects. These would be done through research
performed jointly, through mobilising researchers
and sharing access to infrastructure and research
results.
Following a report by the IPCC (the
Intergovernmental Panel on Climate Change), if we
are to have a chance of keeping global warming
Bernd Wittgens, AMBITION Project Co-ordinator,
SINTEF

below 2oC, we will require a combination of
adaptation (today) and mitigation (as soon as

possible) of new and possibly disruptive innovative technologies, operational practices and
enhanced climate-driven innovation.
IN THIS ISSUE:

For bioenergy specifically, this includes a
comprehensively improved feedstock utilization and an
intrinsic flexibility of feedstocks which in-turn, requires
a more robust process design to adapt to seasonal
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simultaneously reducing production costs, specific

energy consumption, near 100% utilization of carbon in
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With this in mind, AMBITION investigated the integration of biochemical and thermochemical
methods to simultaneously increase the feedstock base for advanced liquid biofuels and feedstock utilization through integration of energy systems such as hydrogen from renewable elec-

tricity. The integration allows for complete conversion of carbon in biomass to biofuels chains.
These biofuels can be applied for aviation, marine and heavy road or rail transport, thus replacing fossil fuels and their net-CO2-emssions. AMBITION provides clear recommendations
for further research to improve the economic viability of biofuel production, taking the sustainable sourcing of biomass into consideration. We have identified the necessary future research
efforts to ensure break-throughs in new technologies and the improvement of current technologies from pilot towards scale-up, demonstration and commercialization. A big thank you to all
the partners for all their commitment and for all their inspiring work.
Bernd Wittgens
AMBITION Project Co-ordinator
E: bernd.wittgens@sintef.no

www.sintef.no
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WP2 update and closing comments
This report is by WP2 Leader Francisco Girio from LNEG, Portugal and WP2
Deputy Leader Florbela Carvalheiro, aloso from LNEG.
LNEG (P), TNO (NL) and ENEA (IT) are the partners involved in WP2 whose goal has been developing novel, ground-breaking, energy-efficient and economically efficient biomass pretreatment processes for the selective fractionation of polymeric components from biomass, and
also their recovery. The lignocellulosic biomasses that were studied as case studies for agriculture and forestry residues were wheat straw (WS) and eucalyptus residues (ER) respectively
(Fig 1, below).

Fig 1 The scope of AMBITION’s WP2

WP2 mainly focused on the development of organosolv pre-treatment which explored three major strategies/solvents. Additionally, ionic liquids (ILs) based pre-treatment has also been studied
(Table 1, page 5).
Table 1 Work distribution within WP
Explored the organosolv process using
acetone and ketones mixtures
Explored higher alcohols and furans, that
act as a two-phase system

Explored several organosolv processes,
using ethanol/water mixtures and imidazole as alternative solvent for biomass delignification, as well as developed the ILsbased processes
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WP2 update and closing comments
TNO developed its proprietary mild organosolv process using aqueous acetone (the Fabiola TM
organosolv Process, WO’15/009145) for the fractionation of the project feedstocks.
The results obtained show that as compared to other hardwoods, ER fractionation proceeds
quite rapidly. An almost complete hemicellulose hydrolysis yielding monomeric C5-sugar and a
high level of delignification, together with a high recovery of cellulose in the pulp, was achieved.
Solubilized lignin is recovered efficiently from the liquor ranging 90-96 wt%. TNO has also explored the fractionation of the feedstocks using alternative ketone solvents such as butanone
and pentanone, in different mixtures with acetone and fixed amounts of water.
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Fig 2 The FabiolaTM organosolv process developed by TNO

ENEA carried out extensive tests on organosolv fractionation using a two-phase system
(water/butanol) acidified by oxalic acid. After the organosolv reaction, the aqueous phase and
the organic phase selectively contained solubilized hemicellulose and lignin respectively.
The insoluble residue was subjected to enzymatic hydrolysis showing that the treatment is
highly efficient to deconstruct and fractionate biomass. In the case of WS the conversion into
glucose by enzymatic hydrolysis reached 96% of the theoretical value.
ENEA also studied the fractionation approach to other solvents, namely, 2-MTHF (2-methyl
tetrahydrofuran).

