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Reference:: W. Soetaert, E. Vandamme, Biotechnol. J. (2007)

World Production and World Market Prices for Important
Microbial Fermentation Products

Pictures: BMBF, WBT (2008)
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White Biotechnology – Products Available in Ton-Scale

Reference: Weiße Biotechnologie – Chancen für neue Produkte und umweltschonende Prozesse, BMBF (2008)
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Reference: M. Patel et al. BREW-Report (2006)

The Value Chain of White Biotechnology – Main Products
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Reference: M. Kircher, Biotechnol. J. (2007)

The Value Chain of White Biotechnology – Intermediates?
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Reference: D.B. Turley in: Chemicals from Biomass, Wiley (2008)

White Biotechnolgy – 13 key plant carbohydrate-derived
building blocks identified in the EU „BREW“ project

Acetic Acid Fumaric Acid Malic Acid
Acetone Glutamic Acid Propionic Acid
Butanol Gluconic Acid Succinic Acid
Citric Acid Itaconic Acid
Ethanol Lactic Acid

Pictures: BMBF, WBT (2008)



KIT- The cooperation of Forschungszentrum Karlsruhe GmbH 
and Universität Karlsruhe (TH)

7

Reference: M. Kircher, Biotechnol. J. (2007)

The Value Chain of White Biotechnology – Substrates?
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White Biotechnology today –
What are the main substrates used today?

Main C-sources: glucose, sucrose, starch, glycerol, 
acetate
Main waste substrates: sugar cane and sugar beet
molasses, corn steep liquor, deproteinised whey, 
waste streams from food and paper industries
Main complex medium components: yeast extract, 
malt extract, peptones
Chemical precursors for more complex products
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Reference: Dirk Carrez, Wim Soetaert, EuropaBio and ESAB (2007)

White Biotechnology –
„The Vision 2025“ (EuropaBio and ESAB, 2007)
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The „Biomass Triangle“

Biomass

Food

Energy and ChemicalsAnimal Feed

All Pictures:WWW (2009)
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White Biotechnology –
Will it be possible to use alternative substrates?

Substrates used for industrial microbiology
processes have been optimised since many years.
At the moment no better substrates are available
according to optimal microbial growth, product yields
and prices.
Substrate availability is sufficient for today´s
microbial production processes, but will not meet the
demands for biofuel and chemical production. 
It will be necessary to use substrates not in 
competition with food or animal feed and to evaluate
waste and by-product streams as substrates. 
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Reference: A.A. Koutinas et al. in: Chemicals from Biomass, Wiley (2008)

Production of chemicals from plant saccharides

X X X
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Reference: J.F. Clarke and F.E.I. Deswarte in: Chemicals from Biomass, Wiley (2008)

The concept of the „Green Biorefinery“:

Press Juice

Energy,
Green Biomass Chemicals,

(fast growing grasses) Materials,
Food & Feed

Press Cake
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Reference: J.F. Clarke and F.E.I. Deswarte in: Chemicals from Biomass, Wiley (2008)

The concept of the „Green Biorefinery“
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The „Green Biorefinery“ –
A future key role for „Green Biotechnology“?

„If plants would be easily degradable to sugars,        
there would be no plants.“ (Weyman, 2008) 
The development of „energy plants“ optimal for the
production of biofuels and chemicals will take at 
least a decade of time.
An interesting alternative could be a high cell density
cultivation and use of microalgae. 
Another alternative, which already is under
investigation, is the use of waste biomass containing
cellulose, hemicellulose and lignin. 
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Reference: J.F. Clarke and F.E.I. Deswarte in: Chemicals from Biomass, Wiley (2008)

The concept of a  „Microalgae Biorefinery“:

Press Juice

Energy,
Microalgae Chemicals,

Materials,
Food & Feed

Press Cake

Picture: BMBF, WBT (2008)
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White Biotechnology –
Composition of selected plants and biomasses

Reference: D. Ernst, A. Neumann and C. Syldatk (in preparation)
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Reference: W. Soetaert, E. Vandamme, Biotechnol. J. (2007)

World production and recent world market prices
for different feedstocks
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Reference: J.F. Clarke and F.E.I. Deswarte in: Chemicals from Biomass, Wiley (2008)

The concept of the „Lignocellulosic Feedstock Biorefinery“
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Starch or grain biorefineries versus lignocellulose
biorefinery – a pretreatment of the substrate is needed

Reference: Top Value Added Chemicals from Biomass, NREL (2007)
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The lignocellulose feedstock biorefinery –
The necessity of pretreatment of lignocellulose

Reference: D. Ernst, A. Neumann and C. Syldatk (in preparation)
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Physical and chemical pretreatment of lignocellulose

Reference: D. Ernst, A. Neumann and C. Syldatk (in preparation)
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Reference and Pictures: F.E.I. Deswarte et al, Bioprod., Biofuels, Bioref.  (2007)

The lignocellulose feedstock biorefinery –
Effect of mechanical pretreatment of straw by grinding
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Enzymes necessary for hemicellulose degradation

Reference: D. Ernst, A. Neumann and C. Syldatk (in preparation)
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Commercially available „enzyme cocktails“ for
lignocellulose degradation

Reference: D. Ernst, A. Neumann and C. Syldatk (in preparation)
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The lignocellulose biorefinery –
Enzyme costs are still the limiting economic factor

Reference: Top Value Added Chemicals from Biomass, NREL (2007)
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Reference: J.F. Clarke and F.E.I. Deswarte in: Chemicals from Biomass, Wiley (2008)

Availabilty of biomass –
Estimated EU biomass potential in millions of tons

Year 2010 2020 2030

Organic Waste 100 100 102

Energy Crops 43 - 46 76 - 94 102 - 142

Forest Products 43 39 - 45 39 - 72

Total 186 215 - 239 243 – 316

Demand of Oil in the EU (2000): 1.660
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The lignocellulose feedstock biorefinery - R&D-potential

Reference: D. Ernst, A. Neumann and C. Syldatk (in preparation)
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Conclusions –
Chemicals from waste biomass and by-products

Only the development of integrated processes
(chemistry, biology, agriculture, forest and process
engineering) will enable an economic production of 
chemicals from biomass in future.
The aim should be to develop new integrated
processes at the same time meeting the demands of 
food, animal feed and energy production.
The use of cellulose, hemicellulose and lignin as 
well as of plant and microalgae „green juices“ and 
„press cakes“ is promising but still demanding strong
R&D input.
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What are we doing at the moment?

ERA-SME-project „Bi-Cycle“: An integrated microalgae & 
yeast approach for production of single cell oils, biofuels and 
fine chemicals. 

Companies are still welcome to join our project!
BMBF-project „BioSysPro“ (Network of 3 FhG institutes
and 3 universities): New routes to chemical synthons
FNR-project „Microbial biosurfactants from renewable
resources“ together with industrial and academic partners
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Thank you for your attention!

Contact: christoph.syldatk@kit.edu

For further reading: 


