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Executive Summary

INTRODUCTION

The advanced biofuels and biobased chemicals industry is poised for rapid
growth as the markets grow for alternatives to petroleum. Minnesota has an
opportunity to be a global leader in bioindustrial processing and the emerging
biobased products industry. The state can build from its current assets and
channel its legacy in adding value to agriculture and forest resources.

For the last century, Minnesota has
proven itself to be a global leader in
the sustainable growth of the con-
ventional biobased industry, includ-
ing the manufacturing of food, feed,
and fiber. In fact, sawmills and flour
mills provided an initial basis for the
economic growth of Minneapolis, St.
Paul, and the rest of the state in the
latter half of the 1800s. More recently,
the state pioneered the development
of the ethanol and biodiesel industry.

The capabilities and infrastructure of
the conventional biobased industry
provides a base to build upon for the
growth of the emerging biobased
industry. Minnesota companies will
continue to see opportunities to se-
cure investment for expansions into
production of advanced biofuels and
biobased chemicals.

Critical Definitions
Bioindustrial processing industry » The advanced biofuels
and biobased chemicals industry, where industrial biotech-

nology is used to process biobased resources into valuable
fuels and chemicals.

Conventional biobased industry » The industry manufac-
turing traditional agriculture and forest products such as
food, feed and fiber and the value chain associated with
manufacturing these products. Also includes the manufac-
turing of corn ethanol and soy biodiesel.

Emerging biobased industry » The industry manufacturing
advanced biofuels, biobased chemicals, bioenergy, bio-
polymers, bioplastics and the value chain associated with
manufacturing these products.

Renewable materials » The chemicals, biofibers, polymers,
and materials that can be derived from renewable, biologi-
cal resources including agriculture, forestry and other
biobased resources.

Sustainable bioeconomy » Economy based on sustainable
use of renewable resources to meet the growing food,
material, and energy needs of the world.

Additionally, the state has already emerged as a leader in the growth of com-
pany headquarters within the biobased chemicals industry.

Background

The following roadmap is designed to provide a pathway to accelerate the in-
dustry’s development. The report details factors influencing the development
of the global advanced biofuels and biobased chemicals industry, identifies
opportunity areas for Minnesota, and sets forth strategic recommendations.

The roadmap was developed under the guidance of The BioIndustrial
Partnership of Minnesota, a group of businesses, government officials, and
academics who are committed to realizing Minnesota’s potential as the center
of development for the advanced biofuels and biochemicals industries.

The Minnesota Roadmap: Recommendations for Biolndustrial Processing



These efforts will accelerate industry growth, job creation, and value-added
manufacturing that build upon Minnesota’s agriculture and forest-based
resources. These recommendations, if followed, can lead to the addition of
12,000 direct and indirect jobs in bioindustrial processing by 2025 across

Minnesota, as detailed in Appendix E.!

GLOBAL TRENDS

Factors influencing industry
development

Advanced biofuels and biochemi-
cals combine forces in a drive to
replace the whole barrel of oil — not
just fuels. In today’s oil refinery
industry, 3 percent of the volume of
feedstock is used for a wide array of
chemicals, while another 70 per-
cent is used for fuels. However, the
total revenues from each category
are equal. For this reason, indus-
try development for the emerging
biobased industry must proactively
include the production of biobased
chemicals, as well as biofuels, in
order to create maximum value.

However, years of research and
development and commercial de-
velopment will be required before

a product in the emerging bio-
based industry can be viable in the
marketplace, creating significant
high-technology jobs. Additionally,
manufacturing of advanced biofuels
and biobased chemicals is capital
intensive, making it important to en-
sure funding availability across the
spectrum. The opportunity is large
for successful companies, however.

Partnerships are critical factors to
consider in the growth of companies
in the emerging biobased economy.

Categories of partnership will include

OIL BARREL BREAKDOWN ., refinery

Despite consuming a small fraction of US oil Gases, 2.30%
compared with fuel, petrochemical
products are worth more.

Miscellaneous
products, 0.40%

Still Gas, 4.10%

Asphalt and road oil,
3.00% Petroleum coke, 5.00%
Waxes, 0.10%
i 9
Lubricants, 1% Special Naphthas,
0.20%

Residual Fuel Qil,
3.80%

Heavy Fuel Oil, 6.10%

Petrochemichals,

including: naphtha,
ethane, ethylene, other

oils, 3.40%

~$375bn
Pre-tax value of petrochemical products, such as
plastics, cosmetics, pesticides, detergents, paints
and adhesives (excluding pharmeceuticals)

SOURCE: U.S. DEPARTMENT OF INDUSTRY 2005, AMERICAN INSTITUTE OF CHEMISTRY

Figure 0.1, Oil Barrel Breakdown into Products

Historical and Projected Crude Oil Prices
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Figure 0.2
Composite of Petroleum Product Prices, Reference Case, High Oil Case, and Low Oil Price
Case. (2011) US Department of Energy: Energy Information Administration. Annual Energy
Outlook. Imported Low Sulfur Light-Crude Oil. Retrieved February 10, 2012 from http://

www.eia.gov/oiaf/aeo/tablebrowser/

Historical data from Spot prices from crude oil and petroleum products. (2012). Retrieved
February 14, 2012, available from: http://www.eia.gov/dnav/pet/pet_pri_spt_s1_a.htm

« Downstream buyers of products, to ensure that a market exists for bio-

based chemicals, and

+ The conventional biobased industry, to minimize capital requirements

and ensure biomass supply.
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Downstream market development: Biobased chemicals

Biobased chemicals are being used in an increasing array of products, includ-
ing everyday items such as plastics and cleaning agents.