5

WP2 update and closing comments

Fig 3 The two-phase organosolv approach developed by ENEA

LNEG developed the non-catalyzed water/ethanol-based organosolv. The results obtained
show that this pre-treatment is more efficient for ER biomass than for WS. ER fractionation
proceeds considerably faster and almost a complete hydrolysis of hemicellulose occurs at
moderate reaction times, together with a high delignification yield. Significant C5 sugars
yields (mainly added-value oligomers) were obtained from the hydrolysis of hemicelluloses.
Glucan was almost not affected, yielding solids with a high glucan content (Fig. 4).

Fig 4 The ethanol-based organosolv approach developed by LNEG
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WP2 update and closing comments
For comparison, LNEG also evaluated the direct effect of acid catalysts on the organosolv reaction, using low concentrations of acetic and sulfuric acids. These permitted higher purity cellulose fraction to be obtained with a high recovery of soluble lignin at considerably lower temperatures.

LNEG also studied the delignification with imidazole, a non-toxic, high-boiling point solvent with
properties similar to ionic liquids. This contributed to changes in the physicochemical properties
of the biomass macromolecular components, and allowed extraction of lignin with its simultaneous depolymerization, as well as altering the crystallinity of cellulose. Both the cellulose and
hemicellulose recovery were highly dependent on reaction temperature and analogous to the
ionic liquid process (see below). The conditions of the pre-treatment and especially the biomass type impacted the efficiency of the enzymatic hydrolysis as well as the lignin-derived
compounds that were possible to be recovered after the pre-treatment (Fig 5).

Fig 5 The imidazole-based organosolv approach developed by LNEG
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Finally, the work at LNEG with ILs was explored under two different approaches. The first strategy relied on the processing of biomass with hydrogen-bond acidic IL ([emim][HSO4]), and the
second on the use of a hydrogen-bond alkaline IL ([emim][OAc]).
In the first approach, the acidic character of the [HSO4-] anion of IL allowed the integration of
biomass pre-treatment, hydrolysis and conversion in a single-step process, promoting the selective processing of the hemicellulose fraction yielding mainly pentoses and furfural that were
kept in a liquid phase. The solids produced were mainly constituted of cellulose and lignin.
The second approach allowed biomass dissolution and fractionation into cellulose, hemicellulose and lignin rich fractions. In this case, the recalcitrance of the lignocellulosic matrix was
overcome by alteration of the strong network of intra and intermolecular bonds existing in the
biomass. Consequently, a loss of native cellulose crystalline I structure was observed, and the
cellulose II form was obtained, which was not observed for solids produced by [emim][HSO 4].
A significant improvement in the enzymatic hydrolysis yields was noticed for acetate-based
ionic liquid, with a maximum glucose yield of 93.1 % and 82.9 % for WS and EU, respectively.
All this could be achieved at temperatures far below those used in conventional pretreatments.

Fig 6 Comparison of the impact of using ILs with distinct chemical characteristics
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WP2 update and closing comments
The biomass pre-treatment/fractionation options studied in AMBITION project have steadily
reached or moved towards the required targets of an efficient biomass fractionation, generating both high delignification and high saccharification yields, increasing the recovery of sugars, and increased purity of separated fractions under lower energy requirements. However,
not all fractionation processes are at the same development stages. For example, organosolv
continuous processes (TRL 4-6) are the next hurdles to be overcome, while for ILs, the downstream strategy is currently the main challenge and still requires development at TRLs 3-5.

