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e DuPont

« Genencor
 logen

« BASF
 NatureWorks
 Diversa
 Codexis
 Metabolix
 Dyadic

Section Member Companies

* Novozymes

e Carqill

« DSM

 Pure Vision

e Rohm and Haas
 Abengoa Bioenergy
e Nexia

« Eastman Chemical
e Dow
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“Sustainability is securing people’s quality
of life within the means of nature.” v wacemage
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 The application of life sciences in conventional manufacturing
and chemical synthesis

* Industrial biotechnology magnifies and expands nature’s vast
genetic database to improve manufacturing processes and to
help make new products from renewable feedstocks

 Can use wild type or genetically enhanced bacteria, yeasts,
fungi, animals and plants - - and can be based on whole cell
systems, enzymes, or combination with nanotechnology
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The Technology

Industrial Biotechnology

Converges seamlessly with other scientific
disciplines

Is potentially disruptive (to other industries)

Is a powerful source of innovative new
products and processes

Is spreading broadly into the manufacturing
sector

Provides competitive advantages to early
adopters
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= Broad Range of Applications ==

And spreading rapidly
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Bioinformatics Gene Metabolic  Protein Micro- Bio-
Genomics Expression Path Eng. Englneerlng Blology Engineering Fermentation
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From Barbara Miller- Dow
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e New Industrial Revolution ?

d OLD CHEMCIAL
PROCESS

Many Steps
Glucose
Ca-Arabonate
Ca-Ribonate
Riobolactone
Ribose
Ribitylxylidine
Phenylazo-RX
VITAMIN B2

Hazardous
—> Waste
Generation

d NEW INDUSTRIAL
BIOTECH PROCESS ¢

One Step

Fermentation with
genetically enhanced

microorganism

No
Hazardous
Waste

VITAMIN B2
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Industrial biotech is already taking off and will be one of the
key innovation drivers over the next 10 years in chemicals

The trend towards biotechnology will continue and accelerate,;
an estimate shows that in 2010, about 20% of the chemical
market (~USD 280 billion) will be affected by biotech with a
total value creation potential of about USD 160 billion

Only those large players with broad skills in biotech will capture
the full value creation potential in fine chemicals

Radically new business models will appear and threaten
traditional players but will also allow opportunities for fast
movers and early adopters with novel products

Source: McKinsey
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O RGAL‘IZAT[O

Fossil/
Petroleum

FEEDSTOCKS

Biobased/ L

Renewable

Chemical/Thermochemical Biocatalytic

Source: Council for Chemical Research PROCESSES
In Early Stages of Development



B?o
e How Does Industrial Biotech Work?

* [t can be simple - biodiesel for example

 Can involve converting renewable ag feedstocks to multiple
products

« Or more complex - using enzymes - natures own
biocatalysts - to accomplish “green chemistry” reactions

« [t can involve nanotechnology - carbon nanotubes and
enzymes for example

« [t can involve animals, plants or microbes as biological
“factories”— spider silk from goats

e |In most cases it starts with microbes
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e Microbes Found in Nature
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Bio Using the Natural Diversity of Microbes
to Find Biotechnology Solutions
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Ocean carbon pumping Biomass conversion
& nanotech apps.

Low temperature Methane production
enzymes for industry
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Microbes from Nature

Creating Biological e Natyre’s diversity
Diversity

e Molecular evolution

Creating ENZYME
Expression | ENzYME PRODUCTION |

V.
ermentation
="
-
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& SR RN
Water
pollution

Hazardous
Waste Generation Air

Pollution

Climate Change
Emissions
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——— Cooperation and Development (OECD)

Task Force on Biotechnology for
Sustainability Industrial Development

Mission
o Study the use of industrial biotechnology to assist

developed and developing countries in achieving
sustainable development

 May 2000, the OECD Working Party on

Biotechnology commissioned the Task Force to
prepare a study on this topic



Bio
-z Completed OECD Report

The Application
of Biotechnology
to Industrial
Sustainability

SUSTAINABLE DEVELOFPMENT

21 Case studies of industrial biotech already in

use by companies around the world
Edited by Dr. Mike Griffiths
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Why OECD did the study?

* No collections of comparable case studies
existed, and

 No analysis at that time on the policy implications

Why did OECD Task Force do it?

* Believed industrial biotech should be on every
Industrial agenda-- and on every list of
parameters
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What did the study look at?
 |dentification of companies which have adopted new

biotechnology processes (21 case studies)
 The factors in corporate decision making

 The policy lessons which emerged

What the OECD task force wanted to know:

« Can biotechnology provide a cheaper option?

e Can economic and environmental improvement go
hand in hand?



