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Minnesota-based organizations have been at the forefront of early development of biobased
products and biobased plastics. The Agricultural Utilization Research Institute (AURI), the
Minnesota Soybean Growers Association and the Minnesota Soybean Research and Promotion
Council (MSRPC) believe that this industry is an emerging opportunity for Minnesota busi-
nesses to capitalize on consumer demand. For this reason, our organizations partnered to bring
forward a comprehensive report exploring the opportunities and challenges facing the industry.

While the biobased products industry is extensive, this report focuses on bioplastics.
The report emanated from the West Central Minnesota Renewable Materials Coalition’s interest
in developing renewable materials cluster. The Coalition has already begun to work with local
manufacturers with an interest and capabilities to manufacture products using bioplastics that
meet targeted client company specifications. Due to the significant potential statewide impact,
this report was expanded to address the assets and opportunities across Minnesota.

During the past several months, AURI has worked with Russell Herder, a Minnesota-
based market research firm, to systematically garner the insights of key players in the bioplastics
industry. In addition, the Student Marketing Advisory Center at Southwest Minnesota State
University conducted a survey of manufacturers. The survey gauged perceptions and awareness
of biobased alternatives. Using this information, the project team developed a comprehensive
review of opportunities and recommendations.

This report is only the first step. Development of innovative solutions requires commu-
nication among multiple stakeholders across a wide spectrum of interests; collaboration is neces-
sary to advance mutual interests. This growing network will require extensive and deliberate
planning. AURI, with the help and support of partners like the Minnesota Soybean Growers,
will convene and develop a network centered on innovation in the biobased materials sector
that generates economic impact across the state.

AURI and the Minnesota Soybean Growers look forward to continuing to partner
with agriculture, academia, government and the state’s processing industry to grow the biobased
products industry in the state and nation. We hope that you will join us in this exciting work.

Sincerely,

Al Christopherson Gene Stoel

Chairman of the Board Chairman of the Board
Agricultural Utilization Research Institute Minnesota Soybean Research and

Promotion Council

AURI
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Minnesota Soyhean
Research & Promaotion
Couneil



EXECUTIVE SUMMARY

SUSTAINABILITY: Reshaping Corporate Strategy

Note from the Authors:

While specific companies and products are
mentioned within this study, this document
is not intended to provide an exhaustive or
comprehensive review of the entire bioplas-
tics industry and all who are involved in it in
Minnesota, the United States or around the
world. This study is not intended to show
preference to any specific companies, prod-
ucts or technologies. Rather, information in-
cluded in this report is a snapshot in time.
We have included examples of companies
and products mentioned to provide an over-
all framework for discussion and to under-
score significant points. We deeply
appreciate the cooperation of those who
graciously gave of their time and expertise
in the preparation of this report, and invite
others with an interest or experience in this
area to contact AURI for possible inclusion
in future updates.

Carol Russell and David Buchholz—Authors
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Executive Summary

Progress toward sustainability
has moved from emerging
trend to mainstream
commerce.

Executive Summary

The Process to Successful Adontion of Bioproducts

Wichout question, progress toward sustain-
ability has moved from emerging trend to main-
stream commerce. Management in corporate
America has embraced sustainability as a rich
strategy in an intensely competitive global econ-
omy — so much so, that 93 percent of CEOs see
such initiatives as important to their company’s
future.! Though markets have tightened in the
past couple of years, even the recession appears
not to have derailed continued development of
next-gen green products and the infrastructure
needed to manufacture them.

Minnesota is likewise feeling the impact -
and market potential - of such innovative
thinking. One dimension of this is in bioplas-
tics, a family of products that can vary consider-
ably in form and function, yet offer strong
potential for growth.

As a market category, plastics typically play
an important role in almost every aspect of our
lives — from the cars we drive to the beverage
containers, household items and furniture we
encounter everyday. While most are found in
containers and packaging, durable and non-
durable goods are also ubiquitous. The world-
wide market for packaging, alone, is valued at
$429 billion, with a growth forecast of $500 bil-

lion in sales within the next few years.?

But, despite broad use of plastics, there are
significant issues in their production and dis-
posal. In 2008, alone, the United States gener-
ated approximately 13 million tons of plastics in
the municipal solid waste (MSW) stream. Con-
sumers have taken notice and are applying pres-
sure to entities such as food companies to make
packaging more environmentally friendly. In re-
sponse, sustainable packaging is projected to
represent 32 percent of the total global packag-
ing market by 2014. Plastic-based packaging,
which represents 35 percent of all materials
used, will be the fastest-growing sector within
the sustainable packaging market over the next
few years.?

A number of factors, such as a desire to re-
duce dependence on oil, environmental con-
cerns related to pollution and landfills, and
human health issues are driving market interest
about bioplastics around the world — well be-
yond just packaging.

Minnesota manufacturers understand the po-
tential in this trend. Eighty-one percent say that
it is important, at least to some degree, for their
business to produce environmentally sustainable
products.’

While interest in bioplastics exists, awareness
is lacking. Thirty-nine percent of Minnesota
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plastics manufacturers say they feel uninformed
about the uses and opportunities for biobased
material. Yet, two-thirds of Minnesota plastics
manufacturers anticipate increasing their use of
biobased material throughout a range of indus-
try subsectors — most predominantly, within
bioplastics and biopolymers.

To ultimately be successful, industry experts
say there are issues within bioplastics that must
be addressed, such as the financial equation.
Friedrich Srienc, Professor at the BioTechnology
Institute, University of Minnesota, agrees. “The
bottom line is basically economics. People are
not really willing to pay more for things because
they are biodegradable or sustainable,” he says.*

Also, while manufacturers express a desire to
use biobased materials from both an environ-
mental and marketing perspective, they have
concerns about the ability of these materials to
meet the specifications and standards of their
customers. Other issues complicating the
growth of biobased materials — at least for now
— lie in the complex regulatory sector. For a
manufacturer distributing internationally, these
concerns can extend far beyond Minnesota’s
borders.

With the projected growth in incorporating
bioplastics into the production and supply
chain, there are steps that could be taken to in-
crease adoption. Education could ease the
process: 80 percent of Minnesota manufacturers
indicate an interest in learning more about uti-
lizing biobased material in their operation. But,
while increasing the knowledge base is critical to
the innovation process, a lack of information
may be impeding industry growth.

Also, resolving issues related to the waste

stream could be advantageous. While the initial
push in bioplastics was toward compostability,
the fact is that the infrastructure needed to en-
sure biodegradable performance under opti-
mum conditions simply does not exist. As well,
securing funding for biobased material research
is another challenge that needs addressing.

Bioplastics offers the opportunity to not only
help drive employment and the economy, but to
positively impact Minnesota’s rural communi-
ties. The state appears to be well positioned to
become a leader in the bioplastics industry, in
part because it already has clusters of renewable-
materials companies that are converting agricul-
tural products into biofuels, chemicals and
bioplastics. In fact, more than 75 Minnesota ac-
ademic, private and public organizations are
now involved in biomass catalysis and synthesis;
more than 80 Minnesota organizations work in
materials science; and at least a dozen Min-
nesota companies — large and small - produce
renewable bioplastics and biopolymers.5 Ac-
cording to experts, the state has what is needed:
the intellectual capital, the innovative spirit, the
environmental mindset, rich agricultural re-
sources, a receptive manufacturing community
and a proven track record in fostering biocataly-
sis.

So, where are the greatest opportunities? The
proverbial “low-hanging fruit” is most fre-
quently said to be in pressure-sensitive adhe-
sives, foam, hardened plastics, packaging and
certain types of non-load-bearing or non-criti-
cal-performance molded products. There is also
indication that there may be opportunity in ver-
tical integration: owning several stages of the
value stream — from manufacturing to distribu-

Executive Summary

Interest in bioplastics exists...
but awareness is lacking.

While increasing the
knowledge base is critical to
the innovation process, a lack
of information sharing may be
impeding industry growth.

The state has what is needed:
the intellectual capital, the
innovative spirit, the
environmental mindset, rich
agricultural resources, a
receptive manufacturing
community and a proven
track record in fostering
biocatalysis.



Executive Summary

"There is need for more
connecting of the dots. It will
take a little bit of capital and a
little bit of risk tolerance
before that kind of thing can
come together. But it will
never happen if people don't
start talking about it."

- Doug Cameron, Alberti Advisors

tion — either directly or through partnerships
and agreements.

Perhaps Doug Cameron, of Alberti Advisors,
said it best: "There is need for more connecting
of the dots. It will take a little bit of capital and a
little bit of risk tolerance before that kind of
thing can come together. But it will never hap-
pen if people don't start talking about it."¢

Recommendations

What needs to take place for bioplastics pro-
duction to grow in Minnesota? The following
steps are recommended:

Educate

o Proactively shape awareness, attitudes and
understanding of the economic, health and envi-
ronmental benefits of biobased products among
consumers, retailers, manufacturers, and the fi-
nancial and agricultural communities.

o Support Minnesota educational institutions
in shaping the skills and mindsets necessary for
sustainable development.

o Provide education to manufacturers to help
ease transition of using biobased material in
their operation.

o Conduct a “connect the dots” conference
which brings resin/polyol providers together
with university researchers, start-ups, manufac-
turers and venture capital to discuss what is hap-
pening, who is doing what and to begin
networking Minnesota ideas, research and busi-
nesses that can help each other succeed.

o Evolve group into a community of innovation
to help nurture potential of biobased manufac-
turing in Minnesota.

o Aggressively raise the media profile of what is
happening in Minnesota related to biobased
plastics, green chemicals and bioproducts.

Collaborate and Support

o Nurture an investment environment more
favorable to stimulating innovation and market
development.

o Create an innovation ecosystem involving ac-
ademic institutions, nonprofits and the private
sector that encourages knowledge sharing and

joint ventures.

o More robust technology transfer. A guide or
website that incorporates services available to
increase biobased opportunities.

o Encourage a strategic approach toward devel-
oping and manufacturing biobased products,
supported by comprehensive and coordinated
legislative actions in such areas as agricultural,
environmental and industrial policy.

o Find ways to leverage Minnesota’s strong bio-

fuels foundation in the next-generation green
chemicals marketplace.

o Support financing of demonstration projects
and onsite assistance to manufacturers to further
encourage adoption and up-scaling of biobased
production and innovations.

o Investigate the possibility of using ethanol
plants as the centerpiece for a biorefinery “campus,”
including incubators for start-up green chemical
companies, biomaterials research and develop-
ment, and manufacturing using biobased mate-
rials, including the use of distillers grains as
plastics strengtheners and the emerging research
on using waste glycerol from biodiesel produc-
tion to produce bioplastics.

o Consider a biobased plastics manufacturing
pilot plant facility in which manufacturers, bio-
plastics resin/polyols suppliers and product de-
velopers could test processes and products
before scaling up to full production.

Remove Barriers

o Create a clearer and more positz've regulatory
environment for sustainability.

o Support the development of closed system col-
lection, recycling and composting of biobased plas-
tics in large companies, athletic facilities, etc.
(e.g.» University of Minnesota, Cargill, Target
Field).

o Conduct a pilot educational study of a com-
munity-based composting infrastructure
whereby residents could bring compostable ma-
terials — including bioplastics — to a single
neighborhood composting location.
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Sustainahility

“It appears that skepticism
over sustainability reigns.
Problemiis ... business

leaders didn't get the memo.”
- StarTribune, January 2011

"Sustainability now has to be
on everyone’s agenda, and
that represents a fundamental
change."

- Klaus Kleinfeld, Alcoa

Sustainahility

Reshaping Corporate Strategy

There is little doubt that progress toward
sustainability is alive and well. From cleantech
to energy efficiency, biodegradable products to
recycling, the topic is demanding global atten-
tion. “It appears that skepticism over sustain-
ability reigns. Problem is—for the skeptics —
business leaders didn’t get the memo. Business
isn’t waiting for politicians to act. Sustainability
has moved from the tributaries of society into
the mainstream of commerce,” Chris Farrell
wrote in the Minneapolis StarTribune earlier this
year.’

CEO:s “have a number of stakeholders that
are pushing them in this direction — customers,
investors, employees, even banks and insurance
companies,” Farrell quotes B. Andrew Brown of
Dorsey & Whitney as saying.”

“Management is learning that an embrace of
sustainability is a rich strategy in an intensely
competitive global economy,” according to Far-
rell, who cites that from 2007 through 2009, as-
sets in sustainable and socially responsible
investing rose by more than 13 percent — up
from $2.71 trillion to $3.07 trillion. That com-
pares with a one-percent gain by the broader
universe of professionally managed funds over
the same time period, according to Social In-
vestment Forum, an industry trade group.”

A UN Global Compact-Accenture study
published last year reported that corporate com-
mitment to the principles of sustainability re-
mains strong throughout the world. “In the face
of rising global competition, technological
change and the most serious economic down-
turn in nearly a century ... 93 percent of CEOs
see sustainability as important to their com-
pany’s future success,” the report stated.!

Within the manufacturing sector, next-gen
green products and the infrastructure needed to
support them continue to emerge relatively un-
abated despite the recession, researchers re-
ported in the annual State of Green Business
2010, therefore expanding opportunities for
companies seeking to be part of the growing
green economy.®

Investments in green product development
continue to show growth, especially in large

companies. When asked to identify their top
environmental initiative, increasing investments
in green product development (27%) narrowly
overtook energy-eficiency investments (26%)
for the first time since the annual State of Green
Business study began. When asked about invest-
ment in green product development, 86 percent
said it would be equal to or greater in 2010 than
the previous year.®

“Demonstrating a visible and authentic com-
mitment to sustainability is especially important
to CEOs because it is part of an urgent need to
regain and build trust from the public and other
key stakeholders, such as consumers and govern-
ments — trust that was shaken by the recent
global financial crisis. Strengthening brand,
trust and reputation is the strongest motivator
for taking action on sustainability issues,” the
study observed, based on research interviews
with nearly 1,000 CEOs, business leaders and
academic experts.!

Consider these findings':

o Eighty-one percent of CEOs — compared to
just 50 percent in 2007 - stated that sustainabil-
ity issues are now fully embedded into the strat-
egy and operations of their company.

o Fifty-four percent of management surveyed
feel that this tipping point is only a decade away
— and 80 percent believe it will occur within 15
years — an optimistic view unthinkable in 2007
and testament to the sea-change taking place.

Most corporate executives, according to the
Harvard Business Review, acknowledge that
how they respond to the challenge of sustain-
ability will profoundly affect the competitive-
ness of their organizations.

Yet, in “The Sustainability Imperative,” David
Lubin and Daniel Esty wrote, “... most are flail-
ing around, launching a hodgepodge of initia-
tives without any overarching vision or plan.”

Lubin and Esty maintain that sustainability
has risen to emerging “megatrend” status that
requires businesses to “adapt and innovate or be
swept aside.”

“Getting advantage in a megatrend is not just
about vision - it’s also about execution in five
critical areas: leadership, methods, strategy,



Sustainabhility

Consumers Increasingly Driving
Businesses’ Approach to Sustainability.

Over the next five years, which stakeholder groups do you believe will
have the greatest impact on the way you manage societal expectations?

Respondents identifying each factor in their top three choices:
Consumers
Employees
Governments
Communities
Regulators
Media
Investment community
Suppliers
NGOs

Boards
Organized labor

Other

Source: United Nations Global Compact CEO Survey 2010;
2007 data from McKinsey UN Global Compact Survey

CEOs Report that Sustainability is Fully-Embedded Strategy

Respondents answering “Agree” or “Strongly Agree”

These issues are fully embedded into the strategy 81%

and operations of my company

My company’s board discusses and acts on these 75%
issues as part of its agenda

These issues are fully embedded into the strategy
and operations of our subsidiaries

My company embeds these issues throughout our
global supply chain

My company engages in industry collaborations
and multi-stakeholder partnerships to address
development goals

My company incorporates these issues into
discussions with financial analysts

02010

@ 2007
Source: United Nations Global Compact CEO Survey 2010, 2007 data from McKinsey UN Global Compact Survey

“Getting advantage ina
megatrend is not just about
vision — it’s also about

execution.”
- David A. Lubin and Daniel C. Esty

Consumers—as well as
business and government
customers—are increasingly
central to company
sustainability strategies.

Management feels that the
tipping point is only a decade
away—80% believe it will
occurr within 15 years.




Sustainahility

Consumers — as well as Projected Time Before Sustainability is
business and government Core Business Strategy for Majority of Global Companies
customers — are increasingly Will never be
central to company reze)l;ed
sustainability strategies. More than °
15 years 0-5 years
17% 10%

5-10 years

10-15 years 44%

26%

Source: United Nations Globai Compact CEO Survey 2010

management and reporting. In each area, com-
panies must transition from tactical, ad hoc and
siloed approaches to strategic, systematic and in-
tegrated ones.”

This direction represents a shift, according to
the UN Global Compact-Accenture study —
and one that is being driven by three key fac-
tors':

o Consumers — as well as business and gov-
ernment customers — are increasingly central to
company sustainability strategies.

o Innovative, leading-edge technologies are
advancing the sustainability agenda and increas-
ing transparency through social media plat-
forms.

o Partnerships and collaboration (e.g., with
suppliers, non—governmental organizations, gov-
ernment agencies) are now a critical element in
addressing sustainability issues. Seventy-eight
percent of CEOs believe that companies should
engage in industry collaborations and multi-
stakeholder partnerships to accomplish devel-
opment goals.
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The Plastics Landscape

The Plastics Landscape

A Snapshot of the Plastics Industry

(Uur Plastic Planet

Minnesota is feeling the im-
pact — and market potential of
such innovative thinking. One
dimension of this is in bioplas-
tics, a family of products that
can vary considerably in form
and function, yet offers strong
potential for growth.

Plastics play an important
role in almost every aspect of
our lives, from the cars we drive
to the beverage containers,
houschold items and furniture
we encounter every day. The
largest category of plastics is
found in containers and packag-

ing (e.g., soft drink bottles, lids,

Percentage Distribution of Thermoplastic Resins
2009 Sales & Captive Use by Major Markets

Electrical/
Electronics

All other
3%

Furniture/
Furnishings
3%

2%

Packaging
320 Transportation

3%

Exports
20%

Consumer and

Building and Institutional
shampoo bottles), but the mate- Construction 21%
The widespread use of plastics  rial is also prevalent in durable 16%
is expected to grow, as are (e.g., appliances, furniture) and
governmental and consumer nondurable gOOdS (e,g,, dl.apcrs, Resins Comprising Market Distribution:
demands for more ecol ogically trash bags, cups and utensils, Low-Density Polyethylene (LDPE) Polystyrene (PS)

High-Density Polyethylene (HDPE)
Polypropylene (PP)

Styrene Butadiene Latexes (SBL)

medical dCVICCS)- Polyvinyl Chloride (PVC)

Pike Research estimates that
the worldwide market for all

friendly manufacturing and
end-of-life processing.

Source: ACC Plastics industry Producers’ Statistics Group, as compiled by Veris Consulting, Inc.




types of packaging is currently valued at $429
billion, an annual growth rate exceeding the
total global increase in GDP. “We forecast the
market to surpass $500 billion in sales within
five years,” 2009 findings indicated.?

The demands on packaging have continued
to increase as the global population grows, chal-
lenging industries to react to issues that were
rarely considered in the past. The energy re-
quired to manufacture packaging, and the pol-
lution created during the process, were not high
priorities in years past. Now these factors —
along with what to do with bags, containers, etc.
once they have fulfilled their function — have
grown in concern.

Whether for packaging or other purposes,
the widespread use of plastics is expected to
grow, as are governmental and consumer de-
mands for more ecologically friendly manufac-
turing and end-of-life processing. In particular,
disposal of plastic products has been an increas-
ing issue. According to 2000 Environmental
Protection Agency (EPA) statistics, Americans
discard more than 3.3 million tons of low- and
high-density polyethylene bags, sacks and wraps
alone.!®

Consider these facts!:

¢ In 2008, the United States generated ap-
proximately 13 million tons of plastics in the
municipal solid waste (MSW) stream as con-
tainers and packaging, almost 7 million tons as
nondurable goods and nearly 11 million tons as
durable goods.

o Over 380 billion plastic bags, sacks and
wraps are consumed in the U.S. each year.

o The total amount of plastics in the MSW
stream — about 30 million tons — represented 12

percent of total MSW generation in 2008 - a
twelve-fold increase since 1960.

Plastics are recycled for both economic and
environmental reasons, though overall recovery
of the material for recycling is still relatively
small — just over two million tons, or 6.8 per-
cent of plastics generation in 2008. Recycling of
some containers such as soft drink bottles
reached levels as high as 37 percent, however.!°

Consumer Concern

For years, environmentalists have promoted
degradable plastics along with recycling as the
answer to escalating municipal solid waste dis-
posal and litter problems. While recycling has
risen in popularity, the use of degradable bio-
plastics has lagged far behind due to cost, per-
formance and other considerations.

Consumers, however, continue to apply pres-
sure. In 2 2009 study by Ipsos Marketing, 21
percent of North American consumers surveyed
said food companies should concentrate on
making packaging more environmentally
friendly, compared to 14 percent who said the
focus should be on improving how food tastes.
Support for green packaging from other global
regions was similarly strong: Latin America, 26
percent; Europe, 22 percent; and Asia-Pacific,
15 percent.!!

Though consumer support for more environ-
mentally friendly products is significant, there
are critical issues affecting broad market accept-
ance of bioplastics. Confusion about materials
and terminology, product labeling, and product
end-of-life alternatives are just a few of the ques-
tions needing to be addressed."

The Plastics Landscape
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Percent of Consumers Saying Food Companies
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The Plastics Landscape

Biobased plastics have

BlﬂlllaSllﬁs ne“neu experienced a renaissance.

Biobased polymers have been used in furniture and clothing for thousands of years, with the first arti-
ficial thermoplastic polymer (celluloid) invented in the 1860s. Since then, numerous compounds de-
rived from renewable resources have been developed, but were overshadowed with the large-scale
industrial use of crude oil in synthetic polymer production during the 1950s.'>

In recent years, however, biobased plastics have experienced a renaissance. Many new polymers from
renewable feedstocks have been developed. According to the University of Hannover, there are now
more than 300 types of bioplastics made — at least in part — from such materials as corn, sugar cane
and starch.'