Main Publications
The main results obtained with both ILs and organosolv pre-treatments were presented at the
12th ECCRIA Conference, 5-7 September 2018 in Cardiff University (UK) under the title
“Recent trends on biomass pretreatment” by Gírio, F; Carvalheiro, F; Lukasik, RM; Duarte,
LC; Zimbardi, F; Viola, E; Damen, K; Smith, A.
The results of all organosolv pre-treatments were presented in a dedicated workshop organized as a satellite meeting of the 27th EUBCE, May 30th 2019 with the title: “Exploring organosolv pretreatments”, by Carvalheiro, F; Gírio, F; Lukasik, RM; Duarte, LC; Zimbardi, F; Viola, E; Kiel, J; Smit, A; Rios, S.
Additional Publications
Further results obtained for Organosolvs pre-treatments were presented in the 27th EUBCE
(2019) with the title: “Pretreatment and Fractionation of (WS) by Organosolv in Biphasic System” by Viola, E; Morgana, M.; Zimbardi, F; Cerone, N.; Romanelli, A.; Valerio, V. and, under
the title “Efficient production of sugars- and lignin streams using ethanol-based organosolv
pretreatments”, by Carvalheiro, F; Pires, F; Van-Dunem, V; Sanfins, S; Duarte, LC; Gírio, F
(2019).
Further results obtained from ILs fractionation work on wheat straw were presented in the 27 th
EUBCE , 27-30 May 2019 with the title: “The potential of ionic liquids in the biorefinery concept” and published in Molecules, 24:808 by Bernardo JR, Gírio FM, Łukasik RM (2019) with
the title “The Effect of the Chemical Character of Ionic Liquids on Biomass Pre-Treatment and
Posterior Enzymatic Hydrolysis”.
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WP2 CLOSING COMMENTS:
Leader: “Solvents such as acetone (and
other ketones), ethanol, butanol, 2methyltetrahydrofuran and imidazole
proved to be efficient for the fractionation of
the distinct model feedstocks (wheat straw
and eucalyptus residues).
The reduction of operational temperature
achieved by these processes, especially
the catalyzed ones, is also a remarkable
aspect in comparison with the conventional
pre-treatments, assuring a significant lower
energy requirement”.

Francisco Girio, LNEG, Portugal

Deputy Leader: “Organosolv
processes have the advantage
to allow the separation of the
lignocellulosic biomass into its
three main constituents: cellulose, hemicellulosic sugars and
lignin.
Furthermore, these processes
have demonstrated to be very
effective, increasing the overall
yields (sugars and lignin) obtained from biomass. The production of high-quality lignin for
added-value applications is also a key aspect”.

Florbela Carvalheiro, LNEG, Portugal
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WP3 update and closing comments
A report by Eleni Liakakou from ECN>TNO, the Netherlands, on the fermentation of simulated syngas from lignin gasification at KIT-Tebi:
Synthetic syngas bottles, containing the main gas compounds simulating the composition of the
lignin gasification tests (LNEG bubbling fluidized bed and ENEA updraft fixed bed gasifiers),
were used for fermentation tests at KIT-Tebi. Each gas was fermented in standardized three-fold
batch fermentation with online GC analytics of the off-gas. The results were compared in terms
of growth, gas consumption and product formation. In both cases the syngas was fermented successfully with no inhibition in growth or product formation. Methane presence in the gas showed
no obvious impact in the fermentation outcome.

Fig 7 Simulated syngas composition
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Fig 8 LNEG simulated syngas. The fermenters are fed continuously with

syngas for more than 100 hours.
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Fig 9 ENEA simulated syngas. The fermenters were fed continuously with syngas for more than 100 hours.
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Fig 10 During the fermentation time Clostridium ljungdahlii grows (CDW) and
produces acetate and ethanol from syngas. LNEG simulated syngas.
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Fig 11 During the fermentation time Clostridium ljungdahlii grows (CDW) and
produces acetate and ethanol from syngas. ENEA simulated syngas.