B’O Breakdown of Cases by Sector

=! and Cou ntry

Industry Pharma Fine Bulk Food & Textiles Pulp Minerals Energy
sector chemicals chemicals Feed &
paper
Austria 1
Canada 2 2
Germany 2 1 1
Japan 1 1 1
Netherlands 1 1 1
S. Africa 1
UK 1 2 1
USA 1




Big Manufacture of Vitamin B2
— (Hoffman La-Roche, Germany)

e Substituted multi-step chemical process with a
one-step biological process using a genetically
modified organism

 Land disposal of hazardous waste greatly
reduced

 Waste to water discharge reduced 66%
e Air emissions reduced 50%
o Costs reduced by 50%



Removal of Textile
Finishing Bleach Residues
(Windel, Germany)

Hydrogen peroxide used for bleaching textiles
usually requires several rinsing cycles

New enzyme process -- only one high temperature
rinse Is needed to remove bleach residues

ReC
Reo

ReC

uced
uced

production costs
energy consumption by 14%

uced

water consumption by 18%
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Zinc Refining
(Budel Zinc, Netherlands)

process -- finishing wastewater contains heavy
s, sulphuric acid and gypsum was used to

preci
New

pitate sulphates
biological process was developed using sulphate

reducing bacterial enzymes for sulphate reduction

This process allows zinc and sulphate to be converted
to zinc sulphide which can then be recycled to the
refinery

AS a

result, no gypsum sludge is produced, water

guality has been improved and valuable zinc is
recycled



512 OECD Report Significant
— Findings

Industrial biotech invariably led to a more environmentally
friendly process

It also resulted in a cheaper process

but....

The role of the environment in corporate decision

making was secondary to cost and product quality,
unless....

Environmental legislation/regulation is driver

-- then the decision might be change process or close
the plant!



New Industrial Biotech Report
June 2004

New Biotech Tools for a
Cleaner Enu1r0nment

Industrial Biotechnology Fnr' Pollution Pre l:in
'ﬁ:nm:hurcn Conservationa nd Cost Redu ct

Follow on to the OECD Study
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» Biotech process changes in . _
the production and bleaching » The potential energy savings

of pulp for paper of industry-wide application
of this process in the

» reduce the amount of European paper industry

chlorine chemicals

necessary for bleaching would result in a CO2
by 10-15% emissions savings of
o between 155,000 and
» could reduce chlorine in 270,000 tons annually
water and air as well as
chlorine dioxide by a
combined 75 tons per » Industry-wide use of this
year process would result in an

energy savings equal to half
the annual output of an
average sized natural gas-

> lowers wastewater fired power plant
toxicity

» cut bleaching-related
energy uses by 40%
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o Ethanol from Biomass

ORGANLZATION

(logen, Canada)

Ethanol currently produced by fermenting grain
(old technology)

Cellulose enzyme technology allows conversion
of cellulose containing crop residues (stems,
leaves and hulls) to bio-ethanol

Results in reduced CO, emissions by more than
90% (compared to oll)

Allows for greater domestic energy production
and it uses a renewable feedstock



Bzo Iogen s Cellulosic Ethanol Plant
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<«logen’s fermenter

wheat straw
& hammer mill ‘

R LA\%




Enzymes as Molecular Machines for Manufacturing

Cellulase: Molecular Machine
for Energy Conversion

—_—

e E_ H -Hm

T

Glucose fermented to ethanol




Bio GHG Mitigation from Corn Stover Energy
e Alone is 6% to 10% of US Kyoto Reduction

(30% of total, 80 million dry tons)

 US Emissions, M MT CE, 2008-12 ... 1,740

 Kyoto Required Reduction....... 496
« Corn Stover Potential .......... 30-50

— Reduced Tillage
30% of 32 MM ha Corn

0.7MTC/halyr............ 7to10
— N Fertilizer Reduction
0.8 MM MT N Fertilizer.... 3to20
— Fossil Feedstock Replacement
6to8BilGalEtOH .. .... 14 to 20
Plus 30% corngrain............ 7t010
110

BEST CASE 1/5 of US emission reductions needed!