Technically, bioplastics are not a single class of polymers, but a family of products that can vary consid-
erably. European Bioplastics, among other sources, regards such material as having two differentiated
classes:

+ Plastics based on renewable resources; and

+ Biodegradable polymers that meet scientifically recognized norms for biodegradability
and compostability of plastics and plastic products.

Bioplastics Value Proposition

Sustainable Raw Materials > . Compostable or other

(corn, switchgrass, soy, etc.) Bioplastic effective end-of-life scenario
Cradle- Grave-
Biobased Material Biodegradeable

ooooooooooooGoa|-(arbonNeutra|ityoooooooooooo’

Source: Jeff Timm Consulting

While most bioplastics are biodegradable, this is not always the case. Biodegradability is defined by
the chemical structure rather than the origin of the raw materials. As a result, there are synthetic poly-
mers that are considered biodegradable. As well, traditional petroleum-based plastics can be
biodegradable.

There are differences between biodegradable and compostable plastics. A claim that a product or
package is degradable, biodegradable or photodegradable signifies that the entire product or package
will completely decompose into elements found in nature within a reasonably short period of time
after customary disposal. A compostable product indicates that the product or package will become
usable compost (e.g., soil-conditioning material, mulch) in a safe and timely manner through an ap-
propriate composting facility or in a home compost pile.’s




Momentum is Building
Big Brands Adopt Bioplastics

In an effort to drive sales, attract new cus-
tomers and — companies claim — do what is en-
vironmentally responsible, more and more
companies across the United States are looking
for ways to package their products using recy-
cled or renewable materials.

In 2011, Nestle Purina® PetCare’s Purina
One® beyOnd™ reportedly will use a cornstarch-
based polylactic acid lining in its bags as a re-
placement for petroleum-based material. As
Purina explains on its website, “Our commit-
ment requires that we produce high-quality, nu-
tritious pet foods in a caring and responsible
way. That’s where environ-
mental sustainability comes
in. We’re working with
stakeholders inside and out-
side the company, up and
down the supply chain, to
find solutions that are good
for the environment and
good for our business.”!¢

“Consumers are really
looking to associate them-
selves with brands that have
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sumers said the starch-based compostable bags
were too noisy.

The initial launch promoted the fact that the
bags were compostable because they were made
from plants versus plastic. But the technology
Frito-Lay" used to make the packaging resulted
in a bag that was stiffer than the plastic packag-
ing — and louder. Customers complained, even
creating groups on Facebook with names such as
“I wanted SunChips but my roommate was
sleeping...” and, “Nothing is louder than a
SunChips  bag” Online videos reported that the
bag was “louder than the cockpit of a jet,
backed up by decibel level tests.!®
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Brand Manager, Heather
Scott, in an article pub-
lished on STLToday.com."”

One of the challenges,
the article noted, is for companies to find ways
to tap consumer demand for greener packaging
without raising prices. “Our research says cus-
tomers won't pay more for it,” James Glenn,
President and CEO of Houscehold Essentials, a
Missouri company that makes laundry and stor-
age products, was quoted as saying.'”

There are other issues along the corporate
journey toward using biobased packaging mate-
rials.

Dallas-based Frito-Lay”, which is owned by
PepsiCo, introduced a biodegradable PLA bag
in 2009 for all six of its SunChips’ flavors.
Months later, the company reverted most of the
line back to its standard packaging because con-

Kewin Haley

136 People Like This

(,} Allan Lento here's a project for Project Noise!!

Howard Hill h
mast-apf-3363

Rather than being seen as insurmountable
obstacles, however, such challenges are often
considered part of the trial and error process in-
volved in innovation. In Frito-Lay®s case, rather
than abandoning the new concept, the contro-
versial biodegradable bags are still being used
for packaging the original flavor while the com-
pany continues to work on a second-generation
compostable version.

“We here at SunChips® are committed to de-
veloping sustainable packaging solutions that
meet the demands of our snacks and our con-

nce yahoo.com/r
il Tx=0&.v=8

s /Hush - FritoLay-to—pull-

sumers,” Frito-Lay” writes on its website. “We
have several new compostable package options
in the works that look promising and look for-



ward to introducing the next generation com-
postable bag to consumers in the near future.

An industry success story that has been ap-
plauded by the Sustainable Biomaterials Collab-
orative (SBC), a network that has developed
sustainability guidelines for biobased plastics
along their entire lifecycle, is that of Stonyfield
Farm. In October of 2010, Stonyfield, the
world’s leading organic yogurt company, an-
nounced the introduction of corn-based plastic
for its multi-pack yogurt containers in conjunc-
tion with being the first major buyer of Working
Landscape Certificates, a purchasable offset pro-
gram that promotes sustainable corn produc-
tion practices.

"Stonyfield Farm knows that how corn or
other biomass used in plant-based plastics is
grown is a major factor in whether or not the
plastic is good for the planet,’ Brenda Platt,
SBC, commented in a press announcement.?’

Support for sustainability within the retail
and manufacturing also isn’t new. Years ago,
Henry Ford used up to 60 pounds of soybeans
in paints, enamels and molded plastic parts in
his Model T. Plant-based plastic parts included
steering wheels, dashboards and gearshift knobs.
But lower-priced, petroleum-based products dis-
placed these early bioplastics and have contin-
ued to command the marketplace for decades.?!

Today, Ford is using soy-based polyurethane
foams in select models. Toyota plans to replace
20 percent of the plastics used in its automobiles
with bioplastics by 2015. The 2010 Lexus
HS250h contains plant-based bioplastics to in-
terior components including luggage-trim up-
holstery, cowl-side trim, seat cushions, door
scuff plates and tool box areas. Mazda has devel-
oped a bioplastic console and seat fabric — and
other automakers are adopting the use of bio-
plastics and biofoams in their designs at an in-
creasing rate.”!

According to SBC sustainability guidelines,
to be considered green, biobased plastics must
be derived from sustainably grown and har-
vested feedstocks, be manufactured without
hazardous inputs and impacts, and be reused,
recycled or composted at the end of their in-

Market Interest

tended use. Working Landscape Certificates
(WLCs) are a tool for bioplastic buyers to sup-
port complying farming systems.?’

Minnesota-based Jim Kleinschmit, who di-
rects the Institute for Agriculture and Trade
Policy’s (IATP) Rural Communities program
and is a member of the Sustainable Biomaterials
Collaborative (SBC), agrees.

“I think [the impetus behind biobased mate-
rial adoption] is market demand, which is
driven partly by consumers. Companies want to
be part of change, especially one that’s making a
positive difference. But, I think it can also be
driven by regulatory concerns. Some of these
materials are better from the perspective of the
end-of-life, since they can be composted and
not landfilled. I think people are seeing the writ-
ing on the wall. If you look at Minnesota and
the new requirements around using com-
postable bags for leaves and yard waste, it is only
the beginning,” says Kleinschmit.??

“Most Minnesotans have a strong interest in
buying and using products that are biodegrad-
able and environmentally friendly. The problem
has been their inability to source products with
those qualities for their homes and businesses,”
observes Dennis Timmerman, Senior Project
Development Director at the Agricultural Uti-
lization Research Institute (AURI).?

Kleinschmit says this interest could translate
into positive economic impact. “At IATP, we be-
lieve bioplastics could be a real opportunity for
Minnesota and the country’s farmers, ranchers
and foresters, as well as for rural communities
looking at new manufacturing opportunities.”

In particular, Kleinschmit believes food serv-
ice holds a particular market opportunity. “We
are currently working on creating purchasing
guidelines for institutions — such as schools and
hospitals — that want to use disposable, single-
use, compostable food ware (e.g., cutlery,
plates). That type of product is not recyclable
right now and, considering it is mixed with
food, it actually has the ability to pull more or-
ganic material out of the waste stream if it is
compostable. You can put it all in one spot -
food and foodware - which makes everyone’s life

“Bioplastics could be a real
opportunity for Minnesota ...
as well as for rural
communities looking at new
manufacturing opportunities.”
- Jim Kleinschmit, IATP




easier. As an institution and as ‘eaters, we don’t
have to confusedly try to sort everything out, so
people are more likely to comply,” he
comments.??

According to Kleinschmit, the specifications,
called “BioSpecs for Food Service Ware,” should
be available in 2011. He explains they are the
product of a successful collaboration of leading
researchers in bioplastics, plus organizations
such as the Sustainable Biomaterials Collabora-
tive and Business-NGO Working Group.?? The
specifications take into consideration the feed-
stock, toxicity and end-of-life requirements for
products.*

“[“BioSpecs™] is really for companies that
want a quick scorecard to see who is actually
meeting the claims that they are making,” Klein-
schmit continues. “They range from the basic,
‘Is it compostable and biobased?’ to ‘Is the base
material more sustainable or not from a feed-
stock perspective?” and ‘Are there other materi-
als in the product that impede its ability to
degrade or safely compost?” These criteria are
primarily for institutions, but could be for any-
one who wants an assessment for a specific line
of products.”

Retailers are also taking forward-thinking po-
sitions on the issue of sustainability. Mass mer-
chandiser Target Corporation actively promotes
its “green” commitment, writing on the com-
pany website: “...we are continually ‘rethinking’
our merchandise assortment to lessen impacts
on our communities, our environment and our
bottom line. Many of our categories include
products made from recycled materials, non-
toxic chemicals or all-natural ingredients ... We
are also specifying more environmentally
friendly packaging applications for our private-
label brands. We will continue to evaluate and
expand our eco-friendly products based on mar-
ket availability and guest preference.”?

Target is a member of the Sustainable Pack-
aging Coalition, in part to gain an understand-
ing of how the company’s packaging needs can
meet sustainability requirements.

In 2006, Target dedicated a packaging team
to help make recommendations on more sus-
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tainable choices for Target-brand material
and/or reduce packaging where feasible. The
company indicates that it continues to look for
opportunities to source packaging materials that
are recyclable, made with recycled content,
biodegradable or biocompostable, made with re-
newable resources, manufactured using renew-
able energy or using less nonrenewable energy,
or sourced from companies practicing responsi-
ble harvesting.®

Relative to bioplastics, Target indicated that,
“We have introduced six PLA packages in the
bakery and deli areas in our SuperTarget stores
and will look at expanding the use of PLA ... as
additional supply becomes available.”?

Target also introduced a corn-based gift card
in December 2005, using resins made from re-
newable resources.?s

In October 2010, Canon Inc. and Toray In-
dustries, Inc. announced the development of the
computer printer industry's largest exterior part
using biobased plastic. The newly developed
part is approximately 11 times larger and 6.5
times heavier than the previously realized largest
biobased plastic part that achieved the same
level of flame-retardance - a significant achieve-
ment that, until now, had not been possible in
parts of this size due to challenges with mold-
ability and flow characteristics.?¢

John Deere introduced bioplastics in selected



exterior panels some 10 years ago. Soy-based
foam cushioning is expected to be in equipment
beginning in 2011. According to Jay Olson,
Global Materials Engineering Manager for John
Deere, polyethylene for sprayer and seeding
tanks will likely be the next component to go
biobased.?”

“Sustainability is the new buzzword for
everything that pertains to design for the envi-
ronment, recyclability, biodegradability, energy,
lifecycle analysis, energy balance. Everything
comes under the umbrella now of sustainabil-
ity; says Olson.?”

"At Deere, sustainability is a new and strate-
gic initiative to support our business customers
in their products to increase their productivity
and their impact on the environment," Olson
says. "If we can, through our products, provide
solutions for our customers to reduce the im-
pact on the environment for total sustainability,
both environment and energy, that’s where the
future is in all of our products. One piece of that
is the materials that we use to manufacture in

our vehicles."”

Olson says that the company’s strategic plan
is aligning with the signature color of its equip-
ment — driven in large part by the fact that
Deere serves an agricultural marketplace whose
products are used in biobased materials. "It is
part of our strategy to support sustainability, a
business strategy, so it’s one of the metrics that
we will be measuring, but it’s a long journey.
Even though we’ve been literally a ‘green’ com-
pany for a long time, now it is part of our strate-
gic business plan...and it will be part of our
decision analysis for everything that we do -
not just material selection, but manufacturing
operations and product design. We'll make deci-
sions on how to make the largest impact for our
customers on the use of their products."”’

According to Olson, there are two primary
reasons that a company might want to consider
using biobased materials. "First, do you want to
take a leadership role now at the infancy? And
do you want to do the right thing for the world,
for your customers, or do you just want to ap-

Photo courtesy of John Deere
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John Deere introduced
bioplastics in selected exterior
panels some 10 years ago.
Soy-based foam cushioning is
expected to be in equipment
beginningin 2011.




“Do you want to do the right
thing for the world, for your
customers, or do you just
want to approach it as just
another material
substitution?"

- Jay Olson, John Deere

Larger-ticket items also allow
for the introduction of
bioplastics at a scale that does
not necessarily result in a
higher price to the end
customer.

proach it as just another material substitu-
tion?"?

He says that a manufacturer can explore
biobased materials as a simple materials substi-
tution — or as a broader strategy for the com-
pany. Olson adds, "You have your design, test
and build cycle that you go through to puta
product into production, so you've got two po-
sitions to take. Look at it as just another mate-
rial that adds value based on cost alone...or do
you want to create a policy that makes sustain-
ability part of your overall business strategy?"?’

Larger-ticket items also allow for the intro-
duction of bioplastics at a scale that does not
necessarily result in a higher price to the end
customer. “On a $10 item in a $300,000 tractor,
you can’t tell the difference. Bug, in spray foam
for a house, the foam represents a significant
portion of the cost. So, it’s not necessarily the
fact that there is a soy-based product being used,
it’s also related to the application,” says Sam
Ziegler, Senior Director of Field Services for the
Minnesota Soybean Board.?®

Sustainable Packaging Gets
Traction

According to a recent study by
Pike Research, sustainable packag-
ing is projected to grow to 32 per-

cent of the total global packaging

friendly packaging, some companies focus on
weight reduction, believing it provides a reason-
able proxy for sustainability through lower raw
material inputs, reduced transport, less waste
and lower CO2 emissions. But an emphasis on
weight alone can have negative consequences,
including greater waste if the packaging be-
comes too fragile.?? Simply switching to lighter
packaging is not a silver bullet, according to the
Sustainable Packaging Coalition (SPC), that
urges manufacturers to think smart about pack-
aging rather than simply thinking light.®

Other companies use life cycle analysis to
help measure sustainability, a strategy that can
be hindered if there are not commonly agreed
upon measurements. To support an effective in-
dustry response, experts say, there is a need for
common metrics and definitions on how com-
panies measure the sustainability of their pack-
aging.?

“... the move toward sustainable packaging
represents a broad-based effort by manufactur-
ers, retailers, industry groups, and governments
to promote the design of minimal packaging
that can be easily reclaimed. A tremendous
amount of innovation is going into reducing en-

Sustainable Packaging Forecasts,
World Markets: 2009-2014
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When it comes to the issue of
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Importance of Producing Environmentally Sustainable

Products to Some Degree
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ergy requirements to manufacture packaging
and also to using more recyclable and com-
postable materials, but there is still a long way to
go, said Pike Research President Clint Whee-
lock.?

Jim Lunt, Managing Director of Jim Lunt &
Associates, LLC, agrees that more and more
people are indicating a desire for renewable plas-
tics. “They do not want oil-based, depleting,
toxic materials. They don’t completely under-
stand what sustainability really means, but they
believe it means something good — and they
want that”3

Minnesota plastics manufacturers are clearly
getting that message. In a November 2010 sur-

vey, just over half said consumer interest in
environmentally friendly packaging and
products will impact their operation —
and that it is consumer demand that
makes them more receptive to using such
materials. Further, 81 percent said that it
is important, at least to some degree, for
their business to produce environmentally
sustainable products.®

Growth Forecasts
U.S. biobased plastics capacity was
260,000 tons in 2007 with 80 percent of it
biodegradable, reported Deloitte Consult-
ing and the BioBusiness Alliance of Minnesota
in “Destination 2025: Focus on the Future of
the Renewable Materials Industry.” This was ex-
pected to grow to 1,460,000 tons in 2011.3!
Growth in bioplastics is being driven by a
number of factors: an interest in reducing de-
pendence on foreign oil supplies, environmental
concerns related to pollution and landfills,
global warming and human health issues related
to toxic chemicals emitted by petro-based plas-
tics. These factors are driving legislation around
the world, which is creating markets for bioplas-
tics through mandates, public policy and waste
reduction initiatives.

Consumer Interest
in Environmentally Friendly Packaging and Products
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“They don't completely
understand what
sustainability really means,
but they believe it means
something good — and they
want that”

- Jim Lunt, Jim Lunt & Associates




For example, the Japanese government has set
a goal that 20 percent of all plastics consumed
in that nation will be renewably sourced by
2020. The federal farm bill in the United States
requires that each federal agency design a plan
to purchase as many biobased products as prac-
tically possible — and that federal procurement
will be based on biobased content, price and
performance.

According to Jim Lunt, global demand for
bioplastics is projected to grow more than four-
fold to 900,000 metric tons by 2013 - and
global production will increase six-fold to 1.5
million metric tons by 2011 (up from 262,000
metric tons in 2007). More importantly, global
production capacity is projected to increase
from 360,000 metric tons in 2007 to about 2.3
million metric tons in 2013. In spite of this
growth, bioplastics still represent only about
one percent of the approximate 230 million
tons of plastics in use today.??

Expense and lack of sufficient quantity have
limited sector growth. A study by The Freedo-
nia Group, however, has forecast annual in-
creases of 11 percent for degradable plastics
through 2014. Although representing less than
one-half of one percent of all thermoplastic
resin demand in 2009, substantial growth op-
portunities appear to be on the horizon.?

According to the Freedonia Group, degrad-
able plastic advances will be fostered by their in-
creased cost competitiveness with
petroleum-based materials, as well as their sus-
tainability and friendlier environmental profile.
“Degradable plastics demand is being broad-
ened by enhanced performance properties
brought about by more sophisticated polymer-
ization and blending techniques. Testing and
certification standards have also been estab-
lished for many types of biodegradable plastics,
with growing pressures to limit packaging waste
and expand the composting infrastructure,' the
report summary noted.”

The Freedonia Group indicated “polylactic
acid (PLA) will grow at the fastest pace through
2014, driven by a more competitive price struc-
ture and greater availability. Starch-based plas-
tics will have a good outlook as a result of
improved resin blends and applications in such
areas as compostable yard and kitchen bags, and
food service items such as plates, bowls and cut-
lery

Demand for polyhydroxyalkanoates (PHAs)
plastics and products are projected to also in-
crease, in such areas as films and molded con-
tainers.*

According to “Disposable Bioplastics,” a mar-
ket opportunity study issued by the United Soy-

Global production capacity for bioplastics
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MARKET DEMAND FOR BIO-BASED PLASTICS Growth of bioplastics in the

20052 | 2007° | 20112 'gz‘-;':} United States is estimated to
Films /Bags 117 | 200 | 359 15.8 be 19 percent per year
Ring Carriers® 40 42 51 4 through 2011.
Loose fill/Foam 16 17 20 4
Food service 7 17 31 16
Molded 28 46 123 28
Fiber 5 11 50 46
Total 213 | 333 634 17.5

1) Currently ring carriers are made from a photodegradable polyethylene,

it Is assumed that this product will switch to a bioplastic that is degradable by 2011.
2) Freedonia Group, Degradable Plastics Demand to 2010
3) Omni Tech estimates, based on Industry communications

(Source: United Soybean Board, “Disposable Biopiastics Consumer Disposables Agricultural Films:
A Market Opportunity Study,” Phil Sarnacke and Stephen Wildes, Aprif 2008)

bean Board (USB), the growth of bioplastics in
the United States is estimated to be 19 percent
per year through 2011, reaching a projected
consumption of over 600 million pounds. This
increase is being driven by several factors, the
USB study observed, including large retailers,
such as Walmart and Target, requesting that
their suppliers adopt bioplastics for packaging
products they stock; consumer concern over the
depletion of petroleum-based raw materials; de-
sire of manufacturers to develop more sustain-
able raw material sources; improvement in
properties of bioplastics; governmental support
for biobased products; and the cost savings bio-
plastics represents over petroleum-based prod-
uct 3

“Among the bioplastic applications, four uses
have standout growth opportunities in the im-
mediate future: biodegradable bags/films;
biodegradable plastic foam cushioning blocks;
bioplastic fibers, degradable and non-
degradable; and bioplastic molded
products, degradable and non-

degradable;” the USB report fore- 80%
casted.?* 60%
In Minnesota, two-thirds of plas- ~ 40%
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cent industry study said they believe 004
the use of biobased material will be-
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that doing such could also make their

processes safer for employees and the

Will become more prevalentin our
industry in the next three to five years

community.?

To ultimately be successful, industry experts
say bioplastics will need to meet the cost and
performance requirements of petroleum based
products, meaning such potential issues as heat
deflection and brittleness must be addressed.?*

While the future looks promising for bioplas-
tics, experts agree that there are issues. Bioplas-
tics can be inefficient to create, possibly using
almost as much energy as plastics made with
fossil fuels. At the same time, such products can
release less carbon dioxide into the atmosphere.

Some experts, such as Helmut Kaiser in “Bio-
plastics Market Worldwide 2007-2025,” predict
bioplastics has the potential to reduce petro-
leum consumption for plastic by 15 to 20 per-
cent by 2025. “Improved technical properties
and innovations will open new markets and ap-
plications with higher profit potentials in auto-
motive, medicine and electronics,” the report

Believe the Use of Biobased Material...
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Meeting demand will require
industry adoption and
capacity building.
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sources in foams, lubricants, inks, paints, con-
struction materials and other applications.

Meeting demand, however, will require in-
dustry adoption and capacity building. What is
clearly lacking now is sufficient industry aware-
ness. Thirty-nine percent of Minnesota plastics
manufacturers say they feel uninformed about
the uses and opportunities for biobased mate-
rial. Eight in 10, however, say they are interested
in learning more.?

40%
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10%

0%

Market Interest

How Informed Are You about Biobased Material
Use and Opportunities in Your Industry?

36% 34%
25%
5%
Very Somewhat Notvery Notatall
informed informed informed informed

Source: Russell Herder Renewable Materials Survey, 2010




Numerous factors appear to
be driving growth within
bioplastics ...the most
significant being the cost
of oil.