WP3 CLOSING COMMENTS: “The AMBITION project provided a good opportunity to explore
new interesting value chains. It also proved challenging at times when working with new feedstock and having to tune gas cleaning to make the fit with fermentation. Through the great efforts of partners, we managed to connect key infrastructure over great distances, showing that
gasification, cleaning and fermentation is indeed possible. We can only imagine what great
possibilities lie in the future in a true bio economy” (WP3 Leader, Berend Vreugdenhil).
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WP4 update and closing comments
A report by Torbjorn Olshoj Jensen, DTU, Denmark.
Acetogenic bacteria have the capability of converting simple inorganic substrates such as CO,
H2 and CO2 into acetic acid and a range of other compounds.
This work package focused both on engineering thermophilic acetogens to enable production of
1-butanol, and using mesophilic carboxydotrophs for producing butyric acid, and further enzymatic esterification of the syngas-derived bioproducts (1-butanol and butyric acid) to butyl butyrate. Metabolic engineering of thermophilic acetogens suffers from lack of genetic tools.
A novel genetic marker system functioning at elevated temperatures, independent of oxygen,
has been developed *. This is expected to have particular impact on genetic engieneering with
thermophilic and mesophilic anaerobic organisms.
Methylation of DNA was shown to be a significant bottleneck for genetic accessibility, however
knowledge the enzymes involved in this process is limited. A universal method for mapping
methylation to specific methyltransferases was therefore developed and has received great attention since its publication * *.

The method has enabled protection of DNA prior to transformation, which was one of the limiting
factors for engineering of the thermophilic acetogen. After the initial cultivation of the thermophic

Torbjorn Olshoj Jensen, DTU, Denmark
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acetogen, it was apparent that sporulation would be a challenge for the process. By optimising the
media composition it was possible to postpone the onset of sporulation, having the additional effect of increased biomass production and elevated product concentration. With the optimized conditions, adaption of the thermophilic bacteria to convert syngas was enabled and was scaled up to
reach pilot scale (40 L). The butyrate process using mesophlic carboxydotrophs for converting
gases to butyrate was done. Different strategies such as co-substrate feeding and sequential coculturing were employed to increase the yield and productivities. This process was also scaled up
to pilot scale (40 L). Both the thermophilic and mesophilic fermentation process utilized real syngas derived from gasification of lignin. Optimization of the enzymatic esterification that enables
synthesis of butyl butyrate in the fermentate in a two-phase system was also completed.
* Jensen TØ, Pogrebnyakov I, Falkenberg KB, Redl S, Nielsen AT. Application of the thermostable β-galactosidase, BgaB, from Geobacillus stearothermophilus as a versatile reporter under anaerobic and aerobic conditions. AMB Express. 2017;7(1):169. Published 2017 Sep 6. doi:10.1186/
s13568-017-0469-z
* * Jensen TØ, Tellgren-Roth C, Redl S, et al. Genome-wide systematic identification of methyltransferase recognition and modification patterns. Nat Commun. 2019;10(1):3311. Published 2019
Aug 19. doi:10.1038/s41467-019-11179-9

WP4 CLOSING COMMENTS: “The partners involved in AMBITION have had complementary
competences throughout the project. There is a lot of work still to be done, but partners have
made huge steps in this area”.

AMBITION Partners from
DTU, ECN>TNO, LNEG
& CENER, Birmingham,
UK
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WP5 update and closing comments
A report by Nicolaus Dahmen, WP5 leader, (System Integration) from KIT, Germany.
Both techno-economic evaluation and life-cycle assessment have been performed for the two
technological approaches considered in AMBITION. The effect of using different solvents and
process designs on the pre-treatment of lignocellulosic biomass as conducted in work package 2
have been studied in comparison to steam-explosion as referenced. As expected, the use of ethanol, butanol, acetone and ionic liquids lead to significant cost differences and structure in a
range of areas, but also yield sugar and lignin containing product streams in various qualities. Depending on the intended use of the products, thus optimized pre-treatment strategies can
be developed for given feedstock and product options. Secondly, combinations of production and
fermentation of synthesis gas were considered to produce butanol and butyric acid.
In addition, their further conversion to butyl butyrate by enzymatic esterification has been investigated. Beech wood and lignin were used as feedstock according to the work on gasification in
work package 3. Scenarios to produce around 200.000 t/a of C4-product were studied on basis of
best practice as well as on pilot plant data, assuming different cases. Case one suggests ‘oncethrough’ fermentation, where the syngas after fermentation is utilized in a CHP process. In the
second case, separation of CO2 after fermentation is implemented, which is reused in the fermentation after being converted to fermentable carbon monoxide utilizing externally produced,
renewable hydrogen.