Source James Hettenhaus CEAssist
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 Industrial biotechnology offers the private sector
remarkable new tools for pollution prevention that
have not been widely available before now

 There is a technology gap where the biotech tools
are available but companies don’t know about them
or are not familiar enough with biology to adopt them

 More research and development must be undertaken
to increase the utility and efficiency of these
biotechnology processes across a broad range of
Industrial applications
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Federal and state policymakers should fund research
that will quantify in greater detail the pollution
prevention benefits of this technology to assist policy
decision making

Policymakers should explore regulatory and non-
regulatory incentives for greater use of industrial
biotechnology to accelerate pollution prevention and
cleanup of the environment

International organizations such as the United Nations
Conference on Trade and Development and the United
Nations Industrial Development Organisation should
help developing countries identify appropriate
technologies that can be readily adopted by them and
appropriate strategies for technology transfer
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#2357 Further Study Is Needed To:

 More accurately quantify the pollution prevention,
natural resource conservation, energy and societal
benefits of emerging industrial biotechnologies

e Quantify the public health benefits that could be
achieved through greater use of industrial biotechnology

 Quantify cost savings, Job creation benefits, and
transition costs through economic and social analysis
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Carbon <) Biotech <——) Silicon
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- BlOlOgYy Has Caused a Paradigm

~ Shiftin Nanotechnology

Pre-2000

Materials Science,
Engineering and
Technology,
Electronics

Biological Sciences

and Bioengineering

Post-2000

e Biosensors with great sensitivity and selectivity

» Bottoms-up design of electronic circuits and devices

 Functional materials for chemicals, electronics,
consumers

Hard to manufacture and manipulate
= using principles of engineering and

materials science
But...biology can do It !!

Source: Jonathan Dordick
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Composites
Jlh-r
. !% H,SO,: HNO EDAC
: ' 3:1 NHS "

Enzyme molecules inside carbon nanotube --
Increases catalytic activity in hon-aqueous solutions

From presentation by Jonathan Dordick Rensselaer Polytechnic Institute
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=% Other Enzyme Applications

Stabilization of
enzymes in a
bioactive enzyme
matrix to prolong
enzyme’s catalytic

_ activity
EEEEEEEE- = | | Enzyme stays active
SRl for 50 days instead

: : of 5 hours

Excellent for
manufacturing,
pollution clean up or
CBW defense

VLR L L
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jatoms As a Source of Mater

for Nanotechnology
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-z Diatom Genome Now Sequenced

« Genome sequenced by Mark Hildebrand, Marine
Biology Research Division, Scripps Institution of
Oceanography, University of California, San Diego

1. Diatom silica structures are formed by expression
of genes synthesizing proteins, carbohydrates,
and other molecules involved in making these
structures

2. By elucidating the underlying genetic and
biochemical mechanisms, scientists can develop
technologies to specifically manipulate biological
nano-structures



510 Diatom Cell Walls are Composed of
Organic Material ... ... and Silica

INDUSTRY
ORGANLZATION

Untreated Acid Cleaned

A typical diatom is 10-20 ym across and smaller scale features are
tens-to-hundreds of nanometers

They are made form SiO2 is the chemical composition of glass
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« How much can carbon nanotube enzyme combos
reduce the use of hazardous chemicals in non-
aqueous reaction systems?

e Can genetically engineered diatoms make more
environmentally benign electronic components or
be used as an enzyme maitrix for biocatalysis?

e Can new diatoms be engineered to act as better
filters for water clean up?

e Can diatoms skeletons be combined with
enzymes for toxic waste decontamination?
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Summary

Industrial biotech is already being used in many

ING

ustrial sectors around the world and use Is

ex

panding rapidly

Industrial biotech is disruptive and
transformative for some existing industries
(but In a good way)

Industrial biotech is relatively non-controversial

Industrial biotech usually results in significant

PO

llution prevention benefits

Industrial biotech can help companies stay
competitive in the global market place
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SEEE Summary con’t.

Quantification of existing and potential benefits for
iIndustrial sustainability need more work

Research is needed to help demonstrate to
companies that it is in their interest to switch to a
less polluting process and to help bridge the
technology gap

More R&D funding needed for industrial biotech
applications

Government regs like the USDA purchasing
preference rule can be helpful incentives

That full potential will not be realized in the near
term without appropriate governmental support
and incentives
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 New journal
INDUSTRIAL BIOTECHNOLOGY
launched in April 2005 IEIHD]':[']EI:E]IEH;FEEIELIDJE%

 BIO website www.BIO.org

e OECD website for report

on biotech & sustainability
www.oecdbookshop.org
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Thank You

Biobased Products for a Cleaner Environment (G
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