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Boosting the cellulytic degradation of steam
pretreated barley straw

Lisa Rosgaard Novozymes Inc.
Starch R&D
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Unlocking the magic of nature



Babilafuente Bioethanol Proje(!J)d?a-ZDQ? B

 Develop the technology to include lignocellulose
from barley and wheat husks and straw in a fuel
ethanol pilot plant concomitantly utilising barley
and wheat grain

* Production capacity is aimed at 200 ML/year of R
which 195ML will obtained from barley grain and Babilafuente, Salamanca, Spain
5ML from lignocellulosic material (barley and

wheat husks and straw)

o Supported by the EU (5th Framework
programme)
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Key research areas at NO\M 'esm- H I

e Cellulose conversion

o Hemlcellulose conversmn
. Enzyme efflc:lency

‘« Substrate loading

* Lignin-enzyme interaction
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Testing fermentation broths onignoceliul sel

Small scale testing (2g scale at 2% dry matter)
6 hours incubation

Benchmark: Celluclast:NS188 = 2.3: 1mg enzyme per g reaction ~8FPU: 13CBU
per g solids

0.035mg broth protein per g reaction

Corresponding to approx. 10% of the total protein load pH 5
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L. Rosgaard, S. Pedersen, J. R. Cherry, P. Harris, A. S. Meyer. Biotechnology Progress



Testing fermentation broths o "n’uoce

1 Benchmark
| 2xBenchmark
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Testing fermentation broths o!gln'ocell.ulcEE-IB

Chaetomium thermophilum - pH 4.8, 48°C

Thielavia terrestris +
Thermoascus aurantia +
Corynascus thermophilus +
Myceliophthora thermophila +
Penicillum funiculosum +
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+ = all optimum at pH 4.8-5,
48-50°C and compare to
Celluclast/NS188 on lignocellulose

Conclusions

* The tested fermentation broth samples significantly boosted the
cellulose conversion when benchmarked against Celluclast® +
Novozym 188.

 The data also demonstrated that spiking, rather than substitution, of
Celluclast® + Novozym 188, may be a feasible way forward in
industrial, large scale cellulose conversion

novozymes®®



‘l e
Increasing substrate loading == .' ‘LI

e The viscosity of the slurry decrease rapidly W|th|n the first

hours of hydrolysis. This gives the opportunity to load
additional substrate
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L. Rosgaard, P. Andric, K. D. Johansen, S. Pedersen, A. Meyer. In prep. for Applied Biochemistry and Biotechnology
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Increasing substrate Ioadlrgz i .

* Reaction conditions: whole slurry of dilute acid hydrolysed barley
straw. pH5, 50°C. Full enzyme loading at the start of reaction.

Working hypothesis

5+5+5%

Glucose concentration
Cellulose conversion
1

6 hours 24 hours
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Increasing substrate loading- B
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* Viscosity decrease is rapid but does not decrease when
additional substrate is added
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Increasing substrate loading4! i @ ~« |
Cellulose conversion %"
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« Additional substrate loaded does not appear to be efficiently hydrolysed
Conclusion

* There was no net benefit of gradually increasing the substrate loading
with respect to cellulose conversion or in relation to viscosity. However
It Is speculated that mixing of substrate and enzyme as well as timing of
adding additional substrate is crucial.
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Outlook- Novozymes Biotechc!gynDal]s, LA.

* Enzyme discovery

e 2001: US Department of Energy (DOE) and National Renewable
Energy Lab (NREL) collaboration to bring down the cost of enzymes
for ‘biomass to bioethanol’ production.

« 2005: Target was met and surpassed by a 30-fold reduction in costs
to 0.1-0.18$ per gallon.

« Extensive research and engineering of cellulases has led to a new
generation cellulase products for bioethanol production.
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