It's About Oil ... and Much More

Replacing Petroleum

Numerous factors appear to be driving
growth within bioplastics. The most significant,
according to Doug Cameron with Alberti Advi-
sors, is the cost of oil. “I think a lot of it is an ex-
pectation that petroleum prices will continue to
rise, and petroleum will be very unstable in price
and will be challenging to economics," he says. "I
think the biggest driver for the chemical indus-
try is the uncertainty in petroleum price and the
feeling that the biomass or sugar prices will sta-
bilize and maybe be lower in the long-term."¢

Cameron notes that market pull from jugger-
naut retailers, such as Target and Walmart, is
also influencing the amount of biobased content
in plastics. On the other hand, he does not be-
lieve that biodegradability is a significant mar-
ket driver. "I think biodegradability is a niche
opportunity, but I think it's more about the
ability to lower costs and finding better feed-
stock supply situations."®
According to a December 2008 document on

their corporate website, Walmart noted that se-
lect produce packaged in corn-based Nature-
Works PLA can be found in all Walmart stores
and Sam's Club locations, including vegetable
and fruit trays and bags. Walmart also hosts an
annual Sustainable Packaging Exposition that
brings together product suppliers and packaging
suppliers to discuss sustainable packaging inno-
vations and options.




"I think the markets drive what happens. Peo-
ple look at the price tag of the object they are
going to buy — and that decision whether or not
to buy, feeds its way back up through the value
chain — and that will influence whether it comes
from a plant source or a petroleum source, based
on the price of that source,” says Paul Roth-
weiler, Vice President of Sales and Marketing of
Aspen Research.’

Headquartered in St. Paul, Aspen Re-
search/Aspen Materials is a hybrid of research
and development, consulting and product de-
velopment. Aspen works with companies to de-
velop new products and materials, processes and
technologies — and to improve efficiencies and
profitability.

According to Rothweiler, Aspen is not totally
focused on biobased materials, however. “We
continue to modify PLA for a number of clients
— some large and some small.”*

In 1997, Aspen was purchased by Andersen
Windows, which had done research and devel-
opment business with Aspen to create ways to
channel waste streams of plastic and wood from
their core operations in value-added products.
The resulting material technology, called Fi-
brex™, resulted in a superior window product in
terms of performance that become the Renewal
by Andersen™ line of windows. At the time of
the interview, Aspen was in the process of being
acquired by one of its clients — a company that
makes PLA-composite biodegradable pots for
plants that allow consumers to plant "pot and
all" without disturbing the root system. Ander-
sen will continue to be a client of Aspen.

The company has drawn on the talent that ex-
ists in the metropolitan area with a history of in-
novation on a national and global scale. "Most
of the employees here worked 15 to 20 years in a
Fortune 500 company before they discovered
Aspen and came here to work," Rothweiler
says.*

"Purchasing agents are going to have an inter-
esting role going forward, because it no longer is
going to be just comparing one petroleum-based
source to another petroleum-based source. They
are going to have a very large palette of materials

to choose from when determining what they

need to purchase for making the products con-

sumers want to buy,' Rothweiler adds.
Biobased/agricultural sources are not the

Biobased plastics, derived
from starches and sugars in
traditional Minnesota crops,

, ) are going to find tough
only avenue being explored in an effort to re- iy
. competition from products
place petroleum-based plastics. Boston-based derived f
Novomer - a spin-off of Cornell University —is ~ * /-0 |01 sugarcane.

a chemical company using carbon dioxide and
carbon monoxide to make plastics, which are
very competitive to bioplastics in terms of envi-
ronmental impact. Novomer claims its propri-
etary catalyst technology can be used to
manufacture polypropylene carbonate (PPC),
which is used to make plastic packaging and
coatings — and that its process uses 50 percent
less energy than traditional plastics manufactur-
ing. The company also has shown it can leverage
existing manufacturing infrastructure.®

Biobased plastics, derived from starches and
sugars in traditional Minnesota crops, are going
to find tough competition from products de-
rived from sugar cane. In May 2009, The Coca-
Cola Company unveiled a new plastic bottle
made partially from plants. The PlantBottle™ is
made of 30 percent plant-based material, de-
rived from sugar cane and molasses and turned
into a key component for PET plastic.®

According to a company press release, the
bottle can be processed through existing manu-
facturing and recycling facilities without con-
taminating traditional PET.#

Coca-Cola critics, however, say that adding
too much bioplastic into plastic recycling
streams could contaminate recyclables and frus-
trate recycling efforts.*!

"I doubt Minnesota ethanol producers are
going to want to get into making ethylene glycol
for the Coke bottle because the price is a lot
cheaper in Brazil," says Doug Cameron of Al-
berti Advisors.®

Human Health Concerns

Studies have demonstrated that polycarbon-
ate bottles — the hard, clear-plastic type — can
leach biphenyl A (BPA), a chemical that turns
on estrogen receptors in the body. But, a 2009
study by M. Wagner and J. Ochlmann entitled




Market Drivers

“If it has the same
performance, better cost and
better environmental
footprint, then it becomes an
easier decision to switch.”

- Ben Wallace, Marvin Windows
and Doors

“Endocrine Disruptors in Bottle Mineral Water:
Total Estrogenic Burden and Migration from
Plastic Bottles” indicates that bottles made from
polyethylene terephthalate (PTE) may also af-
fect estrogen levels with its "hormone-mimick-
ing" activity. The implications on reproductive
health, embryo development and the overall
human endocrine system are profound.®

John Souter of Accent Signage Systems, Inc.
notes that there are a
number of studies on
indoor air quality and
children’s health at
school. "Indoor air
quality, as you know, is
a function of what par-
ticles are in the air, such
as molds and spores
that come from either
internal or external
sources. But, what is
not so often under-
stood is, there are also
emissions from materials

which is a big deal,” Souter
says. “Several case studies
published recently indicate that controlling in-
door air quality has increased children’s ability
to learn, primarily because they have fewer sick
days. I honestly think that is going to be some-
thing of a driving factor, especially with the Na-
tional Green School movement, as well as
promotions by USGBC." Souter adds.*
Virtually all of the current four billion square
foot decorative laminate market in the United
States (i.c., high pressure laminates, thermofoils)
are derived from hazardous and toxic formalde-
hyde or PVC materials. Formaldehyde is a
known cancer-causing agent, and regulations are
tightening on any formaldehyde-emitting prod-
ucts. These current products are in wide use in
homes, offices and commercial locations.
Biobased material technologies can be posi-
tioned to create higher value by displacing cur-
rent “nonrenewable and hazardous”
petrochemical products with an authentically

Completed ADA compliant signage made

entirely of NatureWorks Grafica™ materials.
such as formaldehydes, etc,, (Photo courtesy of Accent Signage)

green and renewable solution.

Biovation is a Minnesota-based company fo-
cused on new generations of laminates and dec-
orative, digital technologies and structural
composites to replace high-pressure laminate
products derived from formaldehyde resins.
“We're talking to one large company that says
formaldehyde is the next asbestos," says Mike
Riebel, President of Biovation. "To come up
with a green, zero-
formaldehyde solution, the
BioSurf™ technology we
have developed is the best

solution."#

Manufacturer
Acceptance

While interest in
biobased products — and
the technology to produce
them - clearly exists, in-
dustry purchasing demand
has been cautious within
some sectors. Marvin Win-
dows & Doors, a Min-
nesota-based company
with a stated commitment
to improving resource productivity while lower-
ing environmental costs, sees both opportunities
and challenges in using such products.

“We are trying to use more sustainable mate-
rials and processes. On the material side, petro-
leum-based polymers are not typically going to
be the most sustainable option, but sometimes
their durability makes them the more sustain-
able option. There are some materials that are
going to be hard to replace because they are very
robust and have a fairly good environmental
footprint, even if they are petroleum-based. But
there are other applications where biobased ma-
terials may be the best choice. If it has the same
performance, better cost and better environ-
mental footprint, then it becomes an easier deci-
sion to switch,” says Ben Wallace, Wood
Scientist at Marvin Windows and Doors.

Wallace adds, “Our primary material is wood,
the original biobased material. Wood has been



around forever and often remains the best
performance choice. Biobased materials
using resources such as corn or wheat are
typically meant for interior applications;
they do not have good moisture resistance.
That is changing; they are getting better. We
will continue to look at them, but currently
we are not using anything that has not been
an existing biobase for years.”*

According to Wallace, there are some in
Marvin’s industry sector that are using wood-
plastic composites, largely still incorporating
petroleum-based plastics, however. “As far as
agriculture-based, there is not much out
there. My guess is that it is going to come
into adhesives first. As of yet, they really do
not have that long-term moisture durability for
exterior exposure down,” he says.®

The landscape does, indeed, appear to still be
developing. Seven in 10 Minnesota plastics
manufacturers say they are not aware of anyone
in their industry incorporating biobased mate-
rial into their operation to a significant degree -
hence, why end users may not be seeing a prolif-
eration of options at this point.?

Researchers such as Marvin’s Ben Wallace
maintain a deep interest in reviewing new tech-
nologies and materials, trying to determine if —
and when - to integrate them into production.

Awareness of Industry Manufacturers
That Have Incorporated Biobased Material
to a Significant Degree

Unsure
6% Yes
23%
No
71%

Source: Russell Herder Renewable Materials Survey, 2010

“For instance, a sealant injection mold is a

very small component of our window. The part

has to work, it has to work well and it has to
last. The second is going to be what it is made
out of and the cost. Those will have to balance.
If it is an equal cost, it is pretty easy to choose
the better, more sustainable biobased material
assuming the performances are equal,” Wallace
says.®

Wallace adds, “Typically it is going to be a
trade down, however, which is not going to
work to have a long-term, durable product.
Long-term durability affects our sustainability

Interest Areas of Customers Who Have Requested or Inquired
about Products Made with Biobased Material

“Green” replacement for
petroleum-based products

Biodegradable
Compostable

Other

Customers have not requested/

52%

23%

inquired about such |

0%

20% £4,0% 60%

Multiple responses allowed

Source: Russell Herder Renewable Materials Survey, 2010

Minnesota plastics
manufacturers who could
potentially supply companies
such as Marvin have been
getting inquiries — typically
from end users that are
seeking a“green”
replacement for
petroleum-based products.




Market Drivers

Nearly two-thirds of
Minnesota plastics
manufacturers anticipate
increasing their use of
biobased material.

Viewpoints on Using Biobased Material in Manufacturing Operation

We have considered using biobased
material in the past, but have not done so

We have successfully used biobased
material and plan to continue doing so

We have no interest in using
biobased material

We have used biobased material in the past,
but have no plans to use it again

Other

40%

7%

7%

0%

10% 20% 30% 40%

Source: Russell Herder Renewable Materials Survey, 2010

more than the materials we use. If we are having
to produce that part two or three times in a life
cycle of a window to replace it, that is not going
to be viable.®

Interestingly, the reverse is also true. Min-
nesota plastics manufacturers who could poten-
tially supply companies such as Marvin have
been getting inquiries themselves — typically
from end users that are secking a “green” re-
placement for petroleum-based products.?

The issues facing plastics manufacturers are in
many ways similar to their customers; they want
to be sure performance and economics are
sound. While 40 percent of manufacturers say
they have considered using biobased material in
their operation, only 26 percent say they have
successfully done so and plan to continue.?

According to Jeremy Dworshak, Material En-
gineer at manufacturer Steinwall, Inc., the deci-
sion-making about whether to use biobased
materials “is not in the processor’s arena. The
drivers of that decision are going to be the
OEMs. That is why we are trying to get them on
board and get buy-in with it. There are still un-
knowns with exactly how well they will perform
in all aspects and applications that they could be
used in.”4

Looking ahead, however, nearly two-thirds of
Minnesota plastics manufacturers anticipate in-

creasing their use of biobased material through-
out a range of industry subsectors — most pre-
dominantly, within bioplastics and
biopolymers.?

According to Dennis Timmerman, Senior
Project Development Director with AURI, that
shouldn’t be a surprise. “Minnesota’s manufac-
turing and materials sector has always sought to
employ innovative approaches to problem solv-
ing and identification of new opportunities,” he
comments.?

“The stars appear to be correctly aligned in
respect to developing a biomaterials industry in
Minnesota,” Timmerman continues. “Our
state’s leading stakeholders are beginning to im-
plement strategies to incorporate biobased ma-
terials in their product mix. AURI and its
partnering organizations are seeing interest
from a wide spectrum of the manufacturing sec-
tor to build biobased components to address en-
vironmental considerations of their customers.
To successfully achieve growth in this arena will
require a willingness to engage a strategy of trial
and error within their respective industries.”?

Jim Albrecht, President of ComDel Innova-
tion in Wahpeton and Fargo, ND, says that the
key to bringing biobased products to market is
to “find an avenue to get there and do so eco-
nomically”?



Considerations for Uses/Applications of Biobased Materials
Bioplastics 62%
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Anticipated Use of Biobased Material
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“In our business, we need to
know where next generation
technologies are coming

from.”
- Jim Albrecht, ComDel Innovation

“There will be interest [in
bioplastics] as long as the

performance is there.”
- Ben Wallace, Marvin Windows
and Doors

Products Being Manufactured - Or in Consideration of Being Manufactured —
Using Biobased Material

Molded products 49%
Products such as docks, doors, windows, shelving, etc.
Packaging (other than food)
Point-of-purchase/display materials

Extruded products

Food bags or containers

Bottles

Shopping bags

Tableware/catering products

Mulch bags

Clothing/fabrics
Other

24%
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Multiple responses allowed

Source: Russell Herder Renewable Materials Survey, 2010

Concerns about Use of Biobased Material

Ability of material to meet testing standards/— 83%
customer specifications
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Source: Russell Herder Renewable Materials Survey, 2010

“In our business, we need to know where next
generation technologies are coming from, which
includes understanding where biomaterials are
at and how we can turn these things into prod-
uct. It really is just starting. It’s evolutionary,” Al-
brecht says.?’

Biobased products that are currently being
manufactured in Minnesota — or are in consid-
eration to be — cover a broad spectrum, most
predominantly within molded products.®

Given the need to appease technical and eco-
nomic concerns of purchasers, companies pro-
moting use of bioplastics to customers can face

an uphill communication effort. Marketing, re-
search and development are typically the pri-
mary entry points — each having equally critical
consideration sets.

“There will be interest [in bioplastics] as long
as the performance is there,” Ben Wallace, Mar-
vin Windows, concludes. “If performance is not
in place, the manufacturers that build the prod-
ucts that go to market are simply not going to
sacrifice performance to be biobased.”*

From the plastics manufacturers’ perspective,
that viewpoint appears to be well understood.
Most (83%) say that their primary concern in



producing bioplastics is the ability of material to
meet testing standards and/or customer specifi-
cations.’

USDA BioPreferred Program

The federal government offers a significant
market for companies offering biobased plastics
and other biobased products. The BioPreferred
program was created by the Farm Security and
Rural Investment Act of 2002 (2002 Farm Bill),
and expanded by the Food, Conservation and
Energy Act of 2008 (2008 Farm Bill). The pur-
pose is to increase the purchase and use of
biobased products among federal agencies. The
United States Department of Agriculture
(USDA) manages the program.?

Under a cooperative agreement with the
USDA, the Center for Industrial Research and
Service at lowa State University manages the
database of biobased products for the BioPre-
ferred program. According to Iowa State’s Jes-
sica Riedl, "We assist companies with
submitting their product information to the
program and help them get into the catalog of
biobased products.” That catalog is used by Fed-
eral agencies in their procurement process.
Under the procurement program, BioPreferred
designates categories of biobased products that
are required for purchase by Federal agencies
and their contractors. "It’s up to each agency to
some degree how much flexibility they'll give to
a biobased product,’ Riedl adds.®

Riedl continues, “They are supposed to give
preference to biobased products in 50 desig-
nated categories, and they are supposed to give
preference to products with higher biobased
content." The online catalog is also available to
consumers or manufacturers who want to iden-
tify companies making biobased products and,
according to Riedl, has some 1,800 product list-
ings and is growing rapidly.*

Listing one’s product in the BioPreferred pro-
gram is free — and requires only "self-certifica-
tion" that the product meets the biobased
standards. Federal agencies may ask the manu-
facturer for additional information related to
ASTM testing for biobased content, environ-

According to the USDA BioPreferred Program,
there are more than 2,200 companies in the
United States that either manufacture or distrib-
ute biobased products. The Minnesota map shows
companies that have products already designated
for preferred Federal procurement via USDA's
BioPreferred Program (green dots). Companies
with products that are expected to be given future
designation are indicated with red dots.

(Source: USDA)

mental and health effects analysis, life cycle
costs and product performance against indus-
try-recognized standards.

The criteria for certification becomes more
defined for those secking official USDA certifi-
cation that was recently announced. In January
2011, the USDA launched a new labeling initia-
tive to identify biobased products, which are
commercial or industrial products whose main
ingredients are renewable plant or animal mate-
rials. Approved products will be able to use the
USDA Certified Biobased Product label, but
they will undergo a certification review in the
process. Under this voluntary labeling program,
biobased product manufacturers and distribu-
tors will be able to affix a USDA Certified
Biobased Product label on qualifying products.
The label indicates the product meets or exceeds




the amount of biobased content required for
product certification. This content varies ac-
cording to the type of biobased product certi-
fied. Food, fuel and feed products are
ineligible.*® A search of the catalog listed 43
Minnesota companies offering biobased prod-
ucts.

Labeling applications were accepted begin-
ning February 21, 2011. Products must be
biobased to receive product certification.
Biobased products already identified within ex-
isting product categories under the Federal pro-
curement preference portion of the
BioPreferred program must meet the minimum
biobased content of the category. Products that
do not fall within a pre-identified category must

USDA

CERTIFIED
BIOBASED
PRODUCT

PRODUCT 57%
PACKAGE 32%

o

be 25 percent biobased unless the applicant ap-
plies for and receives an alternative minimum
biobased content allowance. Mature market
products, which are excluded from the Federal
procurement preference program, are also ex-
cluded from product certification and label-
ing. %

Mike Riebel, of Minnesota-based Biovation,
would like to take this idea one step further.
"We'd like to see certification that something is a
Minnesota-grown, Minnesota-manufactured
product that is biobased, petrochemical-free
and formaldehyde-free; maybe even a Min-
nesota stamp that would better support Min-
nesota bioproducts,” he suggests. “Or, perhaps
creating new regulations, similar to federal bio-
preferred programs developed by the USDA, so
that Minnesota state offices use more of these
products."#







Price is the standard by which
many manufacturers measure
the viability of incorporating
biobased plastics into their
operations, especially in a
difficult economy.

Elevance employee prepares
specialty chemical samples for
the company’s development
par tners. (Photo courtesy of Elevance

Renewable Sciences, Inc.)

Overcoming a Century of Petroleum Dominance

Economics

The economics of the biobased equation is an
area that needs further exploration.

According to Steve Kelley, Humphrey Insti-
tute, “If the catalyst or additive material that
you are looking at that would give a biobased
plastic a new property costs $6 a pound versus
65 cents a pound, that’s an important question
when it comes to product design. We clearly
ought to try to support more of the scientific re-
search on the product development side as well
as how to connect that to the economics. More
wide-spread support from different sectors in
Minnesota could help get these additional re-
search resources,” he suggests.

John Barrett and Friedrich Srienc, researchers
from the Department of Chemical Engineering
and Materials Science at the University of Min-

nesota, agree that economics are an issue. “De-
spite their environmental benefits, the most sig-
nificant obstacle to the proliferation of PHAs
and polylactide is their cost, which is approxi-
mately three- to five-times higher than the cost
of petroleum-derived plastics. Much of this
price disparity should decrease in the future as
the cost of oil will surely rise with diminishing
supplies. Other factors affecting the price of
these bioplastics are raw materials cost and en-
ergy needed for sterilization of feedstocks.
Price is the standard by which many manu-
facturers measure the viability of incorporating
biobased plastics into their operations, espe-
cially in a difficult economy. While more and
more consumers — and the companies who mar-
ket to them - are demanding environmentally
responsible products, the fact is that the indus-




try is accustomed to the price of petroleum-
based plastics and that is the benchmark used to
determine the value of bioproducts. As oil
prices rise, the price gap between biobased prod-
ucts and traditional petro-based plastics closes,
making the switch to bioproducts easier to jus-
tify.

“The science of polymer production from
natural materials is not new, but the cost of plas-
tic produced from cheap oil has been a major
obstacle to its widespread use. Biobased materi-
als are going through the same evolution faced
by many other industries and as the science and
processes evolve, the market will be there. It al-
ready exists for the right products,” says Dennis
Timmerman, Senior Project Development Di-
rector at the Agricultural Utilization Research
Institute (AURI). “We at AURI are convinced
that given the correct balance of resources, the
biofuels and biobased industries offer a tremen-
dous opportunity to grow the state’s overall
economy, create jobs and deliver environmental
benefits to Minnesota.”?

Darin Grinsteinner, with CPI Binani, says
customers are not interested in compromising
cost efficiencies or product performance. "Either
the properties have to get better or the price has
to get lower — one of the two," he comments.
Yet, he continues to investigate bioplastics be-
cause "customers keep asking for it."!

"The economic potential of biorenewable
polymers is based on two criteria they will have
to meet to be competitive,' says Marc Hillmyer,
Director of the Center for Sustainable Polymers
at the University of Minnesota. "First, they need
to catch up in terms of their property profile -
and they are doing that through copolymers, ad-
ditives, processing changes and different poly-
merization schemes.”

"The second is price;” Hillmyer continues.
“The efficiencies of the petrochemical industry
have been improved over many decades. The
biorenewable industry is getting more efficient
with fermentation process and other biotech-
nology efforts. It’s all relative to petroleum.
When oil was more than $120 a barrel, PLA
and other biorenewable materials were doing

quite well."?

The University of Minnesota has a long his-
tory of excellence in materials and polymer re-
search — and that leadership continues today.
Polyols are used to make polyurethanes, which
are used in a variety of products including foams
for seat cushions and furniture. Most polyols are
petroleum-based, but researchers in the Center
for Sustainable Polymers are exploring new ways
to prepare and apply new biorenewable polyols,
primarily those derived from soybean oil.

A 2009 report developed by Informa Eco-
nomics for the Agricultural Utilization Re-
search Institute noted that the United Soybean
Board estimates the annual North American
product demand for polyols represents 3.4 bil-
lion pounds, with a conservative estimate of the
market potential for soy-oil-based polyols at
about 600 to 800 million pounds (2006 esti-
mates).>?

