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White Biotechnology In
Specialty Chemicals -

Opportunities and
Limitations
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Renewable feedstock —application for
energy or chemicals?

,Roughly 90 % of total chemical production is based on crude oil and
natural gas!* (IFEU-Institut, Heidelberg)

Can biomass significantly substitute fossil feedstock in terms of:

competition against energy use and nutrition
savings in CO2 emission

availability in sufficient quantity and quality
competitive price level

sustainable land use

efficient transportation ?

Can biomass serve as general feedstock (biorefinery or pyrolysis) like oil
and gas or does it ,,only* apply for nice use (e.g. surfactants)?

Source: Evonik industies
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Key topics for biotechnological feedstock

Feedstock material and its use
Price continuity and dynamics
Competition against fossil-based production

Real products based on ,renewables*

Source: Evonik industies
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Pathways of biomass conversion

59

surfactants

Milling /Extraction Ethane
1,3 - Propanediol
Ethanol

Fermentation
Biorefiner Diverse chemicals

Methane fermentation Bio-methane

Pyrolysis

Olefines
Phenoles
Methanol

Source: IFEU-Institut Heidelberg Source: Evonik Industries
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Use of renewable feedstock in downstream markets

starch sugar vegetable oil || cellulose biogas fat

Renewable feedstock

Lubricants @ fuels textiles
CORNIYS ¢ o : :
_ electricity insulation
[
food g@tives heat construction

additives paper/board

pharma

automotive

Energy use
Fiber use

plastics

solvents

purce: Evenik industies
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Current situation and outlook for ,bio“ chemicals

In 2010 up to 10 % of chemical products will be produced in biotechnological processes

Source McKinsey study

Our view:

Present situation: bio-products stand for about 5 % of chemical sales;
limitations in global feedstock availability

Future: bio-products in specialty chemicals can be doubled midterm

Most important products are today

Bioethanol (actually 30 Mio t/a)

Amino Acids (actually 1.5 Mio t/a)

Vitamines (e.g. Vitamin C)

Citric Acid (actually 700 k t/a)

Enzymes (e.g. detergents, food, feed)
Sweeteners (e.g. Aspartame, sugar-alcohols)
Lactic Acid (actually 150 k t/a)

L i
Soeurce: Evonik Industries
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General applicablility of renewables in chemical ind ustry

Many possible applications in various chemical sectors and
downstream areas
Huge variety in technology, some processes already established since
years/decades, some others still in developmental stage
Highly efficient processes required to enable competitive use of
renewable resources
Renewable resources can
deliver building blocks for further conversion into higher value
chemicals thus substituting classical fossil-based base chemicals
be used as feedstock for fermentation processes
provide more sophisticated chemicals to be further modified in
high selectivity or used directly in formulations
be applied as such for energy and heat generation
serve as filler component for composite material
Competing areas / applications with different ,fit for purpose” and
availability

Source: Evonik industies
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Renewable resource efficiency as economy driver

Efficiency of renewable

resources for chemical production

or saving potential in terms of

CO, equivalents varies |

. . mmm resource yield t/ha

significantly
Availability of resources may

change due to competing

downstream use and different

price strategies (e.g. palm oil /

rape seed oil for chemicals and

nutrition) and possible alternative S S e 207

land use opportunities

BIF)dlvel’Slty aspects need to be Yields for various renewables used as feedstock in
considered Bioethanol production.

Although being suitable as feedstock for production of chemicals does not
automatically mean that a specific renewable resour  ce is economically feasable

Soeunce: Evonik Industries
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Correlation between world market prices for fossil
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and renewable resources

Development in market
price for renewable resources
is actually not correlated with
the price for crude oil.

Price for Ethanol is not
reflecting the increasing
demand for fuel substitutes
yet. Reason: limited market
penetration of E5 to E85 and
FFV* in major parts of the
world

Stronger correlation with
crude oil is to be expected
(e.g. in Brasil price of crude
oil and Ethanol is directly
correlated (¢c>0,85))

Source: Evonik industies
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Competitive raw materials are available, but non-av  ailability of
processes limits the potential of BioRenewables

Petrochemicals Production Pricex C H O  Carbon

Ethylene C,H, 1l0miot/a 890€/t 86 % 14 % 1035 €/t C
Propylene CsHy 75miot/a 850€/t 86 % 14 % 988 €/t C

Benzene CeHg 45 miot/a 830€/t 92% 8 % 902 €/t C

BioRenewables Production Price* C H @) Carbon

<¥ Glucose CsH1,06143 miot/a 300€/t 40% 7% 53 % 750€/tC

Bio-Ethanol C,H;O 36 miot/a 365€/t 52% 13% 35% 700€/tC

*prices as of May 24th, 2007, Bio-Ethanol price for Brazil

With kind permission of Dr. M.Villela; Evonik Creav  is Technologies & Innovation

Soeunce: Evonik Industries
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First experiences with dependence on ,fossil
resource” prices

Price development of Biodiesel
iIn Germany is directly correlated

to fossil fuel

Different
taxation

Same price development for pellets
and natural gas

Source: Evonik industies
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Fatty acids
Fatty alcohols
(Poly-) Glycerol
Sugar
Polysaccharides
Essences

Cremes

Lotions

Shampoos

Cosmetics

Sunscreens

Shower gels

Fabric softeners
Surfactants, detergents

Advantages:

biodegradability

skin compatible

no/low environmental impact
favourable risk characteristics

ource: Evonik Indusiries
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conventional raw mat. enzymatic raw mat.
—
volatile comp.+«— +— catalyst catalyst reaction
recycled

aqueous waste+—

desodor.

|

bleaching

!

agueous waste +—

drying

|

solid waste +—

filtration

!

packing

Benefits

+—— filter aid

applied temperature

>180°C

140°C

100°C
60°C
20°C
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A

packing
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TEGOSOFT MM

TEGOSOFT CR

—
~

Source: Evonik Industries
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Energy ressources (MJ)
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with enzymatic process
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PO, equivalents
3709
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0,75
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Acidification (kg SQ.,)
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Smog formation (kg ethylene)

s

Convent. Enzym. Savings

*All data
on
5 ton scale

U

ource: Evonik Indusiries
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Sugar

fermentation quality
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Price equals
270 US $/t
EU max. price
730 €/t

ource: Evonik Indusiries
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Dehydration
Ethylene

2 DOWLEX

polyethylene resins

350 thousands
tons/year

Publicly announced in Sao Paulo 19.07.07
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