Molecular diagram of butylbutyrate

That way, a maximum conversion of carbon to fuel can be obtained, yielding more than twice as
much product as in the case 1 approach. On the other hand, additional investments and hydrogen costs are required, leading to a trade-off between product value and production cost.
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Nicolaus Dahmen, KIT, Germany

CLOSING COMMENTS:
“AMBITION has been a combination of exploration and implementation. I have greatly appreciated working with competent partners I can trust and who are open-minded. Such qualities are
necessary when implementing new technical approaches into the different settings of biofuel production. My role with the project has been looking at the value chains for all the different components: costing different scenarios, different products, recovery and recycling, improving processes, looking at various technical configurations and making them more efficient. An outcome of
the project is giving advice to partners on costs and efficient systems. We have also analysed
and assessed how processes can be most profitable or simply balance in terms of cost, and by
setting up value chains, we have gained deep insight into new biofuel production pathways. We
have also looked at how three developing different technologies i) pretreatment; ii) gasification
and iii) fermentation can complement each other rather than compete with one another”.
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Highlights from past Newsletters
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WP2 Highlight Efficient low-temperature pre-treatment
for the generation of lignin & carbohydrate streams
This is a WP2 highlight from Newsletter 5 by Florbela Carvalheiro from
LNEG, Portugal. It is based on presentations and discussions by Florbela Carvalheiro
(LNEG), Francisco Gírio (LNEG), Francesco Zimbardi (ENEA), Luís C. Duarte (LNEG), Nadia
Cerone (ENEA), Eleni Liakakou (ECN-TNO) and Marta Martins (UNL).
1. Research needs Biomass pre-treatment still needs improving. On the one hand, there is
still the need for the production of clean sugars streams for fermentation with high hydrolysis
yields. On the other, the use of pre-treatment targeted to produce superior pre-treated feedstock
for gasification/thermochemical conversions is also emerging. Regarding the later conversions,
it is important to build a list of specifications that pre-treated biomass should fulfil, as these are
quite diverse, taking into account the specific requirements for the technologies involved in the
biochemical platform. This may also influence downstream processing after pre-treatment to
tune the chemical/physical properties too.
2. Which TRL scale? In WP2 of the AMBITION project two key technologies have been
studied. The first uses ionic liquids (ILs) for biomass pre-treatment and the second is concerned
with the use of different types of organosolv pre-treatments. Ionic liquids pre-treatment is currently at TRL 2, but the aim is to move to TRL 3-4. In this field, considering the wide variety of
existing ILs, it is still necessary to improve their economic recycling and assess their toxicity.
Studies regarding techno-economic assessment (TEA) and life cycle assessment (LCA) are also needed. Organosolv processes are already at TRL 3-4 but the aim is to move to TRL 5-6.
Another important goal is moving from batch processes to continuous processes. In all cases,
the future progress and projects should target Research and Innovation Actions (RIA) for process intensification and project integration.
3. How to do the research? Maintaining the already good communication established in
the project is vital. The design for integration is also important as well as the integration of pilot
units. Collaboration with SMEs or a group of potential stakeholders that can act as an Advisory
Board would be ideal.
4. How to Fund It? Horizon Europe is expected to be the most important tool. National
programs count but are not sufficient,
therefore EU cooperation and help is
essential. In the future projects, Research & Innovation actions should
be considered covering activities from
bench to pilot scale.
WP2 highlight from