Hillmyer says the Center is currently focused
on three main topics. "The first is in
polyurethane foam and biorenewable polyols,
for both rigid and flexible applications. The sec-
ond is pressure-sensitive adhesives, like a biore-
newable version of sticky notes. And, the third
is biorenewable durable goods that would be
competitive with high-impact polystyrene, poly-
carbonate or ABS, for example.”>?

Half of recently surveyed Minnesota plastics
manufacturers say that they do not expect
biobased material to cost the same as their typi-
cal material source. In fact, 43 percent expressed
concern that such material might be prohibi-
tively expensive for them to use. When asked
how much they would be willing to pay for
biobased raw material, the average was nine per-
cent more than they do now.

NatureWorks was the first to market and is
the world's largest volume supplier of biobased
plastic. Ingeo resins from NatureWorks are typi-
cally within 10 to 20 percent price parity with
petrochemical resins. “Price is, and always will
be, a prime consideration for some companies
and, until recently, that has been a hurdle for
some;,” says Steve Davies, Director of Marketing

and Public Affairs for NatureWorks.>*




Expect Biobased Material to Cost the Same
as Our Typical Material Source
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“With recent volatility in oil pricing — and,
of course, all the conventional plastics derived
from it — that dynamic is changing. Ingeo is ac-
tually at, or very close to, pricing parity with
some resins, such as polystyrene. Increasingly,
manufacturers are attracted to the relatively sta-
ble pricing that Ingeo offers, compared to the
roller coaster of oil-based resin pricing,” accord-
ing to Davies. “There are companies positioning
themselves now with Ingeo bioresin, because
they know prices for petrochemicals will go up.
Other companies and their customers place a
high value on a low carbon footprint and this
value overcomes the price differential.”>*

NatureWorks™ 140,000-metric-ton produc-

tion facility is located in eastern Nebraska, with
another plant being planned outside the United
States in an as-yet-undisclosed location.

Today, seven of the top eight thermoformers
in the United States are using Ingeo”. “Our core
business of fresh food packaging and food serv-
ice products continues to grow at a healthy clip,”
says Davies. “Newer segments such as semi-
durables and nonwovens are now picking up
sales momentum.”>*

Ingeo" is used in a wide range of products
from clothing to packaging to disposable din-
nerware. When Ingeo” was introduced, many
customers were primarily interested in the com-
postability characteristics it offered. Composta-



bility is still a key feature, especially for dispos-
able dinnerware products. Now, however, many
customers are interested in cradle-to-cradle re-
cycling, which Ingeo® enables. NatureWorks is
regularly introducing new Ingeo” grades. Ac-
cording to Davies, “These new Ingeo grades are

(Photos courtesy of Northern
Contours)

tailored to specific end uses and manufacturing
processes including a new injection molding
grade and a new ‘meltblown” nonwovens
grade”>*

Mike Rone, with Northern Contours, notes,
“We're hearing from our salespeople and cus-

The GroVia™ BioDiaper,
made of Ingeo™ fibers, is
Ocko-Tex  Standard 100
Certified. The lining, core
and waterproof outer are free
of harmful chemicals and
made from sustainable re-
sources. Unlike most dispos-
able diapers, BioDiapers™are
Jree of fragrance, dyes,

Pplastics and chlorine.
(Photo courtesy of NatureWorks,
LLC.)

Bioserie iPhone covers
(Photo courtesy of NatureWorks, LLC.)




“How do you find a customer
willing to pay a premium for
such product? Or do we
sacrifice part of our profit
margin to get it introduced?”
- Jim Albrecht, ComDel Innovation

“If biobased materials become
a mandate for government or
military projects to be
greener, then all the
conversations about price go
out the window.”

- Mike Rone, Northern Contours

tomers that there is not a lot of pressure for
green materials at this point in time. Economic
conditions in general have put companies in
survival mode — and they are not particularly in-
terested in the increased costs involved with
paying for something ‘green. Nobody is going
to pay a 20 percent premium for these products.
They may pay three to five percent more, but
right now people are looking for ways to save
five to 10 percent, not pay more.” He continues,
“Having said that, there is an underlying move
towards greener products and, as the economy
recovers, we anticipate increased demand for
these products.”>

Agreeing that it is critical that the economics
“pan out,” Jim Albrecht with ComDel Innova-
tion asks, “How do you find a customer willing
to pay a premium for such product? Or do we
sacrifice part of our profit margin to get it intro-
duced?”¥

While the price of producing biobased mate-
rial can still be more cost intensive, Gary Noble
of Bio-Plastic Solutions tells other manufactur-
ers, “If enough of us start buying it, that price
may come down. Now we can sell it. And the
more the volume goes up, the more that is going
to come into alignment.”>

Jeff Ackerson with Vinylite Windows says
that current conditions in the building contrac-
tor marketplace are not conducive to sellinga
product that is even just five percent more ex-
pensive, especially in new home construction.
“In a replacement market, you might eventually
be able to get 10 or 15 percent more, especially
if you had a customer who was interested in eco-
friendly products,” he adds. “There are a number
of marketing messages youd have to think
through to position the product properly to
convey that value.”’

Harold Stanislawski, with the Fergus Falls
Economic Improvement Commission, suggests
an economic modeling matrix that illustrates
what the price of biomaterials needs to be in
order to be economically viable compared with
petro-based materials. “A similar matrix exists
for corn and ethanol prices,” he says.®

“If biobased materials become a mandate for

government or military projects to be greener,
then all the conversations about price go out the
window;” says Northern Contours’ Mike Rone.
“But when you're talking real people and real
markets, right now it’s on the back burner.”s>

Economics are also a factor within the agri-
cultural community. Past opportunities that of-
fered market potential and the promise of
incentives haven’t always panned out, according
to industry experts, leaving a certain amount of
cynicism in their wake.

“I think there can be a high degree of skepti-
cism (about new efforts such as bioplastics), but
that does not mean that farmers are not willing
to try it. If there were value-added products that
could help stabilize the market for farmers, they
would have interest,” observes Tim Gerlach,
Minnesota Corn Growers Association.>?

Reliable Supply

When it comes to expense and inefliciency in
a manufacturing plant, stopping and starting the
process are at the top of the list. Profitability de-
pends on keeping the manufacturing lines run-
ning at optimum levels — and any interruption
in the supply or quality of raw materials or com-
ponents can be a profit-killer. The manufactur-
ers interviewed expressed concern about the
current state of supply in the bioproducts indus-
try.

“The price and availability fluctuations are a
real hindrance,” says RPI’s Clair Angland. “T had
a potential customer with whom I'd talked
about price, and by the time we got ready to
take the next step, the price had doubled and I
couldn't get the quantity I needed. So, all of a
sudden, I was having to start over.”®

Thirty-four percent of Minnesota plastics
manufacturers say the ability to find a consistent
source/supplier for biobased material is an
issue.?

“When it comes to manufacturers utilizing
biobased or sustainable plastics, [manufactur-
ers] have a concern about accessing a consistent
and ample supply of raw material. While this is
avalid issue, the opportunity that a new market
like this could provide is significant,” says Bruce



Stockman, Project Development Director at
AURI®!

Nine in 10 Minnesota manufacturers express
a preference to do business with local compa-
nies, but that would not be a deciding factor.?

“It would be nice if we had a local supplier,
but it’s not necessary, says Phil Johnson of Pay-
dac. “It’s more important that we can access a
continuous, reliable
supply - wherever the
supplier is located.

Once we get a mate- Unsure

rial that works, we 7%

need to be able to

keep getting that ma- No

terial.”62 %
“Iwould definitely 27

like to see these mate-
rials come from do-
mestic U.S. sources,
because it would de-
feat the intended pur-
pose if we were replacing dollars spent on
foreign oil with dollars spent overseas to access
these materials,” Johnson adds.®

Vinylite’s Jeff Ackerson agrees. “I'd love to
buy local in Minnesota, but the total cost of the
product, including delivery, has to be competi-
tive,” he says.”

But even traditional materials can be a prob-
lem in terms of delivery. Paydac’s Phil Johnson
notes that one supplier of petro-based materials
recently changed lead times from two weeks to
12 weeks.

“That’s a real issue for us,” Johnson says. “It’s
almost impossible for us to predict what orders
will be like 12 weeks from now, so we have to es-
timate long so we don’t run out. Because run-
ning out is simply not an option. And with
limited storage capacity for materials, that's a
real problem.”®?

“Within Minnesota itself, there are very few
companies who are buying biobased, biodegrad-
able, compostable or compounded biomaterials
and converting them into finished products,”
Jim Lunt, of Jim Lunt & Associates, says. “But
there are a lot of people buying those products

Would Prefer Local or Minnesota Supplier

Source: Russell Herder Renewable Materials Survey, 2010

Nine in 10 Minnesota
manufacturers express a
preference to do business with
local companies.

who are based in Minnesota and therefore can
influence the supply chain.”*

Specifications and Standards

Petroleum-based plastics have been used in
manufacturing for decades and have been im-
proved, refined and proven over that time in a
number of manufacturing processes and in a
wide variety of industrial
and consumer applica-
tions. While manufac-
turers (and their
customers) express inter-
est in using biobased ma-
terials from both an
environmental and mar-
keting perspective, they
also express concern
about the ability of these
materials to meet the
specifications and stan-
dards of their customers.

For example, Paydac Plastics of Elizabeth,
MN, is a contract manufacturer of detailed
molded plastic products — and their business is
based entirely on the demands of one large cus-
tomer who orders some 300 different prod-
ucts/SKUs. Making a change in materials or
specifications — regardless of magnitude — could
have serious consequences if they affect per-

Yes
91%

formance in any way. And that’s a risk that a
contract manufacturer such as Paydac is typi-
cally not willing to take.

The testing and approval process is another
consideration.

“Even if biobased materials were the same
cost, many of our customer’s products have gone
through an expensive approval process,” says
Phil Johnson of Paydac. “Several times we have
come across material that is less expensive, but
the customer has elected not to use it because
the cost of the approval process would exceed
the savings of the lower-priced material.”¢2

Paydac has obtained a sample of PLA 2002D,
and the company is interested in giving it a try
to “get our feet wet,” according to Johnson.
Doing so, however, will require running the ma-




Photo courtesy of Mirel®

terial using a mold that is owned by their sole
customer. “We haven't gone through the process
of getting their permission yet,” he notes.?
John Deere’s Jay Olson, Global Materials En-
gineering Manager, notes that regulatory com-

pliance and other considerations can affect the
amount of time available to explore new materi-
als in the manufacturing process. "If we switch
from one material to another, we still have to
run our internal testing of the seeds. Unfortu-
nately, that takes time and money. Test time is a
limited resource, so to make something that’s
not part of the strategic plan, like new products
that have to hit the market because of emissions,
but things that we want to do, like this, it takes
second priority; it’s just that simple,” he adds.”
Debra Darby, of Telles, notes that her com-
pany recently announced several new customers,
and continues to conduct trials with customers.
The overall development process can take nine

to 15 months, on average. “We're working with
the customers’ existing molds and tools — and
we're finding really good results with injection
molding, in particular,” she says. “Some of our
early injection molding trials have indicated
faster cycle times and reduced energy consump-
tion since the process can run at a lower temper-
ature.”®

Polyhydroxyalkanoates — or PHAs - natu-
rally occur within certain organisms, including
microbes. These microbes use PHA to store en-
ergy, consuming it for food when needed - a
characteristic that gives a product called Mirel”
its biodegradability. Mirel” is a PHA bioplastic
material, a family of bioplastics which are
biobased and biodegradable alternatives to
many petroleum-based plastics. They are being
commercialized through Telles, a joint venture
between Metabolix and Archer Daniels Mid-
land Company (ADM). Production began in
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2010 in Clinton, Iowa. Eight grades of Mirel”
bioplastics compounded products are commer-
cially available for use in injection molding, film
extrusion, sheet extrusion and thermoforming.

Mirel® has physical properties comparable to
petroleum-based resin, yet is biobased and
biodegradable in natural soil and water environ-
ments, home composting systems and industrial
composting facilities where such facilities are
available. The rate and extent of Mirel’s
biodegradability will depend on the size and
shape of the articles made from it, as well as the
specific end-of-life environment. Like nearly all
bioplastics and organic matter, however, Mirel®
is not designed to biodegrade in conventional
landfills. “Mirel offers a wide range of alterna-
tive disposal methods, so we are really able to
help divert plastic waste from landfills, Darby
adds.®?

Mirel® is made from the microbial fermenta-
tion of sugar — corn sugar, initially — through
the joint venture with ADM.

Mirel” is essentially a natural polyester that
performs like conventional plastic in a wide
range of applications. “It also converts on exist-
ing equipment and in the regular plastics infra-
structure that exists today, even though it is
biobased,” she says.®3

One example of the opportunities enabled by

Mirel” is an agricultural mulch
film used to control weeds in
fields. After harvest, farmers
can simply till the biodegrad-
able mulch into the ground
where it is broken down by
the microbes in the soil and
disappears. Another company
is using Mirel" to replace con-
ventional plastic plant pots
with a bottomless soil wrap
intended to be planted di-
rectly into the ground, and
will biodegrade in the soil
after a growing season.

“Currently our commercial
products are in use for horti-
cultural applications, marine
use and compostable bags. But, we are also
working on materials for agriculture, and short-
term use such as general packaging, single-serve
food packaging and, eventually, durable prod-
ucts such as business equipment and consumer
appliances,” Darby adds.®®

Though they continue to have strong interest
in using biomaterial, Minnesota plastics manu-
facturers cite such issues as potential warranty
impact, equipment costs and lack of sufficient
internal research and development capability to
fully test their systems before making the transi-
tion.?

“Any time we make a change of substance in
the structure of the product, such as a stiffener
or a profile, we need to run it through the test-
ing process,” says Jeff Ackerson of Vinylite, a
Fergus Falls-based manufacturer of vinyl win-
dows and doors. Vinylite products must meet
the testing standards of the American Architec-
tural Manufacturers Association, ASTM and
other approving organizations.”

“Before we spend $2,000 on putting the
product in a test wall, we'd want to model it on
the computer first to see if it has a good chance
of passing the test,” adds Ackerson.””

In the northern tier of states, performance
under extreme cold conditions is critical — not
only when the product is in use, but also when it




“This harmonization could
really benefit the bioplastics
industry and drive policy that
enables the infrastructure
rather than causing
roadblocks.”

- Debra Darby, Telles

Concerns about Use of Biobased Material

Potential impact on warranty

Potential of additional manufacturing equipment cost

Lack of research and development capability
to fully test it in our system |
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Source: Russell Herder Renewable Materials Survey, 2010

is being shipped, stored or distributed to other
manufacturers or end users. “There are a lot of
liability, warranty and personal liability issues
with component changes, so to invest in that is
really expensive — and the return is pretty far
out because of the investment of time and
money in testing under various conditions,” says
Don Hurley of ShoreMaster, a manufacturer of
boat docks and other marine equipment.®

RPI (Reprocessed Plastics) of Garfield, MN,
processes post-industrial plastic by regrinding it
and extruding it into sheets that are either sold
as is or cut in-house into products sold by RPL
Occasionally, RPI simply sells the raw regrind if
the market opportunity presents itself. RPI
manufactures products such as baker’s trays, cut-
ting boards and stencils for highway department
pavement painting (e.g., “STOP AHEAD” mes-
sages). “The tricky part is knowing whether
these bioplastics are going to behave like poly-
ethylene;” says RPI’s Clair Angland.

“We have some of the longest warranties in
the industry, so product performance is a big
deal for us,” says Rob Katzenmeyer of Shore-
Master. “Our suppliers submit spec sheets and
they have conducted UV testing, fade testing
and so forth. But time is the ultimate test.”¢>

Debra Darby, of Telles, notes that some stan-
dards are becoming outdated as technology
changes, citing the ASTM standard of D6400
for compostable plastics in an industrial com-
posting environment as an example. “We are
also seeing changes in legislation affecting the

marketplace. California is discussing green
washing and defining what is compostable and
biodegradable. Minnesota has legislation in
place for use of compostable yard waste bags,’
she says. “This harmonization could really bene-
fit the bioplastics industry and drive policy that
enables the infrastructure rather than causing
roadblocks.”®?

Shifting from single-use disposable to durable
plastics made from renewable resources helps re-
duce the need to build a composting collection
and processing infrastructure. “Because people
want durable, they are not as concerned about
compostability,” says Jim Lunt, of Jim Lunt &
Associates. “But they are concerned about the
origin of the carbon.”*

"We think the real application is in engi-
neered durable goods because the end of life is
positive — and because of their ability to replace
current hazardous petrochemical products in
these markets," says Mike Riebel of Biovation.
"The durable goods can be biocomposted just
like bags, and they’re easier to reclaim or recycle
if the technology and the processes are correct
... I’s a shame to see [biobased plastic] used as
low-end packaging when it has the ability to be
in so many other higher-valued products."#

Accent Signage Systems of Minneapolis uses
Ingeo’ for selected products within its Intaglio™
Signage System. Fully ADA compliant, this sys-
tem features tactile letters, graphics and Braille
— and was developed specifically for LEED®
green-building applications. These signage sys-



Photo above illustrates completed ADA compliant signage
made entirely of NatureWorks Grafica™ materials.

Photo courtesy of Accent Signage

tems have also earned the GREENGUARD cer-
tification for Children and Schools and the
GREENGUARD certification for indoor air
quality.

There is a movement toward incorporating a
certain percentage of biobased materials in plas-
tics — in effect, creating a “blend” of petrochem-
ical and renewable plastics. This approach is
similar to that used by the paper industry when
it entered the “recycled source” market; paper
stocks were labeled as having a certain percent-
age of “post-consumer waste.” The incorpora-
tion of biobased plastics in this way can improve
the perceived "greenness” of plastics and build
demand for renewable sources. This is especially
applicable in the durable plastics market, in
which the recyclable/compostable attributes are
less critical than with disposable items, such as
plastic flatware or packaging.

To a company such as RPI, however, blends
present a bit of a problem.

“If you blend it, you have a combination of
biodegradable material and non-biodegradable
material,” says RPT’s Clair Angland. Once that
gets into the waste stream, there is no easy way
to segregate the sources or types of plastic. “If it
has some PLA in it, that portion may degrade
over time, but you cannot call the product
‘biodegradable’ because of all the polyethylene
that’s in it.”®°

Manufacturing Challenges
Manufacturers with significant investments
in equipment, testing, processing and research

may be reluctant to risk changing to a
new raw material or a component with
different specifications. “There are many  3f13id of the material — try it
different grades of plastic, with wildly - Gary Noble, Bio-Plastic Solutions,
varying properties — and different plas- LLC
tics are suitable for different applica-
tions,” says Steve Davies of NatureWorks.
“The same goes for bioplastics.”>

Standards and specifications are one
concern, and are addressed in another
section of this report. But the effect on
machines and processes is a practical
consideration that has some manufactur-

“My advice to other
manufacturers is don't be

ers asking questions that could mean the differ-
ence between keeping their production lines
working - or shutting them down.

Clair Angland of RPI sums it up by saying, “I
think I can make a sheet out of biobased plas-
tics, but I don’t know what it’s going to do to my
extrusion line. Is it going to plug things up?
Will it purge out? Will I have little bits of PLA
in everything from now until the end of
time 2”0

At RPI, melt index (flow rate) and end den-
sity are key characteristics. “It has to stay flexible
through the cooling process to a certain temper-
ature or it’s simply going to break as it goes
around the rollers — and then at a certain point,
it has to be hard enough to cut with a saw,”
Angland says. “It has to follow the rules of what
we're used to — either that or we'd really have to
change our process.”®

RPI needs to be able to create sheets that are
one-cighth inch to three-quarter inch thick. The
cutting process is also a concern for RPI. “I
know that cutting the stuff is not easy ... it
smears and gets taffy-like when you start cutting
it;” Angland says. “We’re not going to be able to
slit it with a razor blade like we currently do, so
we’re probably looking at circular saws — and
maybe fluid to keep it cool during cutting,
which means yet another piece of machinery.”®

While RPIis intrigued by bioplastics, they
are not willing to go out on a limb to give them
a try. Angland says he would need a potential
customer to help pay for the test. “If someone
came in and said they'd pay for the trial and




“They are not going to pay
more for it. That's good, in my
opinion because it drives
industry to be more creative.”

- Chad Ulven, North Dakota State
University

then become an ongoing customer if it worked,
we'd be willing to give it a go,” adds Angland.®

Darin Grinsteinner is Engineering Manager
for CPI Binani, Inc., a thermoplastic direct
molding company in Winona, Minnesota. He
has been experimenting with bioplastic resins
with additives such as distillers grains or fibers
in order to increase the performance characteris-
tics. He says that customers are asking for cur-
rent information on bioplastics. "They don't
want a data sheet that's over a year old. They
want current stufl;" he comments. "So every year
I'm going to do some natural fiber, biocontent
plastics work — mainly on my own nickel. How-
ever, most of the suppliers that are in the supply
chain are good at sharing costs."!