The global market value of biobased chemicals is projected to reach $483 to
$614 billion across a broad range of chemicals by 2025, as detailed by the
USDA.? This represents more than a 20 percent market share of the global
chemicals industry.? A variety of factors are driving growth in market demand.

First, petroleum prices are on a long-term upward trajectory, in part due

to the increasing difficulty of extraction and transportation of crude oil.
Between 2000 and 2010, the average cost of bringing a new oil well to pro-
duction doubled.* For chemicals dependent on petroleum-based feedstocks,
supplies have been squeezed, and as a result, prices have increased. These
market dynamics are creating an opportunity for biobased chemicals to pro-
vide a cost-effective alternative.’

Additionally, consumer demand is growing for safer, more environmentally
friendly products. Chemical regulation is becoming more stringent, and
renewable materials that perform well in final products are helping fill the
market’s demand for safer materials. These products provide clear value to
their customers in terms of functionality and sustainability.

Downstream market development: Biofuels

Global demand for biofuels is projected to increase from $82.7 billion in 2011
to $185.3 billion by 2021.° Policies requiring consumption of advanced bio-
fuels across the globe continue to be implemented, and over time, these will
likely continue to result in increased requirements for environmental per-
formance. Additionally, development of the technology and required supply
chains for cellulosic biofuels are expected to advance quickly.

Agriculture supply chain development

The conventional biobased industry stands to benefit significantly from addi-
tional markets, revenue, and profit that bioindustrial processing can provide.

Agriculture is well-positioned to meet increasing demand for food, feed, fiber,
and fuels. Growth in yields for existing crops can enable the growth of new
markets to utilize agricultural feedstocks, even while meeting existing de-
mand. Additionally, the harvesting of agricultural residues will lead to added
value from the land. In some cases, new crops will be developed for industrial
purposes, such as diversified prairie grasses and energy beets. Bioindustrial
processing could have profound impacts on agriculture production.

Forestry supply chain development

The forest products industry has been battered by economic turmoil in the
past five years. Declining forest products output, and the resulting decline
in timber production in Minnesota, has resulted in a systematic underuti-
lization, an inability to manage some areas of the forest, and lost economic
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activity. Advanced biofuels and biobased chemicals provide an opportunity
for growth that leverages existing infrastructure, established supply chains,

and Minnesota’s rich forest resource.

MINNESOTA’S STRENGTHS

The state’s bioindustrial processing industry is strong and growing, and
Minnesota’s economy has an opportunity to benefit from its development.

Minnesota is well on its way to being a global leader in bioindustrial processing,.
Within the state, companies are supported by research and education from world-
class universities, a supportive public sector, and a strong history for industry cre-
ation in the development of the first generation ethanol and biodiesel industries.
Additionally, there are four general categories of strengths listed below.

1. Emerging cluster of bioindustrial
processing company headquarters

The state has a critical mass of companies on
the cutting edge of the development and imple-
mentation of new bioprocessing technologies.
The state continues to drive toward the develop-
ment of a sustainable industry cluster. Nearly
2,000 direct and indirect jobs have already been
created through this economic activity.

The availability of talent is among the primary
reasons for the growth of this new cluster, along
with local biomass resources. Minnesota has

« Experienced executives in an array of
biobased industries,

« Scientists and engineers with superior
expertise in the production and conver-
sion of biobased feedstocks, as well as
the design and manufacturing of final
products, and

» Accomplished service providers, such as
lawyers, engineers, and accountants.
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Figure 0.3, BioIndustrial Processing Companies

with headquarters or major operations in Minnesota
The map is intended as a list, not an indication of location.

Assuming Minnesota’s industry can grow at a rate similar to global market
growth, direct and indirect employment in bioindustrial processing company

headquarters is projected to total 7,000 by 2025.”

2. Feedstocks

Another advantage for Minnesota is that the state has sufficient agricultural
and forest resources available to provide a diverse set of feedstocks for manu-
facturing advanced biofuels and biobased chemicals. Key assets include:
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» Strong agriculture production. The state ranks fourth in the nation
for production of corn, and third in the nation for soybeans, and is

the top producer of sugar beets.