AMBITION
Newsletter number 5

21

WP3 Highlight Syngas fermentation
This report highlight from AMBITION Newsletter 5 is by Anke Neumann from
KIT, Germany.
Research needs

Microbial conversion of syngas
is still not entirely understood.
Especially the influence of gas
composition, that is the ratio of
H2, CO and CO2, and the
amount and quality of other
gases potentially affecting the
fermentation outcome. Therefore it was agreed in the discussion, that research should
focus on the fermentation of
different qualities of crude syn-

WP3 highlight from
AMBITION
Newsletter number 5

gas.
Which TRL scale?
Syngas fermentation with nearly pure CO from steel mill off-gas is already commercialized
(Lanza-Tech Process). Syngas fermentation with crude syngas from different types of biomass
and different gasification methods is currently at TRL 1-2 but the aim is to move to TRL 3-4 and
to access systematically the wide varieties of available biomass derived syngas qualities. Another goal would be to move from semi-continuous fermentation to multiple continuous syngas fermentation to evaluate the possible combination of syngas and acetogenic strains in a reasonable timespan.
How to perform research? To evaluate crude syngas, close cooperation between the
groups producing syngas and the fermentation groups is crucial. The first steps in this direction
have been taken in the AMBITION project, paving the way for further cooperation.

How to fund it? National funded programs are good, but EU projects are more helpful to
bring together syngas producers and syngas fermenters.
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WP3 Highlight Fermentation of real bioliq®
syngas and i-Milena syngas at KIT-Tebi
Syngas from straw, gasified in the bioliq plant at KIT, and syngas from lignin and beechwood,
gasified in the i-Milena plant at ECN - part of TNO were fermented at KIT-Tebi. Each gas was
fermented in standardized three-fold batch fermentation with online GC analytics of the off-gas.
The results for growth, gas consumption, product formation and carbon conversion efficiency

were compared to the established standard fermentation with optimized synthetic syngas. All
three syngases were fermented successfully with no inhibition in growth or product formation.

WP3 highlight from
AMBITION
Newsletter number 5

H2, CO and CO2 in the gas stream leave
each fermenter and are continuously quantified by a gas chromatograph.

Three of these 2.5 L gas-tight fermenters are used
in parallel for syngas fermentation.
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The model acetogenic bacteria Clostridium
ljungdahlii is used to evaluate the fermentation properties of syngas of different
sources to acetate and ethanol.

WP3 Highlight Continued: Fermentation of
real bioliq® and i-Milena syngas at KIT-Tebi

WP3 highlight from
AMBITION
Newsletter number 5

.

Above: The fermenter is fed continously with syngas containing about 33 % H2, 26 % CO and 20 % N2
for 95 hours. During fermentation, the 3 different gases are burned in different proportions. Below: The
semi-continuous syngas fermentation runs for 95 hours. During this time Clostridium ljungdahlii grows
(CDW) and produces acetate and ethanol from syngas.
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WP3 Highlight i-MILENA Lignin Tests
In July 2018, ECN>TNO performed a complete gasification and gas cleaning
test on lignin.
The purpose of this test was to show that:
i) it is possible to convert lignin into product gas,
ii) clean this gas sufficiently for fermentation purposes and,
iii) bottle this gas for fermentation tests at KIT.
The scheme (see next page) depicts all the steps in this process and during the test, variations in gas
composition were made by adjusting the last cleaning steps. For example, allowing a higher H2S concentration in the bottled product gas. The results of these tests were presented at the ECCRIA Conference in Cardiff in September 2018. In summary, it was discovered that both lignins tested gasified successfully. The feedstock pre-treatment requirements for each lignin were very different but improvements to feedstock quality can be made through biorefinery operations. These not only affect the form
of the lignin, but also the type and extent of impurities in it. Impurities in the feedstock end up in the gas
and need to be removed. Testing has so far revealed that tar, unsaturated hydrocarbons, cyanide and
benzene are problematic. The question for the fermentation stage of the AMBITION project is what levels of NH3 and H2S are acceptable and to what levels the other contaminants need to be removed. The
H2/CO ratio of the product gas fed to the fermentation stage is between 0.5 and 1 in most cases. Further shifting is necessary if more hydrogen is needed. The particular strain of micro-organism used for
fermentation will determine the final ratio of H2/CO/CO2.