Harold Stanislawski, with the Fergus Falls
Economic Improvement Commission, says,
“Ideally, companies could dedicate machines to
handling biobased products, which would elim-
inate the need to purge between bio/non-bio
runs. There are reports of a lot of machines for
sale in today’s economy, which might offer an
opportunity for an aggressive, biofocused vi-
sionary manufacturer to pick up the equipment

needed for a dedicated bioline.”s®

Chad Ulven, Assistant Professor in Mechani-
cal Engineering at North Dakota State Univer-
sity (NDSU), believes that industry will see a
rapid acceleration of biobased material adoption
within the next decade. Ulven’s research at
NDSU focuses on integrating natural fibers into
synthetic resins to make “biocomposites,” as
well as looking at resins that are made from veg-
etable oil, starches and proteins, and incorporat-
ing synthetic fibers with an ultimate goal of
creatinga 100 percent biobased composite.®

“With composite materials, you really design
the material to suit the application, not the
other way around. You design the material to
put strength and stiffness in the areas you need
it. Now that we have enough knowledge base on
these biobased composites, we can start doing
those sorts of things — and we have been,” Ulven
comments.%

But as promising as Ulven says the market is,
his work with manufacturers has shown there

are challenges as well. “OEMs that I have en-
countered often are interested in utilizing re-
newable materials in their products because they
feel it is the right thing to do — that it’s responsi-
ble for the environment. At the same time, they
are not going to pay more for it. That’s good, in
my opinion, because it drives industry to be
more creative, to step up to the challenge and
say, ‘we can produce some of these biobased ma-
terials at an affordable cost to those of the pe-
troleum-based,” he explains.®

Ulven says, “We often are on the ground
helping the molding process because these mate-
rials mold differently than your traditional pe-
troleum-based plastic. That is why an
educational component is so important with
these materials. Just making sure people under-
stand that their flow behavior is different, their
melting temperatures are different and how you
handle them is just a different methodology
when you are working with them.”®

Tim Welle, BioBusiness Alliance of Min-
nesota, agrees that it is often difficult for a plas-
tics manufacturer to get to the scale they need
to be successful. “You have to build a mold to do
it; you need to have the machines tuned up and
get up to a certain level. It is difficult — and difh-
cult to get there right away. If  am a manufac-
turer producing a line of covers for that and I
am running at 90 percent capacity, I cannot shut
down, try something out and then come back;”
Welle says.¢”

Manufacturers such as Gary Noble of Bio-
Plastic Solutions say, for the market to develop,
some risks have to be taken. “My advice to other
manufacturers is don’t be afraid of the material
— try it. If you have a job that you are finishing
up, run it. Learn from it. Take an hour or two,
purge your machine, throw it in, get as much in-
formation from the supplier of the resin and just
run it in your machine;” he says.>

Part of the issue lies in understanding the ca-
pabilities of specific biobased material and em-
ploying them correctly, according to Olga
Selifonova of Reluceo. “People try to use things
for non-intended purposes,” she observes. “From
my perspective, they need to look at the proper-



ties of every new offering
comprised of biobased mate-
rial, and use them precisely for
what they can and should be
used.”e8

Selifonova is Chief Execu-
tive Officer of Reluceo, a pri-
vately held green chemical
company located in Min-
neapolis. The company is tar-
geting novel functional
polymers for replacing major
consumer products that carry
detrimental environmental
impact and biodegradable
plastics that can be responsi-
bly manufactured with use of
non-food biomass sources, such as crop and
wood residues. Prior to founding Reluceo, Seli-
fonova co-founded Segetis, Inc.

Gauging market potential is important and,
according to Tim Welle of BioBusiness Alliance,
requires evaluating the opportunity of biobased
material in new ways. “It is a different way of
thinking. How can this innovation help us grow
the top line, not just cut the bottom line? How
can this be a revenue generator? It probably will
not be a cost cutter. And will this enable you to
get into a new market?”¢

Bio-Plastic Solutions, a Minnesota firm that
has produced traditional extruded plastic parts
for doors, windows, office furniture and medical
devices for a decade did just that. They assessed
the opportunity and are now attempting to cap-
italize on the biobased movement. The com-
pany, which manufactures durable furniture
parts and building components from corn-based
plastic, is one of the first in the nation to use re-
newable polymers in plastic profile extrusion, a
process for making continuous plastic shapes.
“We don’t know of anybody else doing this for
profile extrusion,” Gary Noble, Bio-Plastic Solu-
tions founder and CEQ, commented in a 2010
published interview.”?

Last year, the company introduced three new
products for the building industry made from
BioBest® Bio-Co-Polymer, its patent-pending

Bioplastic construction pieces, such as sheetrock corners used
a’uring CONSLYUCLLON, OF COTNEY PYOLectors. (Photo by Rolf Hagherg Photography)

renewable plastic material. The furniture edge
trim, drywall corner bead, and interior wall
guards are made from a blend of corn-starch-de-
rived polylactic acid (PLA) and high-quality,
petro-based polymers. The new products con-
tain more than 80 percent renewable biobased
carbon and are recyclable.

Bio-Plastic Solutions is also developing ex-
trudable PLA polymers that incorporate crop
fibers for use in building interiors.

“I see a tremendous opportunity to add value
to Minnesota agriculture as we focus on grow-
ing the biobased industry. Crop fibers, along
with other specific biomass fibers, could provide
the potential for expanding utilization of agri-
cultural fibers, as well as job creation in rural
Minnesota through production and processing,”
says Alan Doering, Senior Associate Scientist —
Co-Products, with the Agricultural Utilization
Research Institute.”

Research Doering conducts at AURI is sup-
porting biobased companies looking at the
physical and chemical composition of agricul-
tural fibers along with particle size distribution
after processing. This research will help identify
which fibers work best in current molding
equipment while adding strength and heat tol-
erance to the end product.”

“One of the obstacles processors face is that
every ag-based fiber has unique characteristics.
Lignin, hemi-cellulose, and cellulose content in




fibers can affect how it r
performs in the molding
processes or its impact on
adding strength or reduc-
ing deflection in building
materials. These are only a
few of the characteristics
being investigated,” Doer-
ing explains.”

The point of developing
such products, according
to Gary Noble, is one of
market differentiation.
“We asked ourselves how
can we give ourselves an
opportunity for better
margins, be less oriented

care facility and baby furni-
ture markets look promising.
BioBest® products contain no
PVC plastic, no formalde-
hyde or hazardous chemicals,
and emit no harmful VOCs
— thus making them more at-
tractive than the alternatives.
Targeting the green build-
ing and construction market
makes sense — both public
and private. John Souter of
Accent Signage notes that
federal policy and procure-
ment is a positive driving
force. "If you go to the
United States State Depart-

toward jU.St price and more Biop[ﬂ_gﬂc gdgzng fbﬂt can bg u;ed on ment WCbSitC, you’ll see their
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value,” he says.>

In addition, Noble was seeing growing mar-
ket demand for non-hazardous, non-carcinogen
based products to serve as an alternative to pe-
troleum or even wood-based options. While ex-
terior building materials have some promise, the
extensive testing required to mimic factors such
as temperature changes
and fading were time and
cost intensive. Interior
products, however, offered
fewer hurdles but were
not without its necessary
growing pains.>

“Typical of most devel-
opment, you go into it
eyes wide shut,” Noble
says. “You think you have
the right direction and
you've gathered informa-
tion, but what you learn as you are going along
can be very disruptive to that success.”

Though the economic downturn has proven
challenging for Bio-Plastic Solutions — and
likely other innovators — Noble believes demand
for durable bioplastics will be robust, as long as
price and performance are on par with petro-
leum-based plastics. In particular, the health
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Samples of colors that can be used in
bioplastic materials. (Photo by Rolf

have all of their federal build-

ings certified at least to a LEED Silver level by
2014," he says.®

Souter adds, “Fortunately, the State Depart-
ment has taken the time and applied the re-
sources to make this happen. I think you are
going to see this more and more in the private
sector as well. When people
become more cognizant of
green technologies, and once
they find the money trail,
things will go pretty
quickly."s
Product Misperceptions

Another factor that must
be dealt with to spur
biobased market growth, says
Chad Ulven of NDSU, are
misperceptions on the part of
both buyer and manufacturer.®

“When people think biobased, they think
cheap. They think, “This is going to fall apart in
service, the degradation rate is very high and it
is not going to survive the type of environmen-
tal conditions I need. But what we have shown
is that if you incorporate things properly and if
you protect those natural-based constituents



within a robust plastic, the degradation and
weathering do not change much at all if you do
it properly;” says Ulven.%

"People don’t yet fully understand the unique
properties of some of these biobased materials,’
says Biovation’s Mike Riebel. "Everyone has this
preconceived notion that, if it’s a biomaterial,
it’s some biodegradable, disposable low-end
packaging. That preconceived notion is one of
the biggest barriers. These are more like engi-
neered plastics if you know what you're doing
with them."#

Biobased products can perform differently.
As manufacturer Gary Noble with Bio-Plastic
Solutions points out, “Buyers want to know if
the product that you are trying to manufacture
is going to work and act in the same way as the
products they have been receiving to date.” If
not, he says, few are willing to take a chance -
particularly in the current economic environ-
ment.>¢

Part of the issue lies in understanding the ma-
terial itself. “You have to be able to design with a
little more variability in your product. With
steel, aluminum and materials of that nature,

you know what your standard deviation is on “Once they find the money
properties. You know what your tolerances are trail, things will go pretty
when you are designing a structure out of those quickly."

traditional materials. When designing using nat-
ural or biobased materials, you have to be able
to accommodate for a larger variation in physi-
cal performance; that comes down to the design
engineers being a little bit more savvy; explains
Ulven.%

Critical to this, Ulven believes, is documenta-
tion. “What that takes is a larger database of
material properties that one can go spec and
learn from. That is not present right now. On
the web, you have large databases for physical
properties of synthetic plastics, metals — you
name it, you can find it. With these biobased
materials, it is very hard to come across spec
sheets and mechanical property information to
allow designers to play with it. Somebody has to
take the initiative to either add to existing data-
bases or start creating their own database that is
widely available online.”®

- John Souter, Accent Signage

Part of the issue lies in
understanding the material
itself.

Photo of bioplastics company in southern Minnesota. (Photo by Rolf Hagberg Photography)




“We started getting phone
clls ... All of a sudden the
enthusiasm became no longer

just talk.”
- Gary Noble, Bio-Plastic Solutions

For some manufacturers on the forefront of
introducing biobased materials to the market,
one of the most significant issues has been the
recent economy. If their own survival is number
one on a buyer’s agenda, they may be less likely
to invest in developing and marketing new
products. As Gary Noble of Bio-Plastic Solu-
tions comments, “For many months, nobody
was willing to do much. They were extremely fo-
cused and intent on building what they had,
holding on to their employees and keeping them
busy.”>¢

But then things started to change. “The latter
half of 2010, we started getting phone calls.
And it wasn’t just small players, it was larger
players. People were willing to try it. All of a
sudden, the enthusiasm became no longer just
talk. There is a willingness to at least approach
the question (of using a biobased material) with
their customers,” Noble adds.>¢

Mike Riebel, of Biovation, has a unique per-
spective on bioplastics. "I get a lot of heck for
this but, in my opinion, bioplastic is not a plas-
tic. You have to think of it, technically, more
like a food product,” he says. "If you take a bio-
plastic and give it to a normal plastic guy, he's
going to treat it like polyethylene, polypropy-
lene or whatever. You give it to a food guy who
extrudes spaghetti, he's going to look at it com-
pletely different in its ability to be processed,
changed and modified - completely different
than a plastics guy. The best way we've found is
to get both of those disciplines to argue to-
gether to come up with the correct marketing
solution."#

Perhaps contributing to a lack of manufac-
turer adoption is confusion. “What does it
mean to be a bioproduct? How does that inter-
play with biodegradability? If those definitions
are not firm, I think that might potentially slow
the introduction and overall acceptance of
them, because there might not be a hard and
fast definition of what everybody is working to-
ward,” observes Jeremy Dworshak, Material En-
gineer at Steinwall, Inc.%

Steinwall, unlike some other Minnesota plas-
tics manufacturers, has been actively pursuing

use of biobased resin in production. As process
engineers, Steinwall works closely with North
Dakota State University (NDSU) and OEMs to
refine the process and applications for ulti-
mately producing bioplastic products. Partner-
ing with an organization, such as NDSU, is an
effective way to develop industry channels,
Dworshak says.4

Regulatory Issues

Other issues complicating the growth of
biobased materials — at least for now — lie in the
regulatory sector. As Steve Kelley of the
Humphrey Institute explains, these concerns
can extend far beyond Minnesota’s borders for a
manufacturer. “I think that the changing inter-
national context on chemicals of concern is
going to continue to push manufacturers in the
direction of safer chemicals. One area of uncer-
tainty is the U.S. Toxic Chemicals Act, which is
up for revision. As long as that remains uncer-
tain, it creates an environment where manufac-
turers are not sure what is going to happen or
how it will fit into the international market,”
says Kelley.>

Kelley adds, “When you think about 3M and
the European Reach Initiative, 3M is not going
to ignore a market the size of Europe. So, one of
the issues will be the extent to which these dif-
ferent markets have different expectations. The
U.S. is such a big market, one would hope that
there would be some consistency; whether that
is politically possible between here and Europe
is an interesting question.”

“I think manufacturers plus government plus
the nonprofits and other observers are going to
have to work together to become more clear
about what we mean by sustainability,” Steve
Kelley says.>

But, the obvious question is, work together
how?

“That is a good and hard question. One over-
all issue in chemical regulation: we need to fig-
ure out the difference between a risk-based
approach to harmful chemicals and a hazard-
based approach. From the environmental per-
spective, if the chemical is hazardous you want



to get rid of it. From the manufacturer side, the
real question is not if the chemical is hazardous,
but does it pose an actual risk to human health
or is it the environment? I see a divide over that
question that hasn’t been bridged and requires a
combination of science and politics to bring
people together and balance these two different
views,” Kelley adds.>

The Minnesota Environmental Initiative
(MEI) has convened a stakeholder group to
consider the question of chemical regulation in
Minnesota, where this discussion has been a
part of the conversations. According to Kelley,
“MEI completed phase one, which was to look
at the feasibility of Minnesota
developing its own approach to
this. They are now trying to
raise the money to do phase
two of this stakeholder process

providing one-to-one guidance on the manufac-
turing floor. Such insight, he says, could ease re-
ceptivity to trying something new.®

“Just like with any new material a molder
gets, they do trials. They usually get in 500
pounds and try to optimize the process before
they actually produce the final product. You are
going to do the same thing with this material,
however, it makes a huge difference on your per-
ception if you start very close to your optimal
versus very far away from your optimal,” Ulven
comments.*

According to recent research conducted with
Minnesota plastics manufacturers, a third felt

Interest in Learning More about Biobased Material
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The Need for Education

With the projected growth
in incorporating bioplastics
into the production and supply
chain, some believe education
could be beneficial to ease the
process. In a survey conducted
with Minnesota manufacturers
in late 2010, 80 percent indi-
cated an interest in learning
more about utilizing biobased
material in their operation.?

When asked how they would
prefer to access information,
most opted for doing so online,
through a supplier or by read-
inga trade magazine.3

Chad Ulven, NDSU, be-
lieves such education could be
delivered via conferences, sym-
posiums or online — besides

Supplier

Trade magazine
Distributor

Industry association
Workshop or seminar

University

Source: Russell Herder Renewable Materials Survey, 2010
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Source: Russell Herder Renewable Materials Survey, 2010

60%

80% of Minnesota
manufacturers have interest in
learning more about utilizing
biobased material in their
operation.




training is needed in
the use of biobased
material.?

“It is a new para-
digm. Training -
along with research

Staffing or Training Needed
for the Use of Biobased Material

Unsure
Yes

%
11% 23%

lach, Minnesota Corn
Growers Association. Con-
tent, however, would be
critical. “If you just have a
one-on-one workshop or
something, you might get a

and development on
how to get there — is
definitely a need.
Hennepin Technical N
(0]
College, as an exam-
ple, is well set up to
provide that if they
can get some funding.
We have the players here for Minnesota to be
the state that really understands how to use with
this [biobased] material and get quality prod-

ucts out of it,” says Tim Welle of the BioBusi-
@

66%

ness Alliance.
For some manufacturers, like Steinwall Inc.,
continued learning is already a major initiative.
“Education and education sponsorship is a pri-
ority here, not only just with the academic insti-
tutions, but also internally. We have a very
sophisticated training orientation that we devel-
oped,” explains Jeremy Dworshak, Material En-
gineer. “Another thing that Steinwall does is
publish a bi-monthly newsletter. We write tech-
nical articles and articles about injection mold-
ing. These go out not only to our customers, but
also to our competitors, so we can help educate
the industry as a whole — so we can all get bet-
ter. 46
Education may be useful within the agricul-
tural industry as well, according to Tim Ger-

The Rural Innovation Network Model

few attendees. But if it is
not based in some sub-
stance and real-world prod-
uct examples that work, it
may not go anywhere,” Ger-
lach comments.>®

Source: Russell Herder Renewable Materials Survey, 2010

Confidentiality Versus Collaboration

Continued, successful innovation does not
occur spontaneously. To bring innovation
through to commercialization, according to the
Agricultural Utilization Research Institute
(AURI), requires planning, strategy develop-
ment and a strong network of support. In its
Rural Innovation Network Model, AURI advo-
cates a systems approach that integrates techni-
cal and scientific assistance, market
development, market research, business plan-
ning and targeted network outreach.”!

“AURI’s Innovation Launching Pad process is
designed to explore the value chain and invite
players to the table. The purpose is to move
ideas to the implementation stage. Within
AURI, we have a motto that innovation equals
ideas plus implementation,” observes Jennifer
Wagner-Lahr, Senior Project Development Di-
rector at the Agricultural Utilization Research
Institute.”?

Create and retain jobs
and business in
rural areas

Optimize assets

= to launch
Innovative 24 Strategy homegrown innovation
Research Communities Development
& of & Establish a replicable
Development Innovation Partnership ~ modelfor
St g stimulating innovation
Initiatives Alignment
(Predictive) (Proactive) (Reactve) Reverse
brain drain

Increase agricultural
commodity
utllization




She adds, “It has been interesting to watch
entrepreneurs, operators and service providers
problem solve collaboratively. You would think
that there would be motivation to remain closed
lipped, but in our experience, we have witnessed
alot of sharing of information and willingness
to make suggestions to others within the indus-
try. It is just a matter of bringing people to-
gether in an environment that supports trust
and communication.”7?

A willingness to share information is funda-
mental, but something that can be a challenge
during the innovation process. As Joel Makower
reported on www.green-
biz.com, “Genuine progress
remains elusive as scientists,
innovators and companies
often travel down parallel
paths, each reinventing the
same metaphoric wheel.””?

In an attempt to address
this challenge on a broad
scale basis, a small group of
companies — including
Nike and Best Buy — part-
nered with nonprofit Cre-
ative Commons to create
GreenXchange, an open in-
novation platform that pro-
motes the creation and adoption of
technologies that have the potential to solve im-
portant global or industry-wide challenges.
Knowledge is shared across many companies, in-
dividuals, suppliers, distributors, academia and
others to solve common problems and to assist
internal innovation.

The goal is to encourage patent holders to
make their portfolio available for licensing on
reasonable terms, while retaining the defensive
benefits of patents. “Many patent holders have
patented inventions that could have broad or
new applications in areas that they did not an-
ticipate, but they may not have a strategy to ac-
tively license them or offer them for such uses.
By making public license offers on reasonable
terms, patent holders can encourage others to
seck out novel uses, which can have important

economic or environmental benefits,” develop-
ers explained.”

The project, which now boasts 463 “assets,”
was initiated at Nike, which has been develop-
ing materials and processes to reduce the envi-
ronmental impacts of its own products. “In
order to get to a green economy ... we're going
to have to start collaborating in a much more
open innovation way,' Kelly Lauber, Global Di-
rector, Sustainable Ventures at Nike, was quoted
in an article on www.greenbiz.com. "Because the
issues in front of us ... they’re all too big for any
one company.'”

(Photo courtesy of Elevance Renewable Sciences, Inc.)

Within the biobased material industry, col-
laboratives and industry association efforts do
exist, but information sharing is not pervasive —
particularly among retailers, OEMs and product
developers. In preparation of this report, in fact,
anumber of entities clearly working within this
space declined to share their progress.

Chad Ulven, NDSU, says such reluctance
threatens to slow the development process.
“One thing that really bothers me about trying
to get these materials up and going in the indus-
try is that everybody is so paranoid and secretive
about what they are doing. That, to me, is just a
hindrance.”®

“People always ask, “What if somebody else
starts doing what you are doing? How is that
going to impact how you move forward?’ I wel-
come that. I welcome a couple dozen more peo-

A willingness to share
information is fundamental.

"We need a bigger ecosystem
for innovation."

- Robert Elde, University of
Minnesota




“Sometimes when you are
small, you have to look at it
and understand that you can't
protect everything.
Sometimes you just have to

get it out there.”
- Manufacturer

"Itis important to the
University, and to society, for
innovations to be moved into

the marketplace”
- Eric Kaler, University of
Minnesota

ple trying to do what I am doing. We are such a
small fraction of materials production in this
country and materials usage that it is going to
take a larger critical mass of people to make a
business out of this to get it going. It is back-
wards to me,” Ulven explains.®

Alan Doering, AURI, has seen first hand
what successful collaboration can accomplish.
“One of the biggest impacts on successfully de-
veloping biobased products that I have been in-
volved with came from networking between
companies that complement each other. For ex-
ample, one company may have an idea and the
materials to produce their biobased product
while another company can provide or may al-
ready have processing technology to produce
the final product,” he says.”

NDSU’s Chad Ulven comments, “Nobody is
going to throw their hat in the ring and say, ‘I
am going to put a production facility on the
ground here to produce these materials because
all of these different people are going to use
them. No one is going to do that if no one lets
anybody else know that they are trialing them
and they are behind the scenes. A lot of people
don’t want to come out and say, ‘We are trialing
some of these materials; if somebody came out
with a production facility, we would be up for
orders in the future,” he observes.®

From the manufacturing perspective, broadly
sharing information can threaten protection of
intellectual property. As one manufacturer ob-
serves, “Why would I open my mouth? [By
sharing information] you can accelerate the de-
velopment cycle, but you kind of go, “Wait a
minute. If we do, we are going to have a prob-
lem. But sometimes when you are small, you
have to look at it and understand that you can’t
protect everything. Sometimes you just have to
get it out there.”

Jeremy Dworshak, of Steinwall Inc., agrees.
“If you keep it as a black magic, people will be
unsure. [ think it is important to communicate
it.”4

The need for collaboration isn’t relegated to
the private sector. Some believe academia
should further rethink their willingness to work

with the manufacturing community. “Colleges
need to recognize that they should be training
students, not creating IP,” one manufacturer
says.

Dean Robert Elde, University of Minnesota,
says interest in collaboration does exist from the
University’s standpoint, but agrees, "we need a
bigger ecosystem for innovation."”

As one academic states, “It is always a conflict
of interest issue researchers have. How do you
justify a student’s work on a project that could
eventually benefit a company? Universities
could encourage faculty to take initiatives for
eventually commercializing things — for trans-
lating research and technologies. They [acade-
mic researchers] should be a part of this because
they typically know the most about this tech-
nology.”

"The fact is, innovation occurs within start-
ups. That's where things happen versus the old
model which typically started within academia,’
Robert Elde says. "We need to collectively sup-
port entreprencurship to create a greater contin-
uum of research and innovation."”