+ At least 3.2 million green tons of surplus wood available in northern

Minnesota.®

3. Existing infrastructure

A third advantage for Minnesota is
the state’s strong conventional bio-
based industry, which provides nec-
essary infrastructure for integrated
biorefinery development. Facilities
in the ethanol, biodiesel, and forest
products industry have the poten-
tial to develop additional revenue
streams. In partnership with the
emerging biobased industry, exist-
ing biorefinery infrastructure can be
repurposed for the advanced biofu-
els or biobased chemicals markets,
which is the case for three shuttered
oriented strand board (OSB) facili-
ties in northern Minnesota.

The manufacturing of advanced bio-
fuels and biochemicals could result
in the employment of over 6,000
people by 2025 in a combination of
partnerships with existing biorefin-
eries as well as new construction.
The impact for rural communities in
Greater Minnesota could be consid-
erable, just as it was in the recent

emergence of the conventional biofu-

els industry.

\ Quetico
Graftoh Provm:a: Park L
ol Thief
! River Falls -
Grand Forks © @ E;;LL__/H

o k thppera 2 Sup:erior /

Crookston nal Forest Vitginia .
| Ber?'ni i %.bg_ o) National Forest//
| ibbing P —
.' Grand @' - 7

v S

Fa'(r’go Rapids hil o~ /
ity l s /

Chequamegon
5 / St@ud J National Forest Rhinecl
r--N -~
\ p: L] N
Brame (
Wausa
g @ neapolls aplewood ¢
Watertown
@ Eau Claire .
Brcol-un is = Wisc

» k
B'V’ %@chester \

- La Crosse

f
il L L Ay AL

Sioux Falls ‘1
Figure 0.4, Minnesota’s ethanol, biodiesel, pulp and paper mills,

large sawmills, and engineered wood products facilities

4. Established base of large companies in related industries

Finally, Minnesota is home to 20 Fortune 500 companies.® Several of these
large companies could be drivers in the value chain for renewable materials,
including Cargill, 3M, Ecolab, H.B. Fuller, Target, and CHS.

Within these companies exist established capabilities that could be lever-
aged to provide logistics systems for commodity supply chains, formulation
and manufacturing of products using biobased chemicals and biobased in-
termediates, and distribution and sales of goods to end users. Mutually ben-
eficial relationships along this value chain can solidify the favorable market
position of downstream partners, while enabling growth in the advanced
biofuels and biobased chemicals industry.
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A STRATEGY FOR MINNESOTA

Given Minnesota’s advantages in resources, knowledge, and infrastructure,
industry development is expected to occur across all stages of company
growth, from early-stage development through manufacturing scale-up and
global market growth.

The following strategies provide a roadmap to allow Minnesota to realize its
potential as a world leader in bioindustrial processing.

1. Ensure availability of funding options for bioindustrial
processing

Financing will be of critical importance to the industry. A full spectrum
of investment is needed, from seed and angel funding to venture capital
and long-term debt capital. Tactics include:

« Educating investors and financial institutions about the unique oppor-
tunity to develop the bioindustrial processing industry in this region,
and

« Ensuring awareness, availability, and access to federal and state
financial support to accelerate research and development through
full-scale manufacturing

2. Communicate Minnesota’s competitive advantages to the
global industry

Minnesota’s unique combination of assets provides opportunities

to actively position the region and individual biorefineries as strong
places to develop business opportunities. Other geographies are aggres-
sively competing in this space, including other U.S. states, Brazil, and
Southeast Asia. Outcomes would include the attraction of companies,
business leadership, and investment.

A second tactic would be to provide support to individual facilities that
have the desire and financial interest in partnering with advanced bio-
fuels and biochemicals companies. Identification of viable partners and
navigation of federal policy programs are two major areas of need.

3. Enable production and development of end markets for bioin-
dustrial processing

Continued improvement of the regulatory environment in Minnesota is
critical for the development of manufacturing in the state. Adjustments
in policies must be designed to include considerations to accelerate
speed of time to market and minimizing costs for companies. Additional
details are provided in the policy section of this document.

Furthermore, policies must be developed in a fashion that ensures
inclusivity for all types of biofuels. This can ensure the overall biofuels
market continues to grow for various applications.

For renewable materials, education will play a role in ensuring that
parties across the value chain understand the factors behind demand.
For example, a manufacturer who understands how to take advantage
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of market growth from green-conscious consumers, perhaps through the
use of biobased materials, can stand to benefit significantly from new
market opportunities.

4. Organize industry-led efforts to develop a voice for the industry

Successful implementation of the strategy described above will rely on the
development of a stable voice for the industry. The focus of the organiza-
tion would be industry growth.

Harnessing collective efforts to develop and communicate clear and con-
cise messages can raise the profile of bioindustrial processing, providing
multiple benefits in terms of developing supportive policies and driving
investment and business partnerships to the industry.

CONCLUSION

The advanced biofuels and biobased chemicals industry is set for strong
growth, and Minnesota has the assets to sustain a global leadership posi-
tion. Implementation of the prior recommendations will serve to acceler-
ate this growth.
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