WP3 highlight from
AMBITION
Newsletter number 4

ECN>TNO’s Berend Vreugdenhil
presents conclusions from the AMBITION Berend Vreugdenhil
lignin gasification tests at ECCRIA 2018,
Cardiff in September 2018.
ECN>TNO

E: berend.vreugdenhil@tno.nl
W: www.tno.nl
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WP3 Highlight i-MILENA Lignin Tests

WP3 highlight from
AMBITION
Newsletter number 4
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WP3 Highlight Lignin Gasification
In Q4 of 2018 the lignin gasification
test within the AMBITION project was
completed.

WP3 highlight from
AMBITION
Newsletter number 4

Beech wood and lignin were gasified using the
MILENA indirect 30kW gasifier at ECN>TNO.
The gasifier was coupled with systems for syngas
cleaning and conditioning, as shown in the picture
below, in order to meet the specifications for the
syngas fermentation process.

Six bottles in total were filled and transported to KIT for the syngas fermentation tests.
Florbela Carvalheiro, LNEG, Portugal.

Gasifier coupled with systems for syngas cleaning and conditioning
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WP3 Highlight WP3 - Gasification cleaning
Both tests went very smoothly and all
measurements were performed according to
schedule. The resulting syngas from beech wood
and lignin gasification, after cleaning and
conditioning, was free of tar, BTX, sulphur
compounds and unsaturated hydrocarbons.

Six bottles in total were filled and transported to
KIT for the syngas fermentation tests. The average
composition of the syngas from lignin gasification
is shown in the following graphs. The results of the
lignin gasification and syngas fermentation will be
summarized in an upcoming publication.

WP3 highlight from
AMBITION
Newsletter number 4

Florbela Carvalheiro, LNEG, Portugal.

This syngas has now been used at KIT for
fermentation in comparison to model mixtures
and gas from KIT’s bioliq plant.

Berend Vreugdenhil
ECN>TNO

E: berend.vreugdenhil@tno.nl
W: www.tno.nl
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WP3 Highlight Lignin Gasification
Work package 3, led by ECN>TNO,
aims to adapt existing gasification
technologies to add value to
biorefinery residues, in particular
lignin-rich fractions from 2nd
generation bioethanol production.
WP3 also aims to develop pathways for improved
high added value carbon utilisation from biomass
with particular focus on obtaining H2/CO ratios for
downstream syngas processing.
Different lignin-rich feedstocks provided by
AMBITION consortium partners were used for
gasification tests in ECN’s MILENA indirect
gasifier, the updraft gasifier at ENEA and the BFB
gasifier at LNEG. Results are compared on an
equal basis using detailed measurements and the
same input.
ECN’s Results

differences in feedstock composition, which is
observed in gas compositions, especially NH3,
HCN, H2S and COS. Tar results from gasification
are also different for each technology and the
conclusion is that technology preference depends
on the type of lignin.
Utilizing gas from the gasifier in a fermentation
process requires additional clean-up. This will be
investigated in the second year of the project.
Another interesting insight is that lignin currently
is a waste or by-product from a process that
makes sugars from biomass. These processes
are not intended for production of a clean lignin
fraction which influence applicability in a
gasification set-up, however it might be valuable
for biorefineries to consider this outlet and adjust
their processes accordingly. For example the use
of acids will end up in the lignin and therefore as
an impurity in the gasification gas. Also the drying
approach (for example pressing the water out) will
affect the feedstock compatibility with gasification
processes.

The main goal was to determine the performance
of the fuels and product gas quality in the different
gasification technologies. The following aspects
ECN presented their lignin gasification results
were investigated:
during the IEA workshop on Waste Gasification
8th of May 2018 in Petten. The presentation is

Determination of the product and flue gas
Florbela
Carvalheiro, LNEG, Portugal.
available
via www.ieatask33.org.
composition


Energy balance and cold gas efficiency
(CGE)



Carbon conversion and mass balance

WP3 highlight from

Regarding impurities, there are significant
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WP4 Highlight Synthesis Gas Fermentation
The main scope of WP4, led by DTU, is
to develop a biological process for
conversion of syngas to biofuels.
The development includes strain
engineering, fermentation optimization
and process design.
The strain engineering has been focused on a
thermophilic gas-consuming bacteria belonging to
the genus of Moorella. For that, molecular tools
have been developed, such as a colour reporter
system, which allows bacteria to change colour
from white to black when a specific gene is
expressed. This will support the strain
development work towards the creation of a
Morella strain with a novel product pattern.
In continuation of this, initial tests have been
conducted in order to prepare the thermophilic
strain for evaluation in a controlled bioreactor
environment.
Butyrate production from mesophilic gasconsuming bacteria has also been investigated as
part of this WP. Five bacterial strains were
selected in order to study their butyrate production
capabilities from syngas, in a single or dual-culture
system.

The conversion performance from carbohydrates
and syngas is being characterized and optimized
in terms of gas-substrate composition, conversion
yield, acids production, microbial viability, and
performance.



2018-04-18 Bioengineering platforms
workshop, Australian, Oral presentation on the
work with bacteria relevant for gasfermentation.



2018-02-08 SHAPE Energy – Oral
presentation of the project in the sandpit and
poster presentation outlining AMBITION



2017-11-13 The Danish Microbiological
Society Annual Congress, Oral presentation,
presenting both scientific achievements and
the project.



2017-05-07 Data-driven Biotechnology
Conference, Copenhagen, Scientific poster
presentation.

Upcoming Presentations



2018-09-06 Oral presentation of the work
related to WP4 at the ECCRIA conference on
Fuel and Energy Research



2018-09-18 Unknown type of presentation
(scientific) at Clostridium conference in Munich

Full publication: Jensen TØ, Pogrebnyakov I,
Falkenberg KB, Redl S, Nielsen AT (2017)
Florbela Carvalheiro, LNEG, Portugal.
Application
of the thermostable betagalactosidase, BgaB, from Geobacillus
stearothermophilus as a versatile reporter under
anaerobic and aerobic conditions. AMB Express 7
(1):169 doi:10.1186/s13568-017-0469-z https://
amb-express.springeropen.com/articles/10.1186/
s13568-017-0469-z

This work has been featured at the following
conferences:

Torbjørn Ølshøj Jensen
WP4 highlight from

Technical University of Denmark
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Project Co-ordinator
E: bernd.wittgens@sintef.no
W: www.sintef.no

Francisco Girio
Work Package 2 Leader
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E: francisco.girio@lneg.pt
W: www.lneg.pt

Berend Vreugdenhil
Work Package 3 Leader
Gasification
E: vreugdenhil@tno.nl
W: www.tno.nl

Alex Toftgaard Nielsen
Work Package 4 Leader
Syngas Fermentation
E: atn@biosustain.dtu.dk
W: www.dtu.dk

Nicolaus Dahmen
Work Package 5 Leader
System Integration
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Tony Bridgwater
Work Package 6 Leader
Promotion & Dissemination
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This project has received funding from the European Union’s Horizon 2020 Research and Innovation
Programme under grant agreement number 731263. This newsletter was produced by the European
Bioenergy Research Institute, Aston University, UK on behalf of AMBITION. contributors Aston University.
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