





Initial results

The New University of Lisbon cloned and expressed pentose transporters in order to
improve the sugar uptake by baker’s yeast.

Work undertaken at the Johann-Wolfgang Goethe-University at Frankfurt am Main
resulted in codon optimised genes for arabinose utilisation in baker’s yeast. This
improved the ethanol production rate two and a half times (Fig. 13 on previous page).

Lund University performed reverse metabolic engineering on baker’s yeast strains that
had been engineered by random and targeted methods to improve their xylose-ferment-
ing capacity. The group identified thirteen genes that potentially favour xylose fermenta-
tion, of which five indeed proved to have this property.
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Figure 14: New strains of S. cerevisiae, developed in NILE, start growing much sooner than
old ones.

The Swiss Federal Institute of Technology Zirich developed technology that permits broad
analysis and quantification of a large number of lignocellulose-derived compounds that
inhibit ethanolic fermentation (page margin). It used this knowledge together with evo-
lutionary engineering to develop xylose-fermenting strains with improved tolerance to
non-detoxified lignocellulose hydrolysates. The new strains start growing much sooner
in non-detoxified hydrolysate (Fig. 14). Lund University combined pentose-ferment-
ing inhibitor-tolerant strains with optimised fed-batch fermentation protocols, thereby
enhancing the ethanol yield from non-detoxified hydrolysate (Fig. 15).
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Figure 15: Improved ethanol yields through improved strains of baker’s yeast and fed-batch
fermentation.
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process technology

Mission

Figure 16a: The lignocellulosic ethanol pilot plant
at Ornskaldsvik in northern Sweden

The aim of this component of the NILE
project is to investigate the full poten-
tial of new yeasts and new enzymes
developed by the NILE partners in
pilot-scale plant (Figs. 16a-c). Evalu-
ation at near industrial conditions
will be performed in two pilot plants
using either softwood or wheat straw
as raw material. The objective during
these trials is to obtain reliable data
for process design and for economic
and environmental assessments. Flow
sheet models for evaluation will be
developed in order to identify bottle-

necks and also to serve as guidelines for further experimental work. Finally, combustion
and granulation properties of the lignin-rich hydrolysis residue will be evaluated. Due to
its energy content, lignin will play an important role in determining the overall economic
viability of NILE's work. Lignin’s value in non-energy end-

uses is also being assessed.

Figure 16b: Cut away diagram
of the pilot plant

Figure 16c: Fermentation
tanks in the pilot plant.
Here the sugars released by
hydrolysis are broken down
to ethanol.



Initial results

During the first two years of the project, pilot-scale tests with commercially available
yeast and enzymes were performed in the pilot plant located in Ornskoldsvik in Sweden.
Hydrolysis and fermentation, either performed in separate vessels ("Separate Hydroly-
sis and Fermentation”) or simultaneously in the same vessel ("Simultaneous Hydrolysis
and Fermentation”], were evaluated using softwood as raw material. All process steps
were included in the trials, and various process conditions in pretreatment and enzy-
matic hydrolysis were assessed in cooperation with scientists at Lund University. Valu-
able experience has been gained and yields have been obtained that can be regarded as
a good reference for future trials and also for future up-scaling from pilot-scale units to

industrial production units.
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Figure 17: Lignin granules

Preliminary flowsheet models of both the
softwood and wheat straw processes were
completed during the first half of the NILE
project. These models emphasise the
importance of reducing the cost of enzymes
and increasing substrate concentration in
enzymatic hydrolysis in order to improve
the economics of the process. The models
will be further developed during the coming
years as new data become available within
NILE.

In the pilot plant trials and in the hydro-
lysis activities, lignin hydrolysis residues
from both softwood and wheat straw have
been produced and analysed with promis-
ing results. Fuel granules produced from
the hydrolysis residue (Fig. 17) are of a
quality that corresponds to international
standards for fuel granules. The thermal
impulse needed to ignite the granules is
no greater than that required for wood
fuel granules. One problem, however, is
the high ash content in wheat straw resi-
due. The ash may cause sintering prob-
lems in the lignin burner.

The finished product: a bottle of lignocel-
lulosic ethanol
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ofj NILE’S technical achievements

Improving the enzymatic hydrolysis of lignocellulosic materials is a real challenge.
NILE's partners are exploring several novel approaches to increase the saccharification
of pretreated (steam-exploded) wheat straw and spruce. At the end of the project’s sec-
ond year, several enzymatic systems or mixtures have been modified or prepared and
their effects are now being investigated. The first results show that the hydrolysis yield
can be improved by at least 20%.

A substantial fraction of lignocellulosic material consists of pentoses (xylose and arabi-
nose), which need to be efficiently converted to make the bioethanol process cost effective.
Baker's yeast (Saccharomyces cerevisiae) cannot ferment these pentoses, but it combines
high ethanol and inhibitor tolerance and efficient ethanol production from hexoses [like
glucose), making it the prime candidate organism for industrial bioethanol production.
Atarget for NILE, therefore, is to obtain stable xylose- and arabinose-fermenting S. cere-
visiae strains that tolerate the toxic compounds present in lignocellulosic hydrolysates
(phenolic and carboxylic compounds from lignin and acetylated hemicellulose, and furan
compounds generated by the degradation of hexoses during pretreatment). Substantial
increases (more than 50%) in the ethanol yield and in specific ethanol productivity have
been obtained in the first two years of NILE using metabolic and process engineering.

While some of the experimental work called for in a project of NILE's ambition may
be conducted at small scale, it is crucial also to examine what the water and energy
demands of an optimised representative industrial-scale process would be, requir-
ing the testing of different process configurations. SEAKB E-Technology has car-
ried out several such tests at the pilot plant in Ornskéldsvik (Sweden), using either
“Separate Hydrolysis and Fermentation” or “Simultaneous Saccharification and
Fermentation” configurations. In addition, the quality of the lignin residues obtained
using various configurations has been characterised in detail to identify possible high-
value end-uses.

Assessments of the economic and environmental impacts of liquid biofuel production
systems have been performed in the past, but most often these impacts have been
studied separately. NILE will deliver an integrated assessment of the economic and
environmental costs and benefits of biofuel production pathways. The project will
provide new insight into the costs and environmental performance of lignocellulosic
routes to bioethanol based on specific processes and chains.

In later stages of the project, NILE's lignocellulosic ethanol will be tested in car
engines.



