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Strategic growth areas: Biobased Energy
and Materials, a role for Marine
Biotechnology ?

Cees M.J. Sagt; Principal Scientist Strain Development
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Global presence

North America:
33 locations
4,000 employees

World total:
200+ locations
22,000 employees
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Europe:
64 locations
13,000 employees

Latin America:
15 locations
1,000 employees

31 locations
3,000 employees

India:
8 locations
700 employees
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DSM In the news In 2012

08/08 DSM acquires nutrition businessfrom Tortuga, a nutritional
supplements company from Brazil

06/12 DJSI: DSM Awarded Twice forSustainability Leadership

06/05 DSMenzymes for cellulosic ethanol qualified by DONG
Energy

0530 Brazil 6s 1st Cel | ulbS$liCeyedst hano

05/18 DSM to acquire Ocean Nutrition Canada to expand its
Nutritional Lipids growth platform

05/03 Announced bid for acquisition KenseyNash to strengthen DSM
biomedical business

03/26 DSM acquires food enzymes business and key technology from
Verenium

03/13 Start construction of advanced bio-fuels plant

01/23 Joint venture POETADSMAdvanced Biofuels
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Mission

Our purpose is to create brighter lives for
people today and generations to come.

We connect our unigue competences in

Life Sciences and Materials Sciences to create
solutions that nourish, protect and improve
performance.

DSM
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Gl obal soci et al trends d

Climate & Enere »

Ageing population Population growth Resources constraints

Healthcare costs Urbanization Energy security

Food securi Wealth Sustainabili

Nutrition Materials
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Oil will Run Out and Biomass is Renewable
Biobased Economy - Back to the future

A Oil consumption

1000 2000 3000

A brief
moment
in history
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Key activity areas

Health

Advanced, cost-effective health and medical
innovations, and healthier food and beverages, to meet
the needs of a growing and ageing global population

Nutrition

Worl dbés | eading producer
ingredients meeting the growing need for more
nutritious and more sustainable food and animal feed

Materials
Enabling lighter, stronger, more advanced and more
sustainable performance materials

BRIGHT SCIENCE. BRIGHTER LIVING.
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HEALTH | NUTRITION

Combating

vitamin D
deficiency

Feeding the
planet

WEFP partnership

Qi) ortd rood ODSM\

Improving nutrition. Improving lives.

DSM
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MATERIALS

Sustainable
windmill blades

Enabling
wind powered

shipping

Capturing the
power of the sun

Biogas

DSM
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A need for alternative sources/feedstocks




And for third generation biofuels:

Market study, Algae 2020,

-the seaweed grows faster than terrestrial crops

-has high sugar content for conversion to advanced biofuels and ethanol
-absorbs more airborne carbon than land -based plants

-has no lignin : . .
-requires no pretreatment for ethanol production -

-can be harvested up to six times a year in warm climates.

Bio Architecture Lab efficiently converts seaweed to
renewable fuels and chemicals by engineered E. coli

AYAAAS
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The Potential and Promise of Microalgae Production

A Microalgae productivities (g/m  2/day) can be significantly higher than
terrestrial crops

0 Algae 2535 g/m?/day vs sugar cane 3-5 g/m 2/day
A Microalgae does not compete directly with food production

0 Utilize saline water rather than fresh water
d Utilize desert/non -agricultural land

A Microalgae can directly utilize CO , from industrial sources

A Microalgae can exhibit higher production of lipids than traditional
crops

BRIGHT SCIENCE. BRIGHTER LIVING.
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Current Commercial Uses of Microalgae:
Human/Animal Nutrition and Health

Arthrospira/Spirulina (bluegreen algae) i Whole cell forms
I Nutritional supplements/food additive

Dunaliella (green algae) i Beta-carotene
T Nutritional supplement/food ingredient

Haematococcus (green algae) - Astaxanthin
T Nutritional supplement/animal feed ingredient

Schizochytrium (stramenopile) T DHA & DHA+EPA oils
I Nutritional supplements/food ingredient/animal feed ingredient

Crypthecodinium (dinoflagellate) T DHA oil
I Nutritional supplements/infant formula ingredient

Chlorella (green algae) i Tablets/cosmetic oils/veg oil repl.
I Nutritional supplement/food ingredient

DSM
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Current Commercial Production Technology

A Outdoor Ponds (30,000 mt/yr)

Arthrospira/Spirulina__ (bluegreen algae)
Dunaliella (green algae)
Haematococcus (green algae)

Chlorella (green algae)

Qx Ox Ox Ox

A Photobioreactors (100 -200 mt/yr)

0 Haematococcus (green algae)
d Chlorella (green algae)

A Production costs: %8 -$80/kg J
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