Eric Kaler, incoming President of the Univer-
sity of Minnesota notes, “I do see and under-
stand the value of these collaborations between
the University of Minnesota and industry. It is
important to the University, and to society, for
innovations to be moved into the marketplace
in an appropriate way so that they can be fur-
ther developed and used. I look forward to
helping the University continue to be a place
where research results can have a practical im-
pact.”’

Food Versus Industrial Use

Converting agricultural commodities into in-
dustrial products is a controversial issue. It has
been raised in relationship to biofuels produc-
tion and is part of the conversation surrounding
biobased plastics as well. Some people are con-
cerned that, in the rush to reduce reliance on
petroleum through biobased fuels and products,
we are taking food away from a hungry world.

“Many companies who would be early sup-
porters of this industry are not excited because






of (real or perceived) concerns about bioplastics
competing with food, just like in the biofuel sec-
tor, observes Jim Kleinschmit, IATP.2?

“What dictates the use of a commodity is its
highest value. If food use is a commodity’s high-
est value, it is bid up for that use,” says Jim
Palmer.””

According to BioPlastics-Investor, the con-
cerns about competition between food stocks
and bioproducts must be dealt with. “Current
estimates place an ever-increasing demand on
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the roughly 10 percent of the plant that is suit-
able for crop growth, which could seriously im-
pair the world’s ability to feed itself. Moreover,
crops are also being harnessed as an alternative
fuel source, corn fuel, ethanol biofuel and cellu-
lose ethanol for instance, which adds up to the
many uses of agricultural products,” the publica-
tion asserted.”

“However, new technological advances will
allow some bioplastics to be made from agricul-
tural waste products, as well as the crops them-
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selves, which would not only alleviate some of
the burden for crop space, but assist in creatively
dealing with waste from the food production in-
dustry”7

In an effort to balance the production of bio-
plastics with concerns about agricultural sus-
tainability and the conversion of food products
to industrial products, Green Harvest Tech-
nologies works in conjunction with the Institute
for Agricultural Trade Policy (IATP) on the
Working Landscape Certificates (WLC) initia-
tive, which is modeled in the energy sector’s Re-
newable Energy Certificates. It is a
market-based initiative that allows manufactur-
ers, retailers and consumers of biobased plastics
to help farmers grow biobased feedstock crops
in a more sustainable manner.

Based in the Twin Cities and founded in
2007, Green Harvest Technologies has a patent
in process to make biobased durable transparent
bottles from PLA. "Our process stretches and
aligns the polymer chains to increase heat resist-
ance and durability. We've been able to take
PLA's glass transition rate from 105 degrees
Fahrenheit up to 150 to 155 degrees, which
now makes it equivalent to PET — and we’re
doing that with 100 percent PLA with no addi-
tives,' Patrick Kenney with Green Harvest
says.”

"We have a priority on doing the green chem-
istry and polymer engineering work to establish
certified material formulations we will use in
product. It's all about proof of concept that ma-
terials will perform in productized form," Ken-
ney continues. "We are choosing the most
promising biopolymers from around the world
and taking a ‘science to solutions’ approach. We
will have a pilot plant for prototype production
using the advanced materials developed.””

Kenney says the company is applying the “12
Principles of Green Chemistry” in their busi-
ness model. The 12 Principles of Green Chem-
istry were developed by Paul Anastas, then of
the US. Environmental Protection Agency, and
John C. Warner to outline what the definition
of “green chemistry” means in practice.!”

“Highlighting a subset of the principles, in

Corn and PLA (polylactic acid) resins that go
into bil)plﬂ.fﬁ(&. (Photo by Rolf Hagberg Photography)

gredients in material formulations will be trans-
parent, performance characterizations will be
clear and tested, and material is designed to
avoid toxicity and will have a clear repurposing
plan when entering the waste stream,’ Kenney
notes.”?

Green Harvest is gaining interest from the
reusable bottle market, including souvenir bot-
tles and entertainment markets. “We’ve also
drawn high interest in applying our technology
in baby bottles and in pharmaceutical bottles,’
Kenney adds. Green Harvest intends to manu-
facture products and take them to market them-
selves. To that end, they are looking to partner
with and acquire one or more injection molding
companies. Once the process and products have
proven themselves in the marketplace and built
brand recognition, Green Harvest may consider
licensing the technology or becoming a custom
manufacturer for other companies.”

An example referenced earlier in this report,
Stonyfield Farm is making yogurt cups from
PLA. Green Harvest Technologies sells them
Working Landscape Certificates. “They pur-
chased certificates for acreage that produces the
amount of corn it takes to manufacture the
amount of PLA they use in their yogurt cups —
equivalent to about 500 acres,” says Kenney with
Green Harvest Technologies.”

Market Challenges




bridizing different
types of biomasses to
gain greater stability
in products. “When I
fill a plastic to replace
a talc or calcium car-
bonate, I don’t just fill

“If we can start to shift our
choice of feedstocks for
biorefining to help farmers
get new markets for other
kinds of crops . . . then the
sector becomes so
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Brian Schmitz of Mullinix Packages adds,
"Many customers will not use plastics that take
from the overall food supply, creating shortage
of supply and higher food prices. We need to
make products from biomass other than corn."®

Jim Lunt of Jim Lunt & Associates says that
uses of alternative agricultural feedstocks can
also address this situation to some degree.
“Wheat straw, corn stover, corn cellulose and
wood pulp - these can all be the source of natu-
ral fibers that can be used to reinforce plastics,”
he says. “They give plastics stiffness and strength
— and they are already used in automotive inte-
rior panels and nonbearing parts.” These com-
posite materials make use of feedstocks that are
not part of the food chain.?’

“There are some plastics that are going to be
produced from corn and some from soybeans,”
says Tim Welle of the BioBusiness Alliance.
“When you look at the next process of biobased
chemical development, forestry is going to be
involved. As far as what feedstock group is
going to benefit most, it is hard to say. A major-
ity of plastics produced in high volumes today
are coming from corn. There is biobased insulat-
ing foam and quite a few products emerging
from soybeans and other types of oils. Biobased
composites that use agriculture fibers are an-

other interesting opportunity.”®”
Chad Ulven, NDSU, has been looking at hy-

We're the world's first dairy company te use plant-basod plastic for thic kind of packaging.

. Onthe Road

thought on it s,
‘Okay, if you get this
material up and run-
ning, what happens if
you have a bad year
for that commodity?
How are you going to
maintain production?” So, instead, I have been
digging in and finding what is the cellulose,
hemi-cellulose, lignin content and the residual
fats and proteins; then I mix or hybridize differ-
ent biomasses so I maintain a constant con-
stituent breakdown. I mix and match many
different biomasses so I have a constant cellu-
lose, lignin, fats and protein content so I know
how that filler is going to behave,” Ulven ex-
plains.®

IATP’s Kleinschmit feels that the focus needs
to be on the big picture. “It is not just about
plastics. We aren’t going to solve our energy
problems, or eliminate our petroleum depend-
ence, because of biofuels or any other single
form of renewable energy. We have to look at
everything through the refining stream. Bioplas-
tics are just one component of an overall biore-
fining system that includes energy, lubricants
and more,” he explains.??

He adds, “If we can start to shift our choice of
feedstocks for biorefining to help farmers get
new markets for other kinds of crops that we
know are good for the farm and environment
(such as perennial grasses), and then are able to
recapture many of the nutrients at the end-of-
life, then the sector becomes so extraordinarily
better that it would be very hard for it not to
succeed.”??

Another consideration, according to Tim



Gerlach, Minnesota Corn Growers Association,
is the potential impact of biomass recovery.
“How much can you remove and still maintain
your soil quality? You can remove biomass. We
know that you can do that without hurting the
soil. It is just the question of how much. If you
are taking corn, there may be more nutrients on
the bottom third of the stock, so you want to re-
move the top two-thirds and leave that bottom
to keep your soil healthy. Or you may want to
remove it and not do it for the next year or two,
and then do it again. Those are some of the

things that we have to figure out yet,” says Ger-
lach.»

Waste Stream Management

While the initial push in bioplastics was to-
ward compostability, the fact is that the infra-
structure needed to ensure biodegradable
performance under optimum conditions simply
does not exist. Consumers do not know how or
where to access the composting environment re-
quired. This is one reason for increased interest
in durables rather than compostables. Jim Lunt
notes that the Federal Trade Commission is
considering a ruling that says, in effect, if the
product would never actually be separated for
composting, the product cannot claim to be
compostable.

“We have to figure out the infrastructure for
end-of-life more quickly for these [biobased]
materials. I think that is where the opportunity
truly lies since that is where we'll see the greatest
and immediate advantage of these materials over
their petroleum-based counterparts. We have to
increase composting, digesting and other appro-
priate end-of-life strategies,” comments Jim
Kleinschmit, TATP.2

“A lot of this relates to state-based and fed-
eral-based policy,” Kleinschmit continues.
“There has to be some level of product steward-
ship put in place for us to truly achieve what is
needed. While this won’t be easy, I do think it
can be achieved if we take some simple steps.”?

NatureWorks, and others in the industry,
have created a system whereby post-industrial
and post-consumer Ingeo® — including bottles -

are bought back after use and recycled to cap-
ture the lactic acid. “Source recycling works,”
says Jim Lunt. “If the system is in a stadium or
other closed system where you know you can
collect large quantities, this approach can be
successful.”3

“I think a big hurdle for all of us to overcome
is aligning the value chain and helping build out
the infrastructure for renewable, disposal op-
tions — enabling consumers to have access to in-
dustrial composting and other new technologies
like anaerobic digestion,” says Debra Darby of
Telles. “This might mean NatureWorks wanting
to recycle products so they can collect the lactic
acid - or Mirel becoming part of a composting
stream or anaerobic digestion source for bioen-
ergy. There is added value to this industry that
needs to be developed further.”®

“Sure you can dispose of them, perhaps recy-
cle them and reuse them, but the one advantage
of these is that they are biodegradable so that
they will eventually just disappear,” comments
Friedrich Srienc, Professor at the University of
Minnesota’s Biolechnology Institute.*

Green Harvest Technologies is working on
establishing "closed loop” collection systems
within captive environments as a way to begin
building a recycling structure. The company is
focusing on providing both its plastics products
and the collection/recycling infrastructure to
venues such as education institutions, sports fa-
cilities, healthcare facilities and large employers.
“The workplace is a big one if we could just pro-
vide bioplastics materials just for the lunch
hour, all of the plastics that end up going into
the trash,” says Patrick Kenney of Green Har-
vest.”?

Kenney says his company is working with a
Boston-based healthcare system on just such a
project. They are working to identify general
plastic products used in early life care that
Green Harvest can provide, as well as the recap-
ture and recycling infrastructure around that
product. The non-toxic characteristics of bio-
plastic products are particularly important dur-
ing vulnerable health stages, such as maternity,
birthing, neonatal and pediatrics.”

“We have to figure out the
infrastructure for end-of-life
more quickly for these
[biobased] materials. | think
that is where the

opportunity truly lies.”
- Jim Kleinschmit, IATP




"Green Harvest Technologies has a clear path
into product markets of U.S. healthcare,” he
continues. “We are aligned with some major
healthcare providers that have a passion for sus-
tainability. They are committed to test proto-
types and bring bioplastic products into use.
They recognize the many benefits of moving to
sustainable plastic products that perform. This is
a clear, mission-driven initiative."””

According to Kenney, most of the products
in healthcare need to be either semi-durable or
durable. Most of them are used once with one
patient and then discarded. "Our vision for
these environments is to set up a separate collec-
tion stream, differentiating between what has
been contaminated with organic matter and
what hasn’t; setting up a separate collection
stream, and then being able to get enough criti-
cal mass to justify shipping to where it can be re-
cycled," he says.”

“Going the route of recycling with PLA
means working with a company like BioCor,”
says Kenney, “which is involved in using hydrol-
ysis to break down PLA from polylactic acid to
lactic acid and then reselling that into the mar-
ket as lactic acid. Recycling strategies for other
bioplastics require additional infrastructure.””

From Jim Kleinschmit’s perspective, of IATP,
the need to address these issues is critical. “You
are never going to get the rewards you want — or
should get — for producing a beneficial product
if everything is treated the same in the end. We
need to help encourage manufacturers from the
beginning to produce products that are truly
compostable. We
don’t want to let

Believe the Use of Biobased Material

but end up in landfills just like all of the other
non-recyclable plastics. But that can’t be the fu-
ture. If the bioplastic industry settles for becom-
ing just ‘another plastic, then much of the value
of this new industry will be lost,” he says.??

Steve Kelley of the Humphrey Institute
agrees. “As we are trying to develop these com-
postable products, we have to keep in mind that
it is not easy to compost them. When we were
talking to consumers at the State Fair, they
would ask, “Where can we recycle this or send
this stuff to be composted?” There aren’t that
many places. And, it is not convenient. I think
paying attention to the development of the
composting side of things as part of our waste
stream [is important],” Kelley says.>

Indeed, an advisory group for biobased prod-
ucts issued recommendations in a 2009 report
to the European Commission calling for prod-
uct-specific legislation that would allow
biobased plastic to enter all waste collection and
recovery systems, including composting, recy-
cling and energetic recovery. “Biobased plastics
certified compostable ... should gain unhin-
dered access to biowaste collection,” the report
suggested.®!

What can Minnesota policymakers do near-
term to address end-of-life issues within this sec-
tor? According to Kleinschmit from IATP, one
of the answers is to expand composting.

“I think [we need to] open up yard waste
composting to include food and bioplastics. We
have to be appropriate and make sure we are not
causing problems with factors such as odor, but
good composters
know how to handle

Could Make Our Waste Stream Easier to Manage
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that. The greatest
and fastest opportu-
nity to show the
value and move
ahead in bioplastics
is making our com-
posting and organics
collection and sepa-
ration more robust,”
Kleinschmit notes.?
At the same time,



experts such as Kleinschmit note that it is im-
portant to recognize that it will require initial
funding. “It will cost money to do it right. But, I
think it will save us enough that it is a very
smart investment. It’s not like we have a lot of
other options out there.”??

There are other dimensions to this issue.
When a manufacturer changes the specifications
or characteristics of the raw materials or compo-
nents they use, that can also have an effect on
the waste stream from that facility. This could
affect permitting and environmental compli-
ance or reporting — adding cost and risk for the
manufacturer.

When asked whether they feel biobased ma-
terial could make their operation’s waste stream
easier to manage, Minnesota plastics manufac-
turers have mixed feelings. Thirty-six percent
said such material could be advantageous, while
39 percent disagreed and another 15 percent
were unsure.’

“It is remarkable to see the thought that is
going into the innovation process with those in-
volved in the production of biobased materials,”
says Jennifer Wagner-Lahr, Senior Project De-
velopment Director at AURL “There are so
many goals beyond performance and economics
— and much more altruistic in terms of environ-
mental and human benefits — compostability,
renewable inputs, as well as zero tolerance for
toxicity. There is a real opportunity to get it
right from the get-go. If the industry can do
this, then the sky is the limit”7?

Funding

Securing funding for biobased material re-
search can be challenging and time-consuming,
Though his program has been successful, it can
be difhcult, according to Chad Ulven, NDSU.

“This area of research really doesn’t have a
home within any of the federal agencies,” Ulven
notes. “If you look at the USDA, this biomateri-
als and bioproducts kind of thing is toward the
end of the list. Above it is fuel and then every-
thing else that are very valuable things that the
USDA does for farming; don’t get me wrong.
So, it really doesn’t have a solid home within the

USDA. It doesn’t really have a solid home in the
Department of Energy, but it is the fifth or sixth
item on their list. NSF the same way and the
EPA the same way. So, where do you go for
funding for this if nobody really, on a federal
level, accepts this area as a primary goal for
funding?”¢

Securing funding for biobased
material research can be
challenging and time-
consuming.

Likewise, obtaining funding from private
sources can be a challenge. “Venture capitalists
spend 98 percent of their money on phase two
or three companies. People with money are con-
servative right now. They are not sure about the
politics. They are not sure about taxation. They
are not sure about the recession really being
over. All of those things will keep the money in
their pocket,” says one manufacturer who shared
his frustration.

While Olga Selifonova, of Reluceo, acknowl-
edges that securing necessary funding can be a
challenge, she feels developers must prove the
efficacy of their solutions — and work just as
hard to find receptive resources to back them.
“A big part of any innovation is capital. No good
ideas can change things if there are no financial
means to make them happen,” says Selifonova.
“I truly believe that people who have something
worthwhile can find initial funding. But, of
course, development requires a large sum of
money. It is really important that you start
building relationships with people who are in-
terested in what you develop, so that they will
invest.”

Cora Leibig with Segetis believes that the
State of Minnesota should play a significant
role. "If the state really wants this vision to come
alive, I think anything the State can do to help
motivate capital investment would be good. We
already have the R&D and the technology. We
have a lot of the downstream businesses and up-
stream businesses. There's an R&D tax credit
that is nice. Anything that motivates capital in-
vestment, that's really the missing link."?




“Where is the greatest
potential? There is no single
answer.”

- Olga Selifonova, Reluceo

Where Opportunity Lies for Minnesota

While challenges exist in biobased manufac-
turing, industry experts agree that the opportu-
nities are significant within both existing — and
perhaps non-existing — product categories, ac-
cording to Olga Selifonova of Minnesota-based
Reluceo.

Selifonova remarks, “Where is the greatest
potential? There is no single answer. It is about
how we can apply the knowledge that we have
acquired from petroleum chemistry and the in-
dustry it created. We must look at the renewable
world with new eyes and say, ‘Can we try to cre-
ate non-toxic substitutes and make them with
renewable feedstocks?’ It is not easy, but it’s pos-
sible.” She continues, “But, people have a ten-
dency to work on
things that are known
and proven. Few are
venturing — like the

phrase from Star Trek — « Foam
“To boldly go where no - Hardened plastics
one has gone before. I « Packaging

think we need to step
back and try to invent
new things, because we
know that petroleum is
finite. We need dispos-
able, durable and non-
toxic goods — all the
things that we enjoy
today, but done using
different chemistry.”®

products

Promising Product Sectors

Steve Kelley, who leads the Center for Sci-
ence, Technology and Public Policy at the
Humphrey Institute and is a co-principal inves-
tigator with the chemists and chemical engi-
neers at the Center for Sustainable Polymers,
believes some of the strongest potential exists
within creating safer and compostable materials.
From an economic standpoint, Kelley believes
there are three product areas with strong poten-
tial — one being pressure-sensitive adhesives.

“Right now, post-it notes and stamp adhe-
sives are not necessarily from renewable sources.
So how could you develop biobased materials

Nearest-Term Opportunities
« Pressure-sensitive adhesives

« Certain types of non-load-bearing or
non-critical-performance molded

+ Vertical integration: owning several
states of the value stream — from
manufacturing to distribution
— either directly or through
partnerships and agreements

that have the right characteristics? The Center
for Sustainable Polymers is doing the research
on that. The second one is foams. What they are
researching is how you can make foams — often
from soybean mills — that are less toxic and still
have the performance characteristics that folks
want. A lot of those foams, in order to get the
properties buyers want, have to have toxic chem-
icals added to them,” Kelley says.>

Kelley continues, “The third area is hardened
plastics. There are some drawbacks with corn-
based plastic in terms of heat resistance or other
types of things. So, how can you include more
biobased materials in them to improve their per-
formance and still keep some of the attractive
environmental things like
compostability 2”5

Some believe the near-
est-term opportunities lie
in packaging and certain
types of non-load-bearing
or non-critical-perfor-
mance molded products
because of the lessened li-
ability within those sec-
tors. A bioplastics handle
for a lawn tractor may be
an easier investment “sell”
to an OEM versus a steer-
ing wheel.

According to Tim
Welle, BioBusiness Al-
liance, bioplastics offers
the opportunity to boost manufacturing within
Minnesota’s smaller communities. “That is
hopefully going to be a big part of the bio-
process and infrastructure in the state,” Welle
says, adding that there are other sectors that
could thrive.¢

Green Harvest Technologies’ Patrick Kenney
says he sees two courses of action for companies.
"One is using products that biobased material
fits in today, for instance, the reusable durable
bottle is economical. Whereas the bottles for
bottled water are economical to do; they’re just
not profitable to do. You're going to be using up
all of your profit to do that."”?
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“We certainly want to
continue to have the
resources and intellectual
capacity, but it doesn't have a
big economic development
impact on Minnesota unless

we are manufacturing here.”
- Steve Kelley, Humphrey Institute

Kenney sees greater opportunity in vertical
integration: owning several stages of the value
stream — from manufacturing to distribution —
cither directly or through partnerships and
agreements. "If you don’t vertically integrate,
you're paying for each of those steps to have
their own infrastructure and capital, as well as
their own profit margin," he says. “I see real op-
portunity in controlling that all of the way
through. In this way, you can work with one
stream of equipment that doesn’t need retuning
all of the time — and be able to trim down the
expenses and capture the margins across each of
those steps."”?

"The emerging markets for biorenewable
polyurethane foams are the places where foam
cushioning is really important - seating, bed-
ding, furniture applications,' says Marc
Hillmyer of the University of Minnesota. "As we
get into more and more insulating applications,
I think that offers even larger potential than
housewares and furniture."s

"There are companies that mix polyurethane
foams on site for use in insulating your home,
and that might be an opportunity to utilize
some of this new technology," Hillmyer adds.>

The Minnesota Advantage

What is particularly exciting, Humphrey In-
stitute’s Steve Kelley points out, is Minnesota’s
unique opportunity to excel. “The area of great-
est opportunity is
the intersection of
corporate need for
safer materials, with
research on how to
take biomaterials
and give them the
right characteristics,
along with Min-
nesota having an
available natural re-
source base. Essen-
tially, we stand to capitalize on our currently
strong corporate base in chemicals with the in-
tellectual capacity at the University of Min-
nesota and our natural resources. All three areas

« Intellectual capital
« Innovative spirit

The Minnesota Advantage

« Environmental mindset

+ Rich agricultural resources

« Receptive manufacturing community

« Proven track record in fostering biocatalysis

lock together,” says Kelley.”

And, as Kelley notes, this triad of opportu-
nity is fundamental for the economy. “We cer-
tainly want to continue to have the resources
and intellectual capacity, but it doesn’t have a
big economic development impact on Min-
nesota unless we are manufacturing here;” he ob-
serves.>?

Kelley comments, “I don’t know how to de-
fine economically what the take-off point is or
how we say, ‘Now this is a big deal. But I can see
us ramping up to that point. I don’t think we are
starting at zero; we are starting a couple feet up
the ramp.”

Robert Elde, Dean of the College of Biologi-
cal Sciences at the University of Minnesota, and
H. Ted Davis, former Dean of the Institute of
Technology, agreed in “Biocatalysis and its Syn-
ergy with Healthy Ecosystems” that the State of
Minnesota is particularly well-suited to host and
support an industry wherein plant matter can be
transformed into many products that now use
petro-chemicals.

“In terms of technological capacity, Min-
nesota has the academic resources, the innova-
tive spirit, a large agricultural base that could be
utilized for source materials, and a proven track
record in fostering life sciences companies in
general and biocatalysis specifically. In addition,
Minnesota already has the critical piece of an in-
vestment community that is predisposed to in-
vesting in high-risk life
science endeavors (i.e.,
medical devices),” Elde
and Davis observed.®?

“Furthermore, im-
portant intangibles
make Minnesota the
right place to develop
the biocatalysis indus-
try: academic leaders at
the University of Min-
nesota are willing to
champion initiatives designed to support bio-
catalysis and Minnesotans are generally inclined
toward environmentally friendly activities.”®>

From the private sector, Olga Selifonova of



Reluceo, agrees. “I truly believe that Minnesota
is very well-positioned to become a leader in the
biobased economy. I think we have the raw ma-
terials. I think we have the people. I think we
have great cities to really be a leader in this
country, she says.s

The state already has clusters of renewable-
materials companies that are converting agricul-
tural products into biofuels, chemicals and
bioplastics. According to the BioBusiness Al-
liance, more than 75 Min-
nesota academic, private and
public organizations are now
involved in biomass catalysis
and synthesis; more than 80
Minnesota organizations work
in materials science; and at
least a dozen Minnesota com-
panies, large and small, pro-
duce renewable bioplastics and
biopolymers.®

“It is clear that Minnesota
has the feedstocks, infrastruc-
ture and knowledge in the ag
processing industry to develop
the biorefinery concept,” observes Michael
Sparby, Senior Director of Project Management
at AURL “This will allow farmers and proces-
sors to start moving their products from com-
modities into higher-value biomaterials.”$4

“The positive part about Minnesota is that we
have the soybeans and the crushing facilities,’
says Jim Palmer of the Minnesota Soybean
Board. "To complete the circle, we need the
companies and the technology to be able to uti-
lize and build the biobased products here."”

Taryl Enderson, General Manager for Min-
nesota Soybean Processors in Brewster, MN,
says added value for Minnesota farmers is para-
mount. "We would like to move our farmer-pro-
ducers to a more vertically integrated market
position, and retain more value from soybeans
for our producers. Bioplastics represents that
kind of opportunity.’$>

In spite of Minnesota’s strength and potential
for building the biobased industry, however,
there have been opportunities missed. Elevance

Renewable Sciences, Inc. actually had its start in
Minnesota. "Elevance is in Illinois because Illi-
nois provided a more attractive home for Ele-
vance than Minnesota did," says Andy Shafer,
Executive Vice President of Sales and Marketing
at Elevance. "There was some interaction with
the State, but it wasn't very aggressive ... There
are a lot of resources that Minnesota has, but
they haven't been coordinated to really pull the
things together to drive a lot of growth."s

Elevance employees prepare specialty chemical

samples for the company’s development partners.
(Photo courtesy of Elevance Renewable Sciences, Inc.)

Leveraging Minnesota's Strength in Biofuels

Doug Cameron of Alberti Advisors sees op-
portunity to leverage Minnesota’s biofuels in-
dustry into the green chemicals category, which
operates at the molecular level in discovering
ways to replace petroleum-based products, such
as resins, with biobased sources. For example,
Cameron points to Segetis, a Twin Cities-based
company that is making biobased plasticizers to
replace petro-based products that are of concern
in terms of human toxicity. One of the basic
building blocks of the Segetis technology is lev-
ulinic acid, which they currently source from
China due to lack of availability in the United
States.®

"The real critical issue is getting the supply of
levulinic acid, and all of the other pieces are
pretty easy, Cameron says. "If some corn plant
wanted to dedicate some effort to making lev-

“The positive part about
Minnesota is that we have the
soybeans and the crushing
facilities. To complete the
circle, we need the companies
and the technology to be able
to utilize and build the

biobased products here.”

-Jim Palmer, Minnesota Soybean
Board

There is potential
opportunity to leverage
Minnesota's biofuels industry
into the green chemicals
category, which operates at
the molecular level in
discovering ways to replace
petroleum based products
such as resins with biobased

sources.




ulinic acid, 'm sure that Segetis would be really
interested in talking to them. So that’s another
Minnesota connection."®

Cora Leibig of Segetis, Inc. underscores that
need. When asked if Segetis was sourcing the
cellulose and starch needed for levulinic acid in
Minnesota, she responds, "I wish we were. What
it takes is a biorefinery ... for breaking down
corncobs or cellulose to form the levulinic acid
we need as a source. Right now, that is done in
China."?

Both Leibig, and her Segetis, Inc. colleague,
Brian Tockman, believe that there is potential in
using Minnesota's leadership in biofuels as a
foundation for the next state of green chemicals,
many of which can be used in plastics. "Instead
of collecting corn kernels, you'd be collecting
corn cobs," Leibig says. "The assets that are used
for making ethanol are quite different from the
assets that would make levulinic acid, so you
need to invest in the capital infrastructure to do
that production."s?

"Anytime there is the ability to invest addi-
tional capital on an existing site, you're able to
leverage all the previous infrastructure invest-
ment. So, we think there are several locations in
Minnesota and the Upper Midwest where you
can have an effective biorefinery campus,’ Tock-
man adds. "You have common wastewater, com-
mon utilities, common feedstock and product
handling and transport ... It's not that you can
use the same fermentation vessels, because it's
different technology, but you could have them
be adjacent and share all of those other re-
sources.”¥

"In this business, it is all about diversifica-
tion,” says Mike Jerke, General Manager of
Chippewa Valley Ethanol Company in Benson,
MN. "The biorefinery concept provides new
products and markets to expand opportunities
for the industry."

Andy Shafer, with Illinois-based Elevance,
says the industry will likely develop in the same
manner as petrochemicals. "I believe models de-
velop in terms of what is most efficient and at-
tractive. The petrochemical industry tends to
have the monomers for chemicals and the build-

ing blocks for fuel at refineries on an integrated
site. I don't think the renewable industry will
likely develop in a different manner," he says. "I
think you'll see both fuels and key building-
block chemicals coming off the same refinery as-
sets. Ultimately, the most competitive sites will
be ones that are integrated."

According to Shafer, Elevance is building one
of the world's largest biorefineries in Indonesia
— and is in the advanced stages of looking at
sites in North America to acquire and retrofit its
technology. "We can add our technology to that
infrastructure for a slight and incremental capi-
tal cost, diversify the product mix and upgrade
its value substantially to the point where it be-
comes a viable integrated asset."s

Cameron also notes a New York-based com-
pany called Novomer — a chemistry company
using carbon dioxide to make plastic intermedi-
ates — which, to some degree, is a competitor to
biobased plastics. "Ethanol plants provide a very
concentrated, very pure carbon dioxide stream.
It’s a lot easier to get carbon dioxide from an
ethanol plant than it is from like a coal plant. So
some of these companies that can use carbon
dioxide as a feed stock should be thinking about
combining with an ethanol plant,’ he adds.
"Everybody is going to be happy if you can use
carbon dioxide. Most of the fermentation
processes will be based on corn or corn starch,
but every one of them is looking at ways to use
biomass."®

University of Minnesota experts Friedrich
Srienc and John Barrett see it this way: “Typical
fermentations to produce these plastics require
the use of refined - that is, expensive — feed-
stocks, such as glucose.” They continued, “To
address this issue, researchers are investigating
the use of less refined feed sources, for example,
biomass and waste streams from other processes.
Ideally, PHAs could be produced as part of a
larger biorefining operation. For example, pro-
ducing PHASs using glycerol waste from
biodiesel production or CO2 from ethanol pro-
duction, thereby offsetting the overhead costs of
utilities and infrastructure ... Also, for bioplas-
tics to retain their image as environmentally
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“PHAs could be produced as
part of a larger biorefining
operation ... using glycerol
waste from biodiesel
production or C02 from

ethanol production.”
- John S.F. Barrett and Friedrich
Srienc, University of Minnesota

friendly alternatives that are truly superior to
petroleum-derived plastics, processes should be
designed in such a way that the need for toxic
solvents in product recovery and purification is
eliminated.””

In addition to the potential for producing
PHAs from glycerol waste, a 2009 Informa Eco-
nomics report developed for the Agriculture
Utilization Research Institute noted that addi-
tional products that may be produced from a
soy-based biorefinery may include soy-based
foamed plastics, polyols, methyl soyate, fatty
acids, waxes, alkyd resins, adhesives, epoxy
resins, soy-based resin reinforced composites,
soy-based nanocomposites and lubricants. >

Fillers, such as clay, talc, glass and paper, are
commonly used in plastics to increase strength.
These fillers also serve to reduce costs related to
the actual plastic resin used. Using biobased
fillers, such as corn stover, soybean hulls and
even chicken feathers, is being explored — as is
the use of a co-product of ethanol production.®

Distillers dried grains (DDG) and distillers
dried grains with solubles (DDGS) appear to be
strong candidates as reinforcement for plastics.
The high fiber content, coupled with a molecu-
lar structure that is suitable for binding, are at-
tributes that make DDG and DDGS
particularly attractive in this application. Pre-
liminary research indicates that concentrations
between 25 and 50 percent worked best as fillers
in plastics. While DDG/DDGS is not as strong
as glass fiber, it may be suitable for applications
where strength is not so much as issue, such as
ceiling panels or door liners. Research on the
use of distillers” grains in plastics is being con-
ducted at Northern Illinois University and at
Iowa State University.%

Can the University of Minnesota play a role
in capitalizing on this opportunity? Paul Roth-
weiler, of Aspen Research, says, "Absolutely! It
fits the skill sets at the University. They have a
wonderful chemistry program there, and some
very brilliant professors. If they could find alter-
native, more efficient reaction schemes for con-
verting ethanol and other small molecules
produced by microbes, they can start to make

larger molecules — and those larger molecules
will be used in application that petroleum is cur-
rently used and ethanol is not."*

Rothweiler adds, "The other problem with
ethanol is they need to work on the total energy
costs with forming ethanol from sugars and cel-
lulose; there’s still work to be done there."

The Potential of Public-Private Partnerships
Many of the experts interviewed as part of
this report saw an opportunity for collaboration

and public-private partnership focused on a
biobased plastics initiative for Minnesota. An
example: the Ontario BioAuto Council has a
mission to position the province first in the race
to meet the growing demand for affordable, sus-
tainable biobased products. The council brings
together Ontario’s distinct advantages in the
growing biobased economy, and helps ensure
participants have every opportunity to suc-
ceed.”®

Ontario has clear advantages for biobased ini-
tiatives. It houses the largest North American
auto parts and assembly industries, some of
which are already using and producing parts
from plant-derived feedstocks. Ontario is also a
continental stronghold for research and produc-
tion in agriculture and forestry, providing new
plant varieties and expertise in plant oils,
starches and fibers. And the provincial chemical
and plastics sectors are thriving, worth an esti-
mated $20 billion each. Industry leaders, in-
vestors and innovators from these areas all
connect through the Ontario BioAuto
Council.?°

The Council’s focus is biomaterials, such as
flexible biobased foams for car seats and wood-
fiber composites for automotive and construc-
tion applications. With a $5 million investment
fund from the Government of Ontario, the
council is providing support for biomaterials
ventures and commercialization. With sustain-
ability as its cornerstone, the Ontario BioAuto
Council connects the ends of the value chain,
and meets economic and environmental chal-
lenges head-on. Ontario has the natural re-
sources needed for a strong biobased economy,



and the industrial capacity to advance new ini-
tiatives. The Ontario BioAuto Council is the

conduit for those strengths.”

"We believe that building on the foundation
of polymer science excellence at the University
of Minnesota, were going to be one of the
world’s leading centers in this area," says Marc
Hillmyer of the Center for Sustainable Polymers
at the University of Minnesota. It is this type of
leadership and innovation that many feel can
serve as a solid foundation for developing Min-
nesota’s biobased plastics industry.>

Paul Rothweiler, of Aspen Research, says,
"What I would like to see is more support for
the University in helping to get fundamental re-
search going on some of these newer materials
and the related recycling processes. In a capital-
istic environment, you should say, "Those who
are going to make money should invest money.
But, when you start looking at the unknowns

Promise and Potential of Bioplastics
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and uncertainty in this area of application, there
is a hesitancy to fund them — and the ultimate
result is that the work doesn’t happen. So, soci-
ety, as the benefactors from this work, needs to
place more emphasis in getting some of the re-
search done. As that work resolves those risks
and unknowns, the investors will follow — and
we will all win.”?8

"Now;, at the same time, there needs to be a
very robust transfer of technology from acade-
mia to industry because, without that transfer,
we will end up with technology sitting on the
shelf that won't contribute to society,” Roth-
weiler adds.?®

He continues, "So, there needs to be those
two: we need to help the universities perform
the initial research, and ensure entrepreneurs
will be able to translate that into commercially
viable materials. With that, bio will then have
the potential to become the new market we all

i
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“We're going to be one of the
world’s leading centers in
this area."

- Marc Hillmyer, Center for
Sustainable Polymers, University of
Minnesota




Raising the profile of what is
already happening in
Minnesota could be a key to
spurring additional interest,
technology and development.

want it to be. They need a kick-start.”3

"Assuming these technologies are developed,
and there is a robust tech-transfer bridge be-
tween the university system and industry, we
should then consider providing entrepreneurs a
slight incentive for commercializing it,” Roth-
weiler adds. “That could be in the form of a tax
break, or selling the material for a specified pe-
riod of time. I realize that proposal could be
perceived as reducing the tax income of govern-
ment and subsequently taking money away from
other government programs, but when I'sit back
and take a look at the benefits of commercializ-
ing those materials will bring, I think there is
good justification for that proposal."®

Andy Shafer, of Elevance, says that interfac-
ing with higher education can be a challenge.
"Intellectual property is the key to driving all of
this. If that can't be managed, distributed and
shared, then you can't attract the investment
necessary to grow young companies, he says.
"All of that has to be managed so that it flows
casily."$¢

At the same time, Minnesota must get proac-
tive in capitalizing on opportunities that present
themselves. Doug Cameron of Alberti Advisors
was part of the group that started Elevance, a
Chicago-based company that is developing
chemistry from vegetable oils. "That’s a big sad
story for Minnesota. It was started at Cargill,
and then one of the lead investors in the spinout
decided that, as part of their investment, they
wanted to move it to Chicago," he says. "Min-
nesota didn’t put up much of a fight, and so this
whole, big vegetable oil company that’s doing
extremely well and raising lots of money left
Minnesota to go to Chicago. It’s just too bad."

John Souter, of Accent Signage, believes that
raising the profile of what is already happening
in Minnesota could be a key to spurring addi-
tional interest, technology and development.
“Shoppers in Lakewinds, near where I live, don’t
know that the technology that creates the
biodegradable bags they use to carry out their
groceries — Ingeo” PLA — was developed by Na-
tureWorks. And, they have no clue that this
company is only a mile or so down the road

from the store.”®

Souter says that Minnesota media needs to be
more informed — and engage. "One of the
things that upset me over the years as a scientist
with 3M, is the apparent apathy of our media to
the scientific development within our commu-
nity, he says. "For example, we've had some in-
credible inventions at 3M that generated
billions of dollars, but were never really covered
in any detail - perhaps the exception being Post-
it” notes. Unless the media starts to understand
what local companies are doing here with green
technologies, and actually start to cover these on
a regular basis, you will have a few more great
companies like NatureWorks that very few peo-
ple know about."#



Hubtamaki,
headquartered in Espoo,
Finland, estimated that
285,000 BioWare® cups
and 12,000 deli
containers made of Ingeo™
and used by climate
change delegates
effectively eliminated the
amount of greenhouse gas
generated by driving an
average European
automobile 12,305 miles.

(Photo courtesy of NatureWorks)




Adoption of biobased
materials is going to be based
on what manufacturers know
about petroleum-based
plastics.

“The potential really ranges
from whatever plastics are
currently being used to very

high-specialty products.”
- Friedrich Srienc, BioTechnology
Institute, University of Minnesota

The Process to Successful Adontion of Biomaterials in Plastics Manufacturing

nuilding on the Petroleum Experience

We have had a century to figure out how to
use petroleum-based sources in plastics. The
adoption curve for biobased materials in manu-
facturing is following a similar path, though cer-
tainly at an accelerated rate — driven by
technology, innovation, environmental con-
cerns, unstable oil supply and fluctuating prices.

Paul Rothweiler, of Aspen Research, says that
adoption of biobased materials is going to be
based on what manufacturers know about pe-
troleum-based plastics. "Many of the things we
did with petroleum-based materials, we're going
to do with biobased materials. Essentially, it’s
the same molecule and, in some cases, it’s exactly
the same molecule as the petroleum-based mate-
rials," he says. "Much of what we do today will
remain the same. What that fundamentally
means is our learning curve for adopting these
biobased materials will be short, because we can
leverage 100 years of petroleum-based chem-
istry, processes and applications."

Olga Selifonova, of Reluceo, agrees that
adoption of sustainable, biobased products is in-
evitable, but believes innovation won’t necessar-
ily be rapid. “It will take time. It is still very early
in the development, but expectations are very
high. Now that buyers are asking, it is a chance
for innovators to try to look for new solutions
that can compete in terms of performance and
price.”¢

According to American Recycler, biobased
plastics are expanding into two different ends of
the performance scale — biobased commodity
plastics for packaging and similar use; and tech-
nical biobased plastics for automotive, elec-
tronic and consumer goods applications. While
short-term challenges exist related to the eco-
nomic slump with project expansions, the arti-
cle noted that, “... in the long-term, the
challenges are more structural, such as enhanc-
ing the recycling infrastructure as well as techni-
cal properties for bioplastics."!

uoting Brian Balmer of Frost & Sullivan
from the article, "Bioplastic suppliers should
focus on improving product performance and
the depth of their product range if they are to

succeed in the rapidly evolving markets for
biobased plastics. End users need to be made
aware of the various alternatives available in
biobased plastics, with a clear definition of the
performance and end-of-life characteristics of
each of these biobased plastics."!

According to Jim Palmer with the Minnesota
Soybean Board, one of the best models for soy-
based products moving into petroleum-based
territory is in the area of printers’ inks. "While
soybean ink was slightly higher in initial cost,
the industry discovered that the quality, the en-
vironmental and worker safety, and the case of
clean-up far surpassed petroleum ink," he says.
"Now, soy inks dominate the market in many
printing applications. I think the same could
happen with bioplastics. Manufacturers might
pay alittle more if they can offset that price in-
crease through meeting environmental stan-
dards."”

“The processes have to be further developed,”
says Friedrich Srienc, Professor at the BioTech-
nology Institute, University of Minnesota. “The
petro-chemical industry really evolved over
many decades. [Bioplastics] are not really fully
matured yet; they can be improved. The manu-
facturing processes and the research and devel-
opment are all a part of that. We need to find
out how to better modify the properties these
plastics have so that they can be used for what-
ever application you can dream of. The potential
really ranges from whatever plastics are cur-
rently being used to very high-specialty prod-

ucts.”*

Supplier-Manufacturer Collaboration

Raw materials providers (e.g., resins, polyols)
must convince manufacturers to consider the
use of biobased materials — and many times
must work in partnership with them in a virtual
research and development role to discover the
use, opportunities and challenges involved.

Manufacturers need to figure out how to use
these biobased materials in their processes with-
out compromising efficiency, equipment and
profitability — while assuring their customers of
consistent performance, reliability and competi-
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Making It Work

tive cost. Manufacturers who purchase biobased
components from others must know, without a
doubt, that these products will meet safety and
testing standards and will not jeopardize their
customer experience with their brand or prod-
uct.

In other words, there are a number of hurdles
to adopting biobased plastics — but just as many
opportunities. One of the most significant hur-
dles is the reluctance of manufacturers to invest
time and money in pilot testing bioplastics as an
alternative to what they have always done.

Patrick Kenney says his company, Green Har-

vest Technologies, is trying to address the issue.
"One of our primary objectives is to take the ini-
tiative that companies are very reluctant to do —
the development work and the manufacturing -
to establish that biobased materials can work in
products and in the marketplace," he says. "Our
focus is on developing product that uses bioplas-
tics, making the right bioplastics formulations,
leveraging the capabilities that manufacturing
technology and processes can bring to make
those materials perform in a product.””’

"The product owners aren’t convinced the
material can perform. If a product owner asked




a plastic molder to make a product from PLA,
they would mold it," says Kenney.”

Managing Costs for Competitiveness

But there is considerable cost and risk for
manufacturers trying to meet a request for the
use of bioplastics. "There is the cost of reposi-
tioning the equipment and re-characterizing the
equipment, and the product owners would be
relying on the manufacturer to get the material
to perform in their product. Most manufactur-
ers aren't qualified to do that development
work,' Kenney adds.”

-
S

Mullinix Packages, Inc. of Fort Wayne, IN,
uses PLA from NatureWorks to make high-heat
foodservice lids for a major cup supplier. Ac-
cording to Brian Schmitz, Vice President of
Sales, the demand for biobased materials
stemmed from limited market demand in spe-
cific geographic regions of the country. "We
adopted PLA as a request from a customer," he
says. "Many people talk about bio, but once they
recognize the premiums attached, which are tra-
ditionally 20 to 30 percent over petroleum-
based products, they reconsider. Less than two
percent of our business is biobased."

Anticipating where the market is
headed has proven successful for Ac-
cent Signage, an architectural interi-
ors and ADA signage company in
the Twin Cities. John Souter of Ac-
cent Signage says, "If you do not have
a business model that is based on
supplying the end consumer with
what they would like, as opposed to
what you'd like to sell them, you'd
better reinvestigate what you're
doing."8

A 20-year veteran of 3M, Souter
uses a multi-attribute analysis
(MAA) to determine market trends
for his company. "It’s a mathematical
model that enables you to get a
pretty good prediction of what’s
going to happen, assuming that
you're fairly accurate with your input
data," he says. "As a wholesale com-
pany, we define the difference be-
tween a customer and a consumer. In
other words, if we just followed the
normal market approach of only lis-
tening to the voice of our customer
and not considering the end user — as
well as technology trends — we
would have missed the boat on green
technology. Many companies are
using green-washing to look as if
they are at the forefront of this
movement."#

o The MAA analysis led Accent Sig-

"The product owners aren't
convinced the material can

perform.”
- Patrick Kenney, Green Harvest
Technologies




nage to develop its Materia™ line of interior
ADA signage systems, some of which use Na-
tureWorks PLA. Most importantly, Accent Sig-
nage has been able to offer this line of products
at the same price as non-biobased signage. "That
was a conscious attribute in the multi-attribute
model. We asked if the product was likely to fly
at a 20 percent price premium. We thought, no,
it would not, and I think we’ve been proven
right," Souter adds. "One of
the things that you find
with the end consumer is
that everyone wants to do
the right thing, but few are
willing to pay a premium
for it."#

Mike Riebel with Biova-
tion also believes that cost
competitiveness of biobased
plastics is achievable now.
"Green is good, as long as

lower volume as well. That lower volume drives
up the price,’ Kenney says.”

In the case of resins or polyols, the actual ex-
periences of manufacturers — and consumers —
with biobased products are dependent to a great
degree on what happens to these biobased in-
gredients once they get into the manufacturing
process. Purchasers of raw biobased products
may use them in their own formulations, which

you're within 10 percent of
the competitive products. To get more than that
is difficult," he says. "These biomaterials can be
competitive, as long as they are engineered and
developed with that in mind. Also, we're look-
ing at higher-value applications. One of the
things we've learned is that biomaterials aren't
just a simple replacement. They can be engi-
neered to replace something of much higher
value with the right technology."*

Patrick Kenney notes that biobased materials
are heavier and denser than the high-tech plas-
tics currently used. For example, the bottled
water available at Walmart is packaged in a
lightweight PET bottle that is virtually paper-
thin. When it’s empty it can crush easily, so the
machines that make these bottles have been
tuned to handling very lightweight material,
using high pressure and high heat.”

"If you were to make that same bottle with a
PLA, it would probably have twice as much ma-
terial, and it would be a slower process. You
couldn’t use as high heat; you'd have to use
lower pressure. You'd have to reset all of the dials
on the machine, in a sense, because you have a
different recipe, so then you're producing a

Photo courtesy of Segetis, Inc.
may or may not produce optimum results. In
order to mitigate these concerns, it is important
for biobased "raw material” suppliers to work as
"research partners” with their customers.

RENUVA™and BIOH™ are two examples of
commercially available products derived from
vegetable oils, such as soybean oil.

The Dow Chemical Company produces
RENUVA™. According to company literature,
RENUVA™ utilizes a proprietary process to
break down the oil, functionalize it — and then
reconstruct the molecules for greater quality
and consistency.”?

According to Dow, the RENUVA™ process
also eliminates odors typically associated with
other biobased polyols. Additionally, this chem-
istry provides the opportunity to design polyols
with a variety of specifications and attributes for
optimum performance in specific applications.”

RENUVA™ is being used for seating foams,
carpet backing, steering wheels, vehicle arm
rests and head rests, bedding and furniture, and
noise and vibration mitigation in vehicles. It is
also being used in adhesives, protective coatings,
and even footwear. The Green Footwear Project



led by Dow Italia is showcasing high-quality,
stylish shoes using RENUVA™ polyurethane as a
way to reduce the carbon "footprint” of
footwear — and demonstrate that renewable re-
sources can be an attractive and beneficial alter-
native for manufacturers.”?

BIOH™ is a series of soy-based polyol prod-
ucts developed by Cargill and introduced in
2005. Based on promising soy-oil polymeriza-
tion technology first developed at Pittsburg
State University in Kansas, BIOH™ is being po-
sitioned at this point as a renewable, biobased
alternative in the polyurethane foam industry
for furniture, bedding, and vehicle seating and
cushioning. Serta mattresses are using BIOH™
extensively in their inner spring mattresses.
BIOH™ is used to replace a portion of the non-
renewable petroleum-based chemicals tradition-
ally used to manufacture foams. Commercial
foams are typically made with 5 to 20 percent
renewable content from BIOH™ polyols.”

One factor in the consistency and perform-
ance of biobased materials is the consistency
and quality of the source of the biomass being
used (e.g., corn, soybeans). With its relationship
to Cargill, BIOH™ (although it is made from
soybeans) is similar to Mirel’, in that its parent
company has a long history in agricultural com-
modities and can, to some degree, bringa
greater sense of quality control to the commodi-
ties used in its innovative biobased products and
technology.

Paul Rothweiler, of Aspen Research, believes
that biobased products are being considered
while companies battle the unpredictability in
the oil markets. "Corporations have a lot in-
vested in being economically sound, and watch
price fluctuations very closely," he says. "Compa-
nies must make sure they can produce products
that are going to withstand oil price fluctua-
tions. Biosourced materials are one of those
things you look at and say, 'T need this in my
portfolio to ensure stability.”

Partnership Through the Value Chain

Addressing costs is a real issue — but one that
can sometimes be best addressed through close
working relationships.

"Our internal policy is to use renewable or re-
cyclable materials wherever you have cost parity.
If a renewable or biobased material or recyclable
material is the same cost, that’s the right thing to
do," Jay Olson of John Deere says.?’

Olson adds that their manufacturing partner
for the biobased seat cushion deserves a lot of
credit for their commitment to finding ways to
attain cost parity. "We brought this to them,
they evaluated it, and they grabbed it and cham-
pioned it because they also believed it was the
right thing to do. And it was a cost improve-
ment for them. They’ll be able to produce a
biobased seat cushion at the same cost as petro-
leum-based. That will put them in a leadership
position because, over time, it will become less

(Photo courtesy of NatureWorks)

Addressing costs is a real issue
— but one that can sometimes
be best addressed through
close working relationships.




"People who are strictly
manufacturers could team up
with some of these
development groups who can
work out the formulations —
and help them get into the
business."

- Doug Cameron, Alberti Advisors

cost than the petro-based, Olson says.?”

Successful adoption of biobased materials can
benefit significantly from full buy-in at every
step. "Every link of the chain has a commitment
to it, otherwise it doesn’t get pulled through. It
takes a champion in each line to each supplier,
both externally and then the internal value
chain as well, with all of the different functions
within a company — product engineering, sup-
ply management, manufacturing and marketing,
It’s definitely a team focus, because if there’s one
part of the link that doesn’t support it or doesn’t
meet their needs, then that’s a barrier," Olson
comments.”’

Andy Shafer, of Elevance, says, “You have to
look at the value chain. The monomer company
is going to have to work with someone to get
the polymer made. The polymer company is
going to have to work with someone to get it
converted into the fabricated article. Then, that
fabricated article is going to have to get to an
end user to actually use that injection-molded
part, thermoformed package or whatever it may
be."s¢

"At each step in the supply chain — the value
chain - you're going to have different sets of is-
sues and requirements to overcome: the ability
to process, the right physical properties, the eco-
nomics and the equipment required to manu-
facture the next step in the chain,’ Shafer adds.
"Whatever it may be, all those factors have to be
addressed."s¢

Doug Cameron, of Alberti Advisors, says that
adopting biobased materials into a manufactur-
ing environment is no small commitment. "Even
if it’s a very similar molecule, the fiber size is
going to be slightly different and the processing
speed is going to be different, so it's not a situa-
tion where you're going to flip back and forth,’
he says. "You would probably need to have dedi-
cated line. You'll probably have to work with the
engineers and do some testing and tweaking."

Brian Schmitz of Mullunix Packages says,
“We have to take great care in manufacturing,
including extensive clean up between running
biobased and petroleum based products. Addi-

tionally, biobased materials have limited condi-

tions of use due to low heat deflection tempera-
tures and brittleness."s

"The people who figure it out are going to
have an opportunity. I have consulted with a
number of companies that are setting up serv-
ices or building expertise in how to formulate
and make product based on these new poly-
mers,’ says Doug Cameron of Alberti Advisors.
"The people are going to have to put a little bit
of work into reformulating and looking at their
products, and it’s not going to be trivial."

Cameron sees opportunity for collaboration.
"People who are strictly manufacturers could
team up with some of these development groups
who can work out the formulations — and help
them get into the business."

"We're very open to partnerships,” says Cora
Leibig with Segetis, Inc. “We believe that it’s im-
portant for us to grow our business so that we
attract the partnerships we need. We need sup-
ply chain partnerships; partnerships with bio-
mass owners who can help us get a more local
supply of levulinic acid; and we welcome part-
nerships downstream for formulating materials,
as well as manufacturing partnerships for our
own particular materials."s?

"Minnesota has been a great place, Leibig
adds. "There are a number of consumers of our
products and formulators of our products right
here in the Twin Cities and throughout Min-
nesota."s?

Paul Rothweiler of Aspen Research agrees
that education is key. "There is an education
level associated in working with biobased plas-
tics — especially with entrepreneurs, some of
whom have come to us and want a biobased
plastic for a specific application," he says. "For
example, if you tell me that your product is
going to have UV exposure, you cannot substi-
tute PLA directly for acrylates because PLA has
esters that break under UV exposure."






What Should Happen Next

To address the challenges and maximize opportu-

nities, the following action steps are
recommended:

Educate

Proactively shape awareness, attitudes and
understanding of the economic, health and envi-
ronmental benefits of biobased products among
consumers, retailers, manufacturers, and the finan-
cial and agricultural communities. Education and
information exchange could stimulate demand and
ensure closer alignment of product and buyer
needs, as could sharing success stories of biobased
development initiatives.

Support Minnesota educational institutions
in shaping the skills and mindsets necessary for
sustainable development. Globally, business and
industry are recognizing the need to engender
green thinking within their management teams
and corporate strategic plans. By teaching future
leaders the environmental and long-term eco-
nomic benefits of sustainability, academia can pro-
vide future leaders with the tools necessary for
such decision-making.

Provide education to manufacturers to help
ease transition of using biobased material in their
operation.

Conduct a “connect the dots” conference
which brings resin/polyol providers together with
university researchers, start-ups, manufacturers
and venture capital to discuss what is happening,
who is doing what and to begin networking Min-
nesota ideas, research and businesses that can help
each other succeed.

Evolve group into a community of innova-
tion to help nurture potential of biobased manu-
facturing in Minnesota.

Aggressively raise the media profile, through
the efforts of AURI, industry partners and leaders
of the agricultural community, about what is hap-
pening in Minnesota related to biobased plastics,
green chemicals and bioproducts.

Collaborate and Support
Nurture an investment environment more fa-
vorable to stimulating innovation and market de-

velopment. Measures should be explored that in-
crease access to capital, particularly for developing
sustainable products for new or existing markets.

More robust technology transfer. A guide or
website that incorporates services available to in-
crease biobased opportunities.

Create an innovation ecosystem involving aca-
demic institutions, nonprofits and the private sec-
tor that encourages knowledge sharing and joint
ventures. A more open and collaborative environ-
ment made possible through stakeholder dialogue
could accelerate innovation and product develop-
ment.

o Industry and academic partnerships to support
astrong research and development
environment

o Forums for sharing of best practices
Encourage a strategic approach toward devel-

oping and manufacturing biobased products, sup-
ported by comprehensive and coordinated
legislative actions in such areas as agricultural, en-
vironmental and industrial policy. Input to ongo-
ing strategies and decisions should address the full
product value chain from renewable raw material
to final end product. Doing so could ensure sus-
tainable market growth and support eventual job
creation.

Find ways to leverage Minnesota’s strong bio-
fuels foundation and leverage it in the next gener-
ation green chemicals marketplace.

Support financing of demonstration projects
and onsite assistance to manufacturers to further
encourage adoption and up scaling of biobased
production and innovations. As part of enhancing
manufacturing receptivity and trial, further com-
municate the long term economic and brand dif-
ferentiation benefits of biobased products to help
facilitate dynamic market development.

Investigate the possibility of using ethanol
and biodiesel plants as the centerpiece for a
biorefinery ‘campus,”including incubators for
start-up green chemical companies, biomaterials
research and development, and manufacturing
using biobased materials, including the use of dis-
tillers grains as plastics strengtheners and the
emerging research on using waste glycerol from
biodiesel production to produce bioplastics.



Consider a biobased plastics manufacturing
pilot plant facility in which manufacturers, bio-
plastics resin/polyols suppliers and product devel-
opers could test processes and products before
scaling up to full production.

Remove Barriers

Create a clearer and more positive regulatory
environment for sustainability. More proactive
and collaborative engagement between govern-
ment, academia and industry could be beneficial.
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Support the development of closed system col-
lection, recycling and composting of biobased
plastics in large companies, athletic facilities, etc.
(e.g.» University of Minnesota, Cargill, Twins Sta-
dium).

Conduct a pilot study of a community-based
composting infrastructure whereby residents
could bring compostable materials — including
bioplastics — to a single neighborhood composting
location. Turn it into an education project.




Thought Leader Forum

Thought Leader Forum

Following the completion of the Biobased
Products: Focus on Bioplastics Report, AURI
brought together a small group of industry
thought leaders. These thought leaders have sig-
nificant experience in biobased materials, innova-
tion and industry development in the upper
Midwest region and assisted in vetting the find-
ings in this report.

The intention of the gathering was to 1) gauge
responses to the report; 2) understand thought
leader priorities as they relate to the report; 3)
determine next steps; and 4) explore additional
considerations before moving forward.

Attendees

Participants included start-up entreprencurs,
established mid-sized biobased materials compa-
nies, former executives from Fortune 500 compa-
nies, commodity group representatives,
researchers and higher education administrators.
Each brought a unique perspective and set of re-
sources that will be called upon to establish a vi-
brant biobased materials industry in Minnesota.

The meeting was facilitated by Dick Gross, a
professional facilitator with over fifteen years of
experience garnering insights and building con-
sensus in the public and private sector.

Responses to the Report

Participants found the report thought-provok-
ing. Issues of time to market, access to capital, in-
tellectual property protection, and talent
development were discussed. The group shared
several success stories within the biobased mate-
rials industry that we can learn from. They also
noted that the bioplastics industry is in its in-
fancy and changing rapidly. Participants felt that
this report captures the current state of the in-
dustry in Minnesota in the midst of a very global
market. The group also expressed concerns that
the growing pains of the industry will be ampli-
fied in the highly connected and social network-
ing environment — successes and failures will be
immense.

Priorities and Recommendation of Thought
Leader

Each of the recommendations contained in
this report were discussed by the group. The fa-
cilitator asked participants to amend, remove or
add to the reccommendations in the report. Par-
ticipants were then asked to prioritize the revised
list of recommendations. The ten highest rank-
ing recommendations were:

1. Nurture an investment environment includ-
ing the provision of an infrastructure/clearing-
house mechanism.

2. Encourage a strategic approach.

3. Leverage Minnesota’s strong biofuels foun-
dation and investigate ethanol plants as potential
centerpieces for a biorefinery campus, potentially
structured as co-ops (two recommendations
combined).

4. Proactively shape awareness, attitudes and
understanding of the biobased materials industry,
including what it is today, addressing the food
versus biobased industry, and sustainability issues.

5. Create an innovation ecosystem that in-
cludes the entire biobased materials system, from
production to consumers, and focuses on sustain-
ability.

6. Educate manufacturers about biobased ma-
terials and their appropriate use (this is pre-con-
sumer education).

7. Hold a “Connect the Dots” conference.

8. Evolve this group and others into an innova-
tion community.

9. Take a more regional approach.

10. Support Minnesota educational institutions.

Next Steps

Following the official release of the report, a
“Connect the Dots” conference will be held to
engage a broader audience. At this conference,
participants will not only connect with others in-
volved in this industry, but will begin working on
the priorities identified in the report and poten-
tially other priorities brought forward by partici-
pants of the conference. Hopetully, this
conference will lay the groundwork for the estab-
lishment of an innovation community centered
on biobased materials.



Additional Resources Needed

Thought leaders identified additional research
that could provide important information for the
biobased materials industry, especially as it re-
lates to a concerted effort to move the industry
forward:

o An analysis/assessment of the technical, eco-
nomic and environmental vitality and potential
of biobased materials industry.

o Quantify the amount and type of funding
resources needed to jumpstart the industry in
Minnesota and regionally.

o Since this report looked specifically at bio-
plastics, there is an opportunity to focus on other
applications of biobased materials, such as lubri-
cants, films, biobased polymers, polyurethanes,
fabrics, packaging, etc.

Lastly, thought leaders were asked to identify
additional individuals and organizations that
should be a part of future activities of a commu-
nity centered on the biobased materials industry.

o State agencies — Department of Employ-
ment and Economic Development, Minnesota
Department of Agriculture, Minnesota Pollution
Control Agency, others

o The cellulosic sector (e.g., forest industry,
more ag industry)

o Manufacturing industry representatives

o Investors

e End-users

o Other sectors of the biomaterials industry
beyond plastics




Definitions

Biobased: Products that are made from bio-
logical renewable raw materials such as plants
and trees. The term excludes food, traditional
paper and wood products, but also biomass as
an energy source. Biobased products are often
considered a substitute for fossil-based products,
and are felt to leave a smaller ecological foot-
print (ie., generate less waste, use less energy
and water).

PLA: Stands for polylactide — a versatile
polymer that is made from lactic acid. Lactic
acid is made from dextrose by fermentation.
Dextrose is made from cornstarch, which is de-
rived from carbon dioxide and water.

Biodegradable: Describes products that can
be decomposed - but not necessarily 100 per-
cent degraded — in a microbial environment

after disposal.

Compostable: Products that are 100 percent
biodegradable.

Recyclable: Products that are not biodegrad-
able or compostable, but still have useful physi-
cal or chemical properties after serving their
original purpose and can, therefore, be reused or
remanufactured.

Sustainable: Encompasses issues of environ-
ment, health, social and economic justice, as
well as material resource sustainability through-
out the entire life cycle of bioplastics from feed-
stock production to management of the
bioplastic product after its intended use.

Biobased Content: The amount of biobased
carbon in the material or product as fraction or
percent weight of the total organic carbon in
the material or product.

Bioplastics: Plastics in which 100 percent of
the carbon is derived from renewable agricul-
tural and forestry resources such as corn starch,
soybean protein, and cellulose. They are not a
single class of polymers but rather a family of
products that can vary significantly from one
another.

Organic: Material(s) containing carbon
based compound(s) in which the carbon is at-
tached to other carbon atom(s), hydrogen, oxy-
gen, or other elements in a chain, ring or
three-dimensional structure.

Biomaterial: Any material made from annu-
ally renewable plant matter (as opposed to non-
renewable prehistoric plant material, fossil
fuels), including agricultural crops and residues,
and trees. Sustainable biomaterials are those that
are sourced from sustainably grown and har-
vested cropland or forests; manufactured with-
out hazardous inputs and impacts; healthy and
safe for the environment during use; and de-
signed to be reutilized at the end of their in-
tended use such as via recycling or composting.
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City

Albert Lea

Atwater
Baxter
Becker

Benson

Blooming Prairie
Bloomington
Burnsville
Campbell
Cannon Falls

Circle Pines
Claremont
Cold Spring
Cook

Currie
Detroit Lakes
Eagan
Fairmont
Faribault
Edina
Floodwood
Golden Valley

Granite Falls
Ham Lake

Heron Lake
Hollandale
Hopkins

Inver Grove Heights
Lakeville

Lino Lakes

Little Falls

Long Lake

Luverne

Mabel

Company

o Agra Resources Coop.

o Daisy Blue Naturals

o KleenTec

o Bushmills Ethanol, LLC

o LINDAR Corporation

o Biocorp North America

o Simply Neutral

o Chippewa Valley Ethanol Company, LLP
o Future Products Inc.

o DiaServe Inc.

o Ardore Candles

o Dianne’s Custom Candles, LLC
o SoyCandleWorks

o Clark Valley Soy Company

o Sustane Natural Fertilizers Inc.
o Northern Technologies International Corporation
o Al-Corn

o Mississippi Topsoils Inc.

o HillWood Products Morris

o Environmental Dust Control Inc.
o Pet Care Systems Inc.

o Cool Clean Technologies

o Rosen’s Inc.

o Faribault Mills

o SoySoft Inc.

o Mat Inc.

o Liberty Carton Company

o McLaughlin Gormley King Co.
o StarchTech Inc.

o Grante Falls Energy, LLC

o Quality Blending Inc.

o White Oaks Candles, LLC

o Heron Lake BioEnergy, LLC

o North American Mat Co.

o High Five, LLC

o Cenex

o Copper Creek Candles Inc.

o React-NTI

o Central Minnesota Ethanol Coop.
o Baltix Furniture Inc.

o Bugg Products, LLC

o Agri-Energy, LLC

o Steuart Laboratories

City
Mankato

Minneapolis

Nevis

New Prague
Newfolden
Osseo
Plymouth

Princeton

Prior Lake
Rochester
Roseville
Saint Francis
Saint Joseph

Saint Paul

Shakopee

Shoreview

Slayton
Spring Park
Wayzata
Winnebago
Winthrop

Company

o Environ Biocomposites Manufacturing, LLC
o Ridley Block Operations
o AVEDA Corporation

o BioForce Enviro-Tech Inc.
o Cargill Industrial Oils and Lubricants
o Chemstar Products Company
o Eniva Corporation

o Entropy Solutions

o Herban Cowboy

o Majestic Tree Care Inc.

o Mrs. Meyer’s Clean Day

o Natural Built Home

o Restore Products

o SoyMade Scents

o Target

o The Thymes

o Warner Tool Products

o Caldrea

e Denco, LLC

o Minnesota Emu Inc.

o All Paper Recycling Inc.

o Made By Melanie

o Crescent Products

o Ultra Green, LLC

o BioMatrix International

o Crystal Cabinet Works Inc.
o Basket Ease

o Bubbles by Brooks

« UV Color Inc.

o Soy Radiant

o USA Solutions

«3M

o CHS Inc. / Cenex

o Cortec Corporation

o Conklin Company Inc.

o Multi-Clean

o Recyclaholics

o Safe and Clean

o Soy Scents by Joan Inc.

o Petzlife Products Inc.

o Vetbasis

o Corn Plus, LLC

o Heartland Corn